
123

Treatment 
of Spine Disease 
in the Elderly

Cutting Edge Techniques and 
Technologies
Kai-Ming G. Fu
Michael Y. Wang
Michael S. Virk
John R. Dimar II
Praveen V. Mummaneni
Editors



Treatment of Spine Disease in the Elderly



Kai-Ming G. Fu • Michael Y. Wang 
Michael S. Virk • John R. Dimar II 
Praveen V. Mummaneni
Editors

Treatment of Spine Disease 
in the Elderly
Cutting Edge Techniques and Technologies



ISBN 978-3-031-12611-6    ISBN 978-3-031-12612-3 (eBook)
https://doi.org/10.1007/978-3-031-12612-3

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Kai-Ming G. Fu
Weill Cornell Medical College
New York, NY, USA

Michael S. Virk
Department of Neurological Surgery
Weill Cornell Medical Center
New York, NY, USA

Praveen V. Mummaneni
UCSF Neurosurgery
San Francisco, CA, USA

Michael Y. Wang
Departments of Neurosurgery & Rehab 
Medicine
University of Miami School of Medicine
Miami, FL, USA

John R. Dimar II
Dept. of Orthopedic Surgery
Leatherman Spine Center, University of 
Louisville
Louisville, KY, USA

https://doi.org/10.1007/978-3-031-12612-3


v

Foreword

Advances in spine care in both technology and technique have created significant 
improvements in the lives of many. As the population throughout the world ages, 
spinal pathology affecting the elderly will become an increasingly important public 
health concern. Previous literature has focused on different populations, such as 
spinal trauma in young patients and degenerative disease in the middle aged. Older 
patients suffer from high rates of spinal trauma, spinal deformity, oncology, and of 
course progressive degenerative disease. These patients often present differently 
than those in younger groups. Different fracture patterns, oncological etiologies, 
and deformity issues are some common examples. Comorbidities increase in num-
ber and severity with age, with elderly patients requiring treatment that considers 
frailty and osteoporosis among other severe pathology. Elderly patients require a 
tailored approach to their spine care. Previous textbooks have presented the advances 
and current concepts of modern surgical spinal care. However, this textbook is 
unique in its sole focus on advances in spinal care for the elderly. The editors sought 
to present a comprehensive text on all aspects of spinal care in the elderly. From 
evaluation of the medical comorbidities and bone health to advanced techniques in 
pain management, physiatry, and less invasive surgical means, this text provides a 
reference for all of those that treat elderly patients.

 Christopher I. Shaffrey MD
 Professor of Neurosurgery
 Professor of Orthopedic Surgery
 Chief: Duke Spine Center
 Duke University 

Durham NC, USA
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Elderly Specific Considerations in Spine Disease

The human spine is unique because of its upright posture and, as a result, is subject 
to predictable, progressive degenerative changes that may lead to a wide variety of 
pathological conditions with aging. Many of these changes are due to repetitive 
environmental trauma that accelerates the genetically programmed temporal aging 
processes of the intervertebral discs, ligaments, and facet joints. This frequently 
leads to loss of sagittal or coronal alignment and balance. As a consequence of the 
increasing elderly population, the medical community is experiencing a dramatic 
increase in patients with spinal disease in this age demographic (>65 years old). 
Aging pathology can be intrinsic to the spine, such as degenerative disc disease, 
spondylolisthesis, spinal stenosis, and adult spinal deformity, which individually or 
collectively frequently cause back pain, spinal cord compression, and nerve root 
compression. Additionally, the spine is subjected to extrinsic causes of spinal dis-
ease with aging including trauma and metabolic bone diseases such as osteoporosis, 
metastatic tumors, and infections. The purpose of this textbook is to familiarize 
spine surgeons with a wide variety of pathologic spinal conditions that affect the 
elderly population. These conditions often require a combination of operative and 
conservative treatment making it essential that spine surgeons understand the state- 
of- the-art techniques required to treat these conditions.

 Trauma

As a consequence of aging of the spine there is a gradual loss of muscle strength, 
disc integrity with collapse and spondylosis/ankylosis, and misalignment. As a con-
sequence of these changes there is a loss of flexibility and resilience of the cervical 
and thoracolumbar spine in the elderly when subjected to traumatic events. For 
example, with an aging cervical spine type 2 odontoid fractures are common and 
carry a high nonunion rate with bracing and may require surgery. Minor injuries of 
the thoracolumbar spine such as falls result in spinal compression fractures while 
high energy injuries result in severe fracture/dislocations, burst injuries, Chance 
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injuries and in the case of elderly kyphotic ankylosed spines that suffer a hyperex-
tension injury, a complete 3 column disruption. Perhaps the most important intrinsic 
clinical modifier as to the type of fracture in the elderly population is the quality of 
the bone while there are extrinsic factors, such as metastatic tumor that has destroyed 
the integrity of the vertebra resulting in a pathological fracture.

Elderly patients have a broad spectrum of preexisting comorbidities that need 
assessment and treatment prior to surgical treatment, if feasible, since the risk of 
perioperative complications is higher in this challenging population [1]. For exam-
ple, the treatment of odontoid fractures is controversial with more recent studies 
recommending open reduction and fusion [2]. Low energy compression fractures of 
the thoracolumbar spine account for the most osteoporotic common fractures suf-
fered in elderly adults costing 1 billion dollars annually to treat [3]. Most require 
simple brace treatment or minimally invasive vertebroplasty or kyphoplasty [4, 5]. 
Many low-energy burst fractures can be treated with bracing but thoracolumbar 
ones can be quite problematic because they tend to kyphos due to lack of anterior 
support requiring surgical stabilization and deformity correction and potentially 
with anterior column support. Most demand a metastatic and metabolic work up for 
osteoporosis, and heal uneventfully except for a few that either have neurologic 
compression or develop avascular necrosis, with both conditions requiring difficult 
surgical reconstructions. In the case of fracture dislocations that exhibit instability 
or displacement, especially with neurologic injury, expedient surgical stabilization 
of the traumatic deformity (anterolisthesis, lateral translation, slice injury) com-
bined with fusion and decompression should be done immediately since studies 
have shown improved outcomes. Hyperextension injuries in a kyphotic ankylosed 
spine are notoriously problematic and underappreciated. They can be very unstable, 
similar to ankylosing spondylitis, requiring an MRI to appreciate the 3-column 
nature of the injury and most likely surgical stabilization. Elderly patients often 
require unique surgical correction techniques to enhance fixation and address poor 
bone quality including concurrent vertebroplasties, hydroxyapatite-coated pedicle 
screws, and construct matching with less rigid titanium rods.

 Tumor

Spine tumors are more common in elderly populations and can be very challenging 
to treat due to the patients’ comorbidities, intractable back pain, possible spinal 
column instability, and a progressive neurologic deficit. Primary bone tumors of the 
spine account for less than 10% of all bone tumors with the most common type 
being benign vertebral hemangiomas. Far more common are metastatic spine tumors 
that have been reported to spread to the spine at some point during the disease pro-
cess anywhere from 30% to 70% of the time. The bony spinal column is the most 
common site for bone metastasis with the most common cancers being breast, lung, 
thyroid, kidney, prostate, melanoma, and gastrointestinal (due to the larger number 
of GI cancers). Once diagnosed a percutaneous open biopsy is required followed by 
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the optional use of one of the available scoring systems which have limited value as 
far as prognosis [6]. Following diagnosis, an experienced multidisciplinary team is 
recommended to develop a meticulous treatment plan that includes various combi-
nations of chemotherapy, radiation therapy (conventional, focused, and proton 
beam), and surgery. Surgery is indicated if there is sufficient vertebral column 
destruction to render the spine unstable and the tumor is not sensitive to chemo-
therapy or radiation such as a myeloma or other hematogenous tumors [7]. Another 
strong indication is an epidural extension of the tumor causing progressive neuro-
logic compromise, where a prospective study has clearly shown that patients treated 
with direct decompressive surgery plus postoperative radiation therapy retain the 
ability to walk for longer duration and regain the ability to ambulate more often 
(ambulatory rate surgery 84% vs. radiation 57%) [8]. Surgical decompression with 
stabilization when required allows most elderly patients to remain ambulatory. Still, 
the 2-year survival rates following spinal metastasis have been reported to be 10% 
to 20% following diagnosis with certain cancers such as breast and prostate having 
a longer survival up to a 44% survival rate [9].

 Adult Deformity

Degeneration of the spine is inevitable due to gradual deterioration of the discs, 
ligaments, and facet joints. A recent review of a Medicare database showed the 
overall prevalence of diagnosed spinal degenerative disease was 27.3% and 
increased with age [10]. These changes are subdivided into five general categories: 
herniated nucleus pulposus (HNP), degenerative disc disease (DDD), spinal steno-
sis (SS), spondylolisthesis, and adult spinal deformity (ASD). The vast majority of 
patients with these conditions can be treated nonoperatively with medications, brac-
ing, physical therapy, and pain management techniques. Conditions that cannot be 
treated by traditional conservative treatment modalities and require surgical inter-
vention will be discussed in the following chapters, including disc excision or arti-
ficial disc replacement for degenerative disc disease, a decompression for bony 
stenosis, and spinal fusion in instances of instability or deformity, and adult defor-
mity correction.

Adult spinal deformity (ASD) is perhaps one of the most challenging degenera-
tive spinal diseases since it involves disruption of the sagittal and/or coronal balance 
with pathological changes in the normal spinopelvic parameters, specifically pelvic 
tilt and sacral slope leading to positive sagittal balance [11, 12]. The incidence of 
degenerative scoliosis in the elderly ranges from 6% to 68% and is frequently asso-
ciated with spondylosis, degenerative disc disease, spondylolisthesis, and spinal 
stenosis [13].

Surgery for ASD consists of decompression alone, posterior fusion alone, 
decompression with limited fusion, fusion with deformity correction, and decom-
pression with fusion and deformity correction [13]. Anterior surgery has had a 
renaissance over the past decade following decades of the prevalence of posterior 
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spinal osteotomies which have waned in popularity and are used primarily for rig-
idly fused flatback deformities. The evolution back to anterior surgery has been 
supported by improved fusion rates and the findings that the majority of lordosis is 
located at L4-S1 (average 62%) which lends itself nicely to the use of hyperlordotic 
cages to restore lumbar lordosis in a relatively controlled manner [14]. All of these 
techniques will be discussed and can be used selectively or collectively to correct 
adult spinal deformity in concert within suggested age-adjusted goals [15].

 Osteoporosis

Osteoporosis is a skeletal disease that affects over 40 million people and is defined 
by poor bone quality. The condition typically will exhibit low bone mineral density 
and has resulted in an increasing incidence of fragility fractures prevalent in the 
aging population. The spine is the most common site of osteoporotic fracture and 
unfortunately there is only a 20% chance that further assessment of the patient’s 
bone health will be done resulting in serious morbidity and potential mortality [16]. 
The combined incidence of these osteoporotic fragility fractures in all locations is 
estimated to be 2.3 million yearly and fractures of the spine are estimated to be 
700,000 annually [17, 18]. The mortality at 2 and 3 years has been found to be 
32.7% and 46.1% while 20% of patients with one fracture will experience another 
fracture within 1 year [16–18]. Spinal osteoporosis additionally creates significant 
economic and medical burdens on the health care system, being estimated to be 
$27,500 per hospitalization and the combined cost of treatment being estimated at 
17 billion dollars yearly and climbing [16–18]. Unfortunately, the condition is often 
underdiagnosed in elderly patients undergoing spinal reconstruction surgery and 
consequently it results in increased complications, increased risk of pseudarthrosis, 
adjacent fractures, and worse outcomes. This steadily led to a greater appreciation 
of bone physiology and to the absolute need to ensure optimal bone health prior to 
elective spine surgery by spine surgeons over the past decade [19]. As a conse-
quence of the severe morbidity, mortality, and the cost of not treating metabolic 
bone disease prior to an osteoporotic fragility fracture, there has been significant 
emphasis on medical treatment education and a quantum leap in basic science 
research directed at developing effective treatment regimens to address osteoporo-
sis. A significant need has been identified and is being addressed for the education 
of both primary care providers and orthopedic surgeons in the critical importance of 
the treatment of osteoporosis with various treatment regimens and medications. 
Additionally, there has been increasing implementation of diagnostic testing to 
identify the disease utilizing DEXA scans and the growing use of the “Surrogate” 
Hounsfield Units (HU) measured on CT scanning [20].

Intensive basic science research over the past two decades has resulted in the 
discovery of the critical cellular pathways that are responsible for normal bone 
physiology by utilizing both genetic analysis of normal bone metabolism and 
genetic abnormalities that cause bone disease to guide the development of targeted 
drugs to treat osteoporosis. Finally, there have been many excellent studies that have 

Elderly Specific Considerations in Spine Disease



xi

identified the influence of Vitamin D3 deficiency on poor bone quality on the suc-
cess of fusion, instrumentation failure, and complications in adult spine surgery 
[21–26]. Beyond ensuring surgical patients have adequate bone density along with 
adequate Vitamin D3 and calcium intake [21, 22, 26], perhaps one of the most 
important offshoots of osteoporotic research has been the development of targeted 
drug therapy to effectively treat the disease. There are currently five major classes 
of osteoporotic drug therapies available. The first were three catabolic compounds 
that slow bone resorption including the bisphosphonates in the 1990s, followed by 
the Selective Estrogen Receptor Modifiers (SERMs), and then Denosumab the first 
biologic monoclonal antibody therapy. The next were the anabolic teriparatides 
which are parathyroid hormone peptides and recently a second monoclonal anti-
body has been approved, romosozumab. This fifth osteoporotic medication blocks 
sclerostin activating osteoblastic proliferation promoting bone formation, while 
slowing resorption and does not carry a risk of promoting cancer [27–30]. These 
osteoporotic medications are often used with vitamin D3, calcium supplements, and 
are administered sequentially to maintain efficacy. Multiple authors have also shown 
that vitamin D3 combined with certain of these medications to treat osteoporosis 
increases fusion rates, decreases instrumentation failure, and decreases complica-
tions demonstrating their significant clinical efficacy [21, 22, 31, 32]. Understanding 
bone metabolism, the diagnosis of osteoporosis, and how osteoporosis influences 
surgical complications and outcomes is critical to promote high-quality surgical 
outcomes and prevent complications. Additionally, they review the current meta-
bolic bone disease treatments available to improve bone quality, how they are incor-
porated into preoperative treatment regimens to improve bone quality prior to 
surgical intervention [33], and current surgical techniques available to improve out-
comes in elderly patients with osteoporosis. In conclusion, the following chapters 
review the importance of understanding the treatment of tumors, trauma, adult spi-
nal deformity, osteoporosis, and other elderly specific considerations to ensure 
proper treatment.

 John R. Dimar II
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Chapter 1
Bone Health, Advances in Assessment 
and Treatment

Panagiota Andreopoulou

 Introduction

Invasive spinal procedures that require instrumentation are performed in more 
than 400,000 patients annually in the United States for degenerative disc disease, 
spinal stenosis, spondylolisthesis, spondylosis, spinal fractures, scoliosis, and 
kyphosis [1–3] Cases have been increasing among patients over age 65 with oth-
erwise long life expectancy [3] who are seeking relief from chronic pain and 
neurologic symptoms.

However, complications are frequent in up to 45% of cases [4–6] and are associ-
ated with substantial morbidity and healthcare costs [7, 8]. Those include pseudoar-
throsis, hardware loosening and failure, proximal junctional kyphosis (PJK), graft 
or interbody cage subsidence, adjacent-level disc degeneration, and vertebral com-
pression fractures [9]. A successful approach aiming to minimize risk of complica-
tions should include preoperative identification and treatment of modifiable risk 
factors, especially skeletal deficits that may compromise early stability of instru-
mentation. The precise quantification of bone strength and the treatment of compro-
mised bone quality have been challenging for clinicians attempting to predict and 
optimize surgical outcomes.
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 Identification of Patients at Risk 
for Postoperative Complications

Assessment of factors and medical conditions that may be compromising bone 
health is imperative in elderly patients who are planning spine surgery especially 
invasive procedures such as spinal fusion and instrumentation. The aging popula-
tion has higher prevalence of osteoporosis due to increased bone resorption and 
decreased bone formation leading to decreased bone strength and high risk of frac-
tures. In addition, the elderly are particularly susceptible to medical issues related to 
aging and directly affecting bone health, such as vitamin D deficiency and osteoma-
lacia, decreased calcium absorption and other nutrient malabsorption, diabetes mel-
litus, primary hyperparathyroidism, paraprotein production (monoclonal 
gammopathy of undetermined significance (MGUS), multiple myeloma), malig-
nancies treated with agents adversely affecting bone mass (e.g., aromatase inhibi-
tors for breast cancer and androgen deprivation therapy for prostate cancer), 
rheumatologic disorders, medications including psychotropic medications, proton 
pump inhibitors, anticoagulants [10], and often a long history of multiple epidural 
steroid injections that tend to precede spinal surgery. Therefore, a meticulous his-
tory, physical examination, and pertinent laboratory and imaging testing could 
unveil potentially significant concurrent medical issues that are treatable and can be 
corrected in time for surgery.

Osteoporosis is a skeletal condition characterized by compromised bone strength 
usually due to a combination of low bone mineral density (BMD) and poor bone 
quality, predisposing to increased risk of fracture [11]. It is a highly prevalent condi-
tion especially in women. The World Health Organization (WHO) has defined 
osteoporosis using a BMD score derived from DXA, that is, 2.5 standard deviations 
below the mean for healthy young adults at the spine, femoral neck, or total hip 
(T-score) [12]. T-scores between −1.0 and −2.5 are consistent with low bone mass, 
and those above −1.0 are considered normal.

Osteoporosis is strongly associated with increasing age and negatively affects 
surgical outcomes, need for revision surgery, and risk of complications. In a study 
of 144 spine surgery candidates over the age of 50, 27% had osteoporosis, 37.5% 
had evidence of prior fracture (mostly radiographic vertebral fractures), and 75% 
had vitamin D deficiency [13]. In a larger study of 759 patients older than age 50 
undergoing spinal instrumentation at a single center, 51.3% of females and 14.5% 
of males had osteoporosis. Another 41.4% and 46.1% had T-scores consistent with 
low bone mass [14].

Another important consideration is that quite commonly skeletal quality in the 
spine of candidates for surgery is compromised by prior multiple epidural steroid 
injections (ESIs) that provide relief of symptoms of spinal radiculopathy. There is 
some systemic glucocorticoid absorption associated with use of ESIs [15] that is 
enough to cause suppression of the hypothalamic-pituitary-adrenal axis [16, 17] and 
hyperglycemia in patients with diabetes [18]. It has been shown that volumetric 
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BMD by central QCT is lower in patients receiving ESIs compared to age- and sex- 
matched controls [19].

Currently poor bone quality is often noted intraoperatively; therefore, risk of 
complications may not be optimally addressed. Standard modes of fracture risk 
assessment may not detect osteoporosis in spine surgery candidates, and newer 
methodologies are being investigated.

 Dual-Energy X-ray Absorptiometry (DXA)

Measurement of areal bone mineral density (aBMD) is an assessment of the mineral 
content in key skeletal regions by dual-energy X-ray absorptiometry (DXA) and is 
the standard of care for the diagnosis of osteoporosis and fracture risk assessment. 
DXA is widely available at low cost with immediately interpretable results and very 
low radiation exposure [20]. DXA-measured BMD strongly correlated with bone 
strength based on biomechanical studies [21] and with fracture risk based on epide-
miological studies. The risk of fracture exponentially increases as BMD decreases 
at the spine, hip, and forearm [22, 23]. Additionally, DXA may include an assess-
ment of lower thoracic and lumbar (T4–L4) vertebral compression deformities via 
a concurrent lateral view of the spine [24].

Based on several studies, low BMD is a risk factor for PJK [25–28], adjacent 
fractures [28, 29], screw loosening [28, 30, 31], and hardware subsidence [32]. The 
stability of spinal instrumentation relies on good bone quality, and the pullout 
strength of pedicle screws is highly correlated with spinal BMD [33].

However, patients that are candidates for spinal fusion by definition have base-
line degenerative disease (significant deformity, osteosclerosis, osteophytes, scolio-
sis, spondylolisthesis, degenerative disc disease, vertebral fractures, prior spine 
surgery) that render the spine BMD values falsely elevated and unreliable due to 
artifact [22, 34, 35]. Areal BMD measurements are also affected by bone size and 
shape, soft tissue composition, and concurrent obesity and do not allow discrimina-
tion between undermineralized bone (osteomalacia) and osteoporosis.

Assessment of bone quality by DXA in patients with lumbar scoliosis is limited 
[36, 37]. Younger patients with scoliosis have been shown to have low BMD [38, 
39]; however, in adult patients that require surgery, many spinal segments are degen-
erated and sclerotic resulting in falsely normal to high BMD readings on DXA [36].

Peripheral DXA measurements of the forearm, heel, or hand BMD correlate less 
well with central DXA measurements and are not used in clinical practice to assess 
bone mass [40].

Lastly, DXA does not measure volumetric bone mineral density (vBMD) or 
assess bone microarchitecture that are important parameters of bone strength. 
Therefore, assessment of trabecular structure, cortical thickness, and focal defects 
must be considered for a complete risk assessment.

1 Bone Health, Advances in Assessment and Treatment
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 Computed Tomography (CT)-Based Techniques

Computed tomography (CT)-based techniques, such as use of Hounsfield units 
(HUs) and central quantitative computed tomography (cQCT), are emerging meth-
ods alternative to DXA for assessment of bone strength. These assessments can be 
performed in pre-existing CT images, thus avoiding extra radiation exposure or time 
commitment [41].

cQCT provides a three-dimensional measurement of vBMD in trabecular or cor-
tical bone at the spine and hip, which is less affected by sclerotic changes, vascular 
calcifications [42], obesity [43], and other artifacts that compromise DXA results 
[44, 45]. Low BMD measurements by CT are common in patients presenting for 
fusion [25, 26, 28, 46, 47].

In a retrospective study of patients who underwent lumbar interbody fusion, 
those with pseudoarthrosis tended to have lower vBMD on postoperative CT, com-
pared to patients with successful fusion [48]. Seventy-eight percent of patients with 
low BMD by CT had hardware instability, adjacent fractures, and other complica-
tions [29]. Patients with low preoperative spine vBMD not only had higher rates of 
postoperative skeletal complications but also earlier occurrence of complications 
than those with higher vBMD [47].

Another method of estimating trabecular bone BMD is measurement of 
Hounsfield units (HUs) of lumbar spine vertebrae in an already available CT of the 
spine. HUs are measured based on preoperative CT (within 6 months before sur-
gery) from L1 to L5, in a circular region within the vertebral body, excluding corti-
cal bone, lateral walls, endplates, or osteophytes, at the midsagittal plane, midbody 
axial plane, axial plane just below the superior endplate, and axial plane just above 
the inferior endplate [49].

A correlation between HU values and presence of osteoporosis [50–53] and suc-
cess of lumbar fusion has been shown [53]. An HU value of 110 has previously been 
reported as a cutoff for osteoporosis [54, 55]; however, there are differences in val-
ues depending on the CT model.

 Trabecular Bone Score (TBS)

Trabecular bone score (TBS) is a fairly recent advance in DXA methodology that 
has greatly expanded its functionality. Application of this software on the DXA 
spine image (TBSiNsight, Medimaps Group, Switzerland) estimates trabecular 
bone texture, which correlates with bone microarchitecture [56]. A relationship 
between 3D bone characteristics, mechanical parameters, and TBS has been estab-
lished [56, 57]. TBS predicts fragility fracture risk in osteoporosis independently of 
BMD and of clinical risk factors and has value in monitoring response to treatment 
[58, 59]. TBS may elucidate the etiology of increased fractures in the setting of 
secondary osteoporosis with abnormal trabecular microarchitecture at a higher 
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BMD (e.g., diabetes, rheumatoid arthritis, glucocorticoid-induced osteoporosis). 
Recommended TBS reference ranges for postmenopausal women are >1.35 normal 
microarchitecture, 1.2–1.35 partially degraded bone, and <1.2 completely degraded 
bone [60].

TBS may also be falsely elevated due to spine artifact although to a lesser degree 
than BMD by DXA [58].

 High-Resolution Peripheral QCT (HR-pQCT)

High-resolution peripheral QCT (HR-pQCT) measurement [61] involves peripheral 
skeletal sites that are composed predominantly by cortical bone (the distal radius 
and distal tibia); however, abnormal cortical bone values are associated with higher 
risk of vertebral fractures [62, 63]. The cortical bone rim of vertebral bodies, 
although thin, contributes to their bone strength [64, 65]. In a recent prospective 
study, abnormalities of both trabecular and cortical microarchitecture as measured 
by HR-pQCT were associated with the development of early complications within 
the first 6 months following spine fusion surgery [66].

At this time HR-pQCT is not widely available for clinical use and is mainly uti-
lized in the research setting.

Studies suggest that higher bone mass and intact microarchitecture is critical for 
enabling new bone formation, increasing early hardware stability, promoting suc-
cessful healing, and minimizing complications. Identification of high-risk patients 
prior to surgery could lead to early treatment intervention and might ultimately 
minimize these types of complications.

 Optimization of Bone Strength Perioperatively

Deficiencies in calcium and vitamin D intake can accelerate the rate of bone loss 
and lead to osteomalacia.

During bone remodeling, which is a constant process throughout an individual’s 
lifetime, calcium diffuses into and out of the skeleton. As much as 10,000 mg of 
calcium is filtered by the kidneys daily, and more than 98% of that is reabsorbed. 
Inadequate calcium intake in the setting of calcium loss by the kidneys, gastrointes-
tinal tract, and skin can eventually lead to bone demineralization. Therefore, cal-
cium supplementation may be indicated if dietary calcium is limited. The 
recommended total daily calcium intake is 1200 mg for postmenopausal women 
and men over age 70 and 1000 mg for men over age 50 in order to replenish the 
daily calcium losses (National Osteoporosis Foundation).

Vitamin D levels (25OHD) positively correlate with BMD and muscle function 
(e.g., walking speed). Supplementation with at least 800 IU of vitamin D daily is 
associated with improved balance and lower extremity function and reduced falls 
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[67, 68]. 25OHD levels less than 30 ng/mL are associated with secondary hyper-
parathyroidism, and intestinal calcium transport increases at 25OHD levels greater 
than 32 ng/mL.

Following a fusion surgery, endochondral and intramembranous ossification 
forms a solid stabilizing bony bridge across decompressed segments [69–73]; how-
ever, this process may be hindered by biological and biomechanical challenges [74].

Antiresorptive and anabolic therapies that are standard treatment for osteoporo-
sis appear effective at improving spinal surgery outcomes and reducing complica-
tions [75]. Bisphosphonates and teriparatide have been tested in patients undergoing 
spinal fusion for their effects on arthrodesis, vertebral bone density, adjacent verte-
bral fractures, instrumentation failure, fusion mass catabolism, and graft or cage 
subsidence [9].

Overall, prior treatment of underlying osteoporosis is associated with lower risk 
of osteoporosis-related complications after spinal fusion. In a large retrospective 
study that included 849 patients (predominantly white (86%) females (83%) age 
60–79 (80%)), treated patients and not-treated patients had 1-year complication 
incidence of 9.1% and 15.0%, respectively. Treated patients comprised only 14.3% 
of the cohort of which 88% were treated with bisphosphonates and 12.4% with 
teriparatide. Eighteen percent of the untreated patients with complications had to 
undergo a revision surgery [76].

 Bisphosphonates

Bisphosphonates are the most widely prescribed treatment for osteoporosis. They 
are antiresorptive therapies that inhibit osteoclastogenesis in the bone marrow, 
decrease osteoclast activity at the bone surface, and decrease the osteoclast life span 
by increasing apoptotic cell death [77].

In humans bisphosphonates may be beneficial in bridging bone formation and 
decreasing vertebral fracture risk in patients undergoing interbody lumbar fusion 
but without difference in clinical outcomes. In a small prospective study, 36 patients 
with osteopenia undergoing single-level posterior lumbar interbody fusion were 
randomized to either alendronate 35 mg or vitamin D for 1 year. Fusion was assessed 
via radiographs and CT reconstruction. Patients treated with alendronate had a sig-
nificantly higher fusion rate when compared with controls (95% vs. 65%) and 
decreased risk of vertebral compression fracture (VCF) (0% vs. 24%) at 1 year after 
surgery. Despite that, the incidence of cage subsidence, defined as more than 2 mm 
vertical migration from baseline on CT scan, was not significantly different between 
the two groups, and there was no significant difference in clinical outcome [78]. 
However, in another study of 44 patients, there was no difference in fusion rate 
between alendronate and no treatment in patients with and without endplate degen-
eration after posterior lumbar fusion (PLF) [79].

Two small retrospective studies looked into the effects of zoledronate intrave-
nous infusion. The first evaluated 44 patients at 6-month follow-up after one- or 
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two-level PLF but found no significant difference between fusion rate, volume of 
fusion mass, clinical outcomes, and complications rates between zoledronate and 
control groups [80]. The other study evaluated 64 patients at a longer follow-up of 
24 months and showed higher fusion rate (75% vs. 56%), lower risk of VCF (19% 
vs. 51%), cage subsidence (28% vs. 54%), and pedicle screw loosening (PSL) (18% 
vs. 45%) as well as significant improvement in clinical outcomes [81].

In a randomized, placebo-controlled study of 79 patients treated with zoledronic 
acid vs. placebo, investigators noted earlier fusion (significant difference at 3, 6, and 
9 months, but nonsignificant difference at 12 months), reduced risk of VCF (0% vs. 
17%), and improved clinical outcomes at 9 and 12 months post-op; however, there 
was no difference in overall fusion rate (82% vs. 83%). Three patients (9%) in the 
zoledronic acid group and five patients (14%) in the placebo group had fusion fail-
ure [82]. Similar observations were made among 30 patients receiving zoledronic 
acid and 34 untreated patients. No significant difference was observed between 
overall fusion rates at 12  months (92% vs. 92.86%), and improved clinical out-
comes were observed at 12 and 24 months in the zoledronic acid group on multiple 
score scales. Rates of VCF (0 vs. 5 cases) and PSL (0 vs. 6 cases) were reduced in 
the treatment group [83].

In summary, data on effect of bisphosphonates on rate of fusion and clinical 
outcome measures are inconsistent; however, it appears that bisphosphonates induce 
earlier fusion, and reduce the risk of cage subsidence, VCF, and PSL.

 Anabolic Agents: Teriparatide

Teriparatide is part of the PTH (parathyroid hormone) peptide (hPTH 1–34) [84]. 
Intermittent administration has an anabolic effect via the activation of osteoblast 
cell surface receptors that further induce the production of several growth factors, 
including insulin-like growth factor 1 (IGF1), and lead to primarily increase of tra-
becular bone mass [85].

Several small and mostly retrospective studies have demonstrated a beneficial 
effect of teriparatide treatment on fusion outcomes [86–92].

Higher fusion rate was noted 6 months after PLF or transforaminal lumbar inter-
body fusion (TLIF) in 29 patients treated with teriparatide monotherapy compared 
to 37 untreated patients (69% vs. 35%). However, there was no significant differ-
ence in Japanese Orthopedic Association Pain Evaluation Questionnaires (JOA- 
BPEQ) or ODI scores between the two groups [92].

Sequential/cyclical treatment was studied in 47 patients after PLIF for spinal 
stenosis who were treated with 3 months of teriparatide alternating with 3 months 
alendronate for a total of 12  months compared to risedronate alone for at least 
12 months. The first group had earlier fusion (6.0 ± 4.8 months vs. 10.4 ± 7.2 months) 
and improved BMD recovery range (T-score) at 24-month follow-up compared to 
alendronate alone (0.7 ± 1.4 vs. 0.1 ± 0.5). However, again no significant difference 
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in ODI, VAS, or Prolo scale scores was observed at 24 months, and no significant 
difference in overall fusion rate (92.6% vs. 96.4%) [93].

Anabolic therapy is likely superior to antiresorptives in the setting of spinal 
fusion surgery. In a study of 57 patients treated either with teriparatide starting at 
2 months preoperatively and continuing for 8 months postoperatively or with rise-
dronate, earlier fusion and higher fusion rate was noted at 12 months after one or 
two-level PLF (82% vs. 68%). However, there was no significant difference in low 
back pain or lower extremity pain [86].

Teriparatide was shown to be superior to bisphosphonate in reducing the inci-
dence of PSL in 62 postmenopausal women treated with teriparatide for 2 months 
preoperatively and 10 months postoperatively after one- or two-level PLF compared 
to risedronate and to untreated patients, based on radiographic and CT analysis 
(7–13% vs. 13–26% and 15–25%). Unlike other bisphosphonates, risedronate did 
not significantly reduce the rate of PSL [88]. It appears however that any benefit of 
teriparatide in reducing PSL is significant after the first 6 months post-op as observed 
in 84 patients treated with teriparatide for 6 months post-op followed by risedronate 
compared to patients treated with risedronate monotherapy. In that group the num-
ber of loosened screws detected between 6 and 12 months was significantly differ-
ent (2.3% vs. 9.2%) despite the opposite effect early on after surgery [89].

A retrospective clinical review of 159 patients from 27 different centers in Japan 
undergoing instrumented fusion for osteoporotic vertebral fracture showed a lower 
rate of mechanical complications (BP vs. TP: 73.1% vs. 58.2%) in those receiving 
postoperative teriparatide therapy for 2 years vs. those receiving oral bisphospho-
nate therapy [94]. However, a placebo-controlled trial in patients with PMO under-
going non-instrumented PLF showed no radiographic or clinical improvements 
with teriparatide initiated immediately postoperatively [95].

In summary teriparatide use is associated with earlier fusion, higher overall 
fusion rates in some but not all studies, and reduced PSL compared to bisphospho-
nates. Data regarding potential higher benefit with treatment starting preoperatively 
are lacking, and this is problematic given the frequent dilemma regarding timing of 
surgery and need for potential delay in order to treat underlying osteoporosis.

 Anabolic Agents: Abaloparatide

Abaloparatide is a peptide analog of PTH-related protein (PTH-rP) and thus a PTH 
receptor agonist with stronger affinity compared to teriparatide. It increases bone 
formation in women with postmenopausal osteoporosis, leading to greater increases 
in spine BMD compared to teriparatide during the first year of therapy and an over-
all 86% reduction in vertebral fracture risk compared to placebo [96].

In a rat posterior lumbar fusion model, treatment with abaloparatide was associ-
ated with improved fusion mass architecture by micro-computed tomography 
(micro-CT), and a onefold higher fusion rate compared with vehicle, although the 
latter was not clinically significant [97].
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A recent case report of a 66-year-old woman with cervical fusion nonunion and 
two failed revision surgeries showed successful fusion after 12 weeks of abalopara-
tide therapy, starting 2 weeks prior to corpectomy and fusion [98].

 Combination Therapy

A novel approach in the treatment of osteoporosis is the combination of anabolic 
agent with a potent antiresorptive. The later addition of denosumab to teriparatide 
treatment has been shown to be highly effective in reducing risk of fractures [99]. 
Denosumab is a RANKL inhibitor and the most potent antiresorptive available. The 
same approach may be useful in the setting of spinal surgery. In a small clinical trial, 
16 patients with osteoporosis and lumbar spinal stenosis were randomized to treat-
ment with teriparatide alone (starting a month before the surgery and continued for 
12 months after surgery) vs. teriparatide and denosumab (administered at 2 months 
and 8 months postoperatively). All patients underwent posterior lumbar interbody 
fusion with local bone grafts. Femoral neck BMD and bone turnover markers were 
measured at 3, 6.9, and 12 months following surgery and fusion rates assessed via 
CT at baseline, 6, and 12 months postoperatively. The combination group had a 
higher fusion rate at month 6 compared with patients receiving teriparatide 
alone [100].

Overall, there is insignificant difference in short-term clinical results despite 
radiographic union [101]. However, in the long term solid union is associated with 
better functional outcomes [28].

 Conclusion

Whereas the great majority of candidates for spinal surgery have underlying poor 
bone quality, several advances in preoperative fragility assessment via imaging as 
well as treatment modalities to improve bone strength are available and allow us to 
optimize surgical outcomes.
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Chapter 2
Antithrombotic Management in Spine 
Surgery in the Elderly

Nallammai Muthiah, Nitin Agarwal, and David Kojo Hamilton

 Introduction

Spine surgery, as with any surgery, is a risk factor for thromboembolic events [1–9]. 
The estimated incidence of perioperative deep venous thrombosis or pulmonary 
thromboembolism for spine surgery varies widely, with rates reported between 
0.03%and 31% [10–15]. This large range likely reflects the variability in power of 
studies, thromboembolism prophylaxis protocols, extent of surgery, changes in che-
moprophylaxis medications, changes in techniques over time, and patient population. 
Still, patient safety is among the foremost considerations for spine surgeons, and 
spine surgery carries a significant risk for venous thrombosis or thromboembolism 
regardless of protocols, medications, techniques, or patient population. Several sets 
of guidelines exist for antithrombotic management before and after spine surgery, 
though many of these guidelines are loosely based on retrospective and prospective 
trials. There is no single standardized protocol for VTE prophylaxis, especially for 
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patients with multiple comorbidities. This chapter draws from this existing literature 
and will provide suggested guidelines for VTE prophylaxis. Ultimately, however, 
antithrombotic medications should be managed in complete clinical context.

Age is among the most important risk factors for cardiovascular disease, though 
the exact mechanism of aging on cardiovascular health has yet to be fully under-
stood [16–18]. Aging is thought to decrease platelet aggregation and fibrinolysis 
secondary to endothelial cell senescence [19, 20], exhaustion of endothelial cell 
repair mechanisms [20], the increased likelihood of comorbidities (i.e., hyperten-
sion, hepatic disease, renal disease, etc.) [18], and lifestyle changes which may 
increase sedentary time [21]. The incidence of thromboembolism among adults at 
age 80 is about three time that at age 60 [22]. For this reason, many older adults are 
started on venous thromboembolism prophylaxis.

To that end, one of the greatest challenges in perioperative management for 
elderly spine surgery patients is anticoagulation. Both vessel thrombosis and uncon-
trolled bleeding—entities on opposite ends of the spectrum—are major complica-
tions associated with spine surgery [2, 4, 5, 8, 9]. Several medication classes are 
currently approved for anticoagulation in older adults. The rest of this chapter will 
offer an algorithmic approach to managing antithrombotic agents, delineated by 
medication class, for the elderly spine surgery patient. The first section of this chap-
ter will outline antithrombotic agent management for elective neurosurgical proce-
dures, the next section will discuss management in urgent or emergent procedures, 
and the final section will review special considerations for managing antithrombotic 
agents in older adults.

 Preoperative Antithrombotic Therapy

When considering preoperative anticoagulation management in the elderly, first 
spine surgeons must estimate perioperative thrombotic risk. To do so, three risk fac-
tors must always be considered: mechanical heart valves, prior thromboembolism, 
and atrial fibrillation [23].

Atrial fibrillation is the most common arrythmias diagnosed in clinical practice 
[24]. Age is the most important risk factor for atrial fibrillation [25], and the 
prevalence of this arrythmia is 12% among US adults older than 65 [26]. Atrial 
fibrillation is also a major risk factor for thromboembolism among adults in this 
age group [27]. The risk of stroke among patients with atrial fibrillation is fivefold 
greater than in the general population [28]. Appropriate anticoagulation can 
decrease the risk of stroke for patients with atrial fibrillation by 66% [29, 30]. The 
CHA2DS2-VASc score has been used to stratify patients with atrial fibrillation 
into low-, moderate-, and high-risk groups for perioperative thrombosis [3], 
though this risk classification is based on indirect evidence and should always be 
supplemented with patient- specific clinical reasoning. The presence of mechani-
cal heart valves and/or prior thromboembolism generally increases the risk of 
perioperative thrombosis [3], further allowing spine surgeons to risk-stratify older 
adult patients.
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 Antithrombotic Agent Classes

Medication-specific considerations are also vital to preoperative antithrombotic 
management. These considerations are discussed in the following sections.

 Antiplatelets

 Aspirin (Acetylsalicylic Acid, ASA)

Aspirin is among the most commonly prescribed medications in the United States 
today [31]. It is relatively inexpensive, is available over the counter, is easy to take, 
and has multiple dose-based physiologic effects. At low doses, aspirin is primarily 
an antiplatelet; at high doses, it has anti-inflammatory properties [32]. In other 
words, aspirin is a versatile and easily accessible medication.

ASA is an irreversible cyclooxygenase-1 and cyclooxygenase-2 inhibitor, which 
prevents the formation of thromboxane-A2 and ultimately inhibits platelet aggrega-
tion. As an irreversible agent, aspirin’s effects last the life of the platelet (7–10 days). 
Peak serum levels are achieved at 30 min following administration, with a half-life 
of 20 min. Aspirin has been used for primary prevention of cardiovascular disease 
in the past, though recent studies suggest that the benefits of taking ASA as a pri-
mary preventative agent do not necessarily outweigh the risks. As per the 2019 
American Heart Association (AHA) guidelines, aspirin should not be used in 
patients older than 70 years at risk for bleeding [33–36]. For this reason, aspirin is 
used mainly for the secondary prevention of cardiovascular disease in at-risk 
patients aged 40–70 [33–37].

An estimated 44.6% of adults aged 70–79 and 46.2% of adults older than 80—a 
total of approximately 9.5 million adults—use daily aspirin [34]. Interestingly, the 
prevalence of cardiovascular disease in adults aged 60–79 is approximately 75%, 
and in adults ≥80, the prevalence is approximately 80% [38]. This discrepancy in 
prevalence of cardiovascular disease and rates of aspirin use among older adults is 
not surprising. Not all adults with cardiovascular disease require antithrombotic 
therapy. Those who do require antithrombotic therapy may also require nonaspirin 
medications. At the same time, older adults can easily use aspirin for reasons other 
than for the secondary prevention of thromboembolism. There is evidence to sug-
gest that a substantial portion of patients may be taking aspirin without the explicit 
advice or possibly knowledge of their physicians [34]. All this to say, it is vital to 
ascertain all nonprescription medications, especially those like aspirin, which can 
increase intraoperative bleeding risk. Plans for management of these medications 
should be created by medical and surgical teams several weeks before surgery.

It is recommended that ASA be held 5–10 days before spine surgery for patients 
taking the medication for cardiac risk [5, 39]. Some patients take aspirin along with 
another antiplatelet agent for the purpose of bare-metal or drug-eluting stent throm-
bosis prevention. For those on such dual antiplatelet therapy, current recommenda-
tions are to delay spine surgery by 6 months if feasible and continue both medications 
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[23, 40, 41]. If it is not feasible to wait 6 months for surgery, the risks and benefits 
of bleeding must be considered carefully with medicine and anesthesiology col-
leagues as well as the patient. If the risk of bleeding is expected to be minimal, dis-
continuing the P2Y12 receptor antagonist while continuing aspirin is recommended 
[23, 40, 41]. However, for major procedures where intraoperative or postoperative 
bleeding could be catastrophic, both agents may need to be held [23, 40, 41].

 Clopidogrel and Other P2Y12 Receptor Antagonists

P2Y12 receptor inhibitors are thienopyridines which function as antiplatelet medi-
cations by inhibiting ADP-mediated platelet aggregation, thereby preventing clot-
ting [42, 43]. Among the thienopyridines, clopidogrel (second generation), prasugrel 
(third generation), ticagrelor, and cangrelor (fourth generation) are used most com-
monly in clinical practice [42].

Clopidogrel is a prodrug which is metabolized into active compounds by the cyto-
chrome P450 (CYP450) system in the liver. While prasugrel and ticagrelor are often 
used in the setting of STEMI to reduce ischemic outcomes [43], for the older spine 
surgery patient, P2Y12 receptor inhibitors (especially clopidogrel [42]) are more 
likely to be seen in combination with aspirin for thromboembolism prophylaxis in 
patients with intracardiac stents. For patients with cardiac stents, stopping such dual 
antiplatelet therapy significantly increases the risk of thromboembolism. Therefore, 
as previously mentioned, it is recommended to stop only the P2Y12 receptor antago-
nist when some increased intraoperative bleeding can be tolerated [41, 43].

Dipyridamole is another medication which falls into the class of P2Y12 receptor 
antagonists. It acts as both a vasodilator and antiplatelet agent. To date, there is no 
rigorous data to guide preoperative management of dipyridamole for spine surgery 
patients. Consultation with medical and anesthesia colleagues will be important to 
determine the risk/benefit profile of drug cessation. If the decision is made to hold 
dipyridamole, it is suggested to be stopped for 2  days prior to surgery [44]. 
Importantly, formulations of dipyridamole and aspirin (i.e., Aggrenox) exist. Such 
formulations should be stopped 7–10 days before surgery.

Figure 2.1 depicts a suggested algorithm for preoperative antiplatelet agent man-
agement among elderly spine surgery patients.

 Oral Anticoagulants

 Warfarin

Warfarin is among the most common anticoagulants used for treatment of non- valvular 
heart diseases [31]. Warfarin’s therapeutic effect is secondary to its properties as a vita-
min K epoxide reductase antagonist, an enzyme which activates vitamin K. Vitamin K 
is necessary for the gamma carboxylation of factors II, VII, IX, and X of the coagula-
tion cascade. Warfarin has a half-life of 36–42 h, necessitating it be stopped earlier than 
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other anticoagulants prior to surgery. Warfarin’s therapeutic effect is traditionally mea-
sured by the international normalized ratio (INR). Current guidelines suggest that war-
farin be stopped 5 days before surgery or until a goal INR of ≤1.5 is achieved.

Within the first 12–16 h of warfarin intake, factor VII levels are approximately 
40%, which is enough for the coagulation cascade to remain relatively clinically func-
tional. For that reason, warfarin is unique among anticoagulants in that it is safe to 
perform neuraxial anesthesia or remove an epidural catheter within 24 h of first war-
farin intake. There is no clear consensus as to how long following warfarin intake it 
becomes unsafe to perform neuraxial anesthesia or epidural catheter manipulation, 
though it is recommended that such procedures be preceded by an INR of ≤1.4.

Figure 2.2 depicts a suggested algorithm for preoperative warfarin management 
among elderly spine surgery patients.

 Direct Oral Anticoagulants (DOACs)

DOACs have become more popular anticoagulation agents since their introduction. 
Today, the AHA recommends use of DOACs over warfarin in patients with atrial 
fibrillation requiring anticoagulation [45]. Agents in this class include drugs with 
the suffix -xaban (i.e., apixaban, rivaroxaban) and -gatran (dabigatran). Dabigatran 
is a prodrug whose active product functions as reversible direct thrombin (factor II) 
inhibitor. It binds the active site of thrombin, attenuating formation of fibrin and 
inhibiting the coagulation cascade. Apixaban and rivaroxaban are irreversible factor 
Xa inhibitors, which also impair the common pathway in the coagulation cascade, 
thereby attenuating the formation of fibrin. DOACs have a rapid onset and offset, 
need not be monitored via serial blood levels, are easy to take, and have been shown 
to have fewer bleeding complications than warfarin in older adults [46, 47]. DOACs 
are becoming increasingly common among traditional spine surgery patients.

There is no reliable method of laboratory monitoring of DOAC levels, so periop-
erative management for elderly patients can be challenging [48, 49]. Furthermore, 
DOACs are cleared renally. Among adults aged 65–79  years, the prevalence of 
chronic kidney disease is approximately 22%, and among those older than 80 years, 
that prevalence jumps to 51% [50]. As many spine surgery patients are older adults, 
renal function (often approximated by creatinine clearance) must be considered 
well in advance of surgery. In general, patients with poorer renal function require 
earlier DOAC cessation than those with good renal function [48, 49]. Each DOAC 
also has its own half-life, which also should be accounted for when determining 
preoperative DOAC cessation timing [48, 49]. Because DOACs have such a rapid 
offset, bridging with heparin compounds is often performed [48, 49].

For patients with creatinine clearance ≥30  mL/min who are taking apixaban 
twice daily or rivaroxaban once daily, the last dose should be given 3 days before 
spine surgery [48, 49]. Patients taking dabigatran twice daily with creatinine clear-
ance ≥50 mL/min should take their last dose 3 days before surgery, while those with 
a creatinine clearance of 30–49 should take their last dose 5 days before surgery [48, 
49]. If creatinine clearance is ≤30, usually DOACs are not started in the first place, 
so preoperative management is unclear.
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Preoperative DOAC
management

Dabigatran BID

CrCI ≥50 mL/min CrCI <50 mL/min
Discontinue 3 days before spine

surgery (i.e. skip 2 doses)

Discontinue 3 days before spine
surgery (i.e. skip 4 doses)

Discontinue 5 days before spine
surgery (i.e. skip 8 doses)

Discontinue 3 days before spine
surgery (i.e. skip 4 doses)

Rivaroxaban QD Apixaban BID

Fig. 2.3 Algorithm for preoperative DOAC management

Figure 2.3 depicts a suggested algorithm for preoperative DOAC management 
among elderly spine surgery patients.

 Heparin Compounds

 Unfractionated Heparin (UFH)

Unfractionated heparin is a compound which binds to antithrombin III to serve 
as a factor Xa and, to a lesser extent, direct thrombin inhibitor. In vivo, anti-
thrombin III inhibits factor Xa of the coagulation cascade, preventing formation 
of activated thrombin from prothrombin. UFH binds to antithrombin III and 
inhibits factors Xa and thrombin. UFH is a compound used typically in hospital 
settings due to its route of administration and necessity to closely monitor its 
therapeutic effect. UFH has a short half-life of only 1–2 h and is easily reversed 
with protamine, making this medication a good choice for patients who are at 
high risk of VTE before surgery. The American Society of Regional Anesthesia 
(ASRA) recommends stopping UFH 4–6 h before surgery or until the aPTT is 
<35.7 s (regardless of whether the patient is on a therapeutic dose or a prophy-
lactic dose) [51]. For prophylactic dose UFH (5000 units every 8 h), it is also 
okay to continue the medication throughout surgery if the procedure is expected 
to have minimal bleeding [51].

 Low Molecular Weight Heparin (LMWH)

LMWHs have a similar mechanism of action as UFH.  However, as the com-
pounds are fractionated into various-sized smaller molecules, fewer molecules 
within the LMWH mixture are large enough to directly inhibit thrombin when 
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compared to UFH.  LMWHs are gaining popularity as they have a lower inci-
dence of heparin- induced thrombocytopenia than UFH and do not require con-
stant monitoring. These benefits, however, come at the cost of inability to easily 
reverse supra-therapeutic effects. Prior to surgery, the ARSA recommends stop-
ping therapeutic doses of enoxaparin (>40 mg four times per day) 1 day before 
surgery and stopping prophylactic doses (30  mg twice per day to 40  mg four 
times per day) 12–24 h before spine surgery with the caveat that it may be okay 
to continue prophylactic enoxaparin depending on the risk for thromboembo-
lism [52].

 Fondaparinux

Fondaparinux is another heparin compound. There are currently no rigorous studies 
to date evaluating the safety and efficacy of fondaparinux in the population of older 
spine surgery patients, so surgeons must rely on their clinical judgment when decid-
ing when to start this medication postoperatively. The ASRA recommends stopping 
prophylactic dose fondaparinux 2–3 days before spine surgery with the caveat that 
there is no strong evidence against simply continuing the medication [52, 53]. For 
therapeutic dose fondaparinux, the last dose should be 4–5 days before spine sur-
gery [52, 53].

 Bridging Anticoagulation

When oral anticoagulants are stopped preoperatively, it is possible to “bridge” the 
period between anticoagulant cessation and surgery with a short-acting agent. 
Heparin compounds are traditionally used for bridging. It is important to note that 
no clinical trial evidence exists to guide the use of bridging, though bridging has 
been retrospectively shown to increase bleeding intra- and postoperatively while not 
substantially decreasing thromboembolism risk preoperatively [49]. Ultimately the 
decision to bridge requires weighing the risk of VTE in clinical context against the 
risk of bleeding during and after spine surgery [49].

If it is decided that bridging anticoagulation will be net beneficial to the patient, 
low molecular weight heparins (LMWHs) are often the first choice [49] because 
they do not need to be monitored, have lower incidence of heparin-induced throm-
bocytopenia, and have similar clinical outcomes as unfractionated heparin (UFH). 
Importantly, bridging does not seem to decrease the incidence of VTE but does 
increase bleeding risk [49]. Thus, it is recommended to avoid bridging when possi-
ble, even in most patients with recent VTE [54, 55] or those with atrial fibrillation 
[49, 56]. UFH allows for easy reversal with protamine if necessary, which can 
become useful in the case of excessive intraoperative bleeding. Figure  2.4 is an 
adaptation of a useful algorithm advocated by Tafur and Douketis for anticoagula-
tion bridging in the preoperative period [49].

2 Antithrombotic Management in Spine Surgery in the Elderly
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Bridging anticoagulation needed?

DOACs

Generally, do not bridge Risk factors for VTE*

Therapeutic LMWH BID 3 days
before surgery, last dose 24h

before surgery

Resume LMWH 2-3 days after
surgery; resume warfarin

postoperatively

Discontinue warfarin 5 days before
spine surgery

No risk factors for VTE*

Warfarin

Fig. 2.4 Algorithm for deciding whether to bridge warfarin with low molecular weight heparin 
(LMWH). Risk factors for venous thromboembolism from highest to lowest odds ratios of devel-
oping venous thromboembolism include expected major surgery (OR ≥ 10), spinal cord injury 
(OR ≥ 10) or major trauma (OR ≥ 10), previous deep venous thrombosis (2 ≥ OR ≥ 9), malig-
nancy (2 ≥ OR ≥ 9), chemotherapy (2 ≥ OR ≥ 9), paralytic stroke (2 ≥ OR ≥ 9), congestive heart 
failure (2 ≥ OR ≥ 9), hormone replacement therapy (2 ≥ OR ≥ 9), bed rest >3 days (OR ≤ 2), 
increasing age (OR ≤ 2), obesity (OR ≤ 2), and varicose veins (OR ≤ 2). VTE venous thromboem-
bolism, LMWH low molecular weight heparin [57]

 Intraoperative Anticoagulation

Intraoperative anticoagulation is an option for patients undergoing specific spinal 
procedures [58, 59]. The main risk in giving anticoagulants intraoperatively is 
bleeding. However, sometimes the risk of bleeding is predicted to be less than the 
risk of thrombosis. For example, anterior approaches to the lumbar spine are associ-
ated with iliac artery thrombosis secondary to the necessary retraction of arteries for 
exposure [58]. The incidence of iliac artery thrombosis is estimated to be as high as 
0.9% [60]. Though limited, existing data suggest that intraoperative heparin for 
anterior surgical approaches to the lumbar spine are not associated with increased 
bleeding and can be safely used to prevent iliac artery thrombosis [59]. Some stud-
ies have assessed the safety and efficacy of intraoperative heparin in preventing 
microvascular thrombosis during free flap procedures [61]. These data suggests that 
neither the incidence of microvascular thrombosis nor that of hematoma formation 
are significantly increased with the use of a single dose of unfractionated heparin 
intraoperatively [61]. While these data are based on analyses of patients undergoing 
free flap reconstructions and may not necessarily be applicable to typical spine sur-
gery patients, they do suggest that intraoperative heparinization with UFH can be 
safe for appropriately chosen patients. There is unfortunately no clear guidance to 
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date on indications, appropriate timing, and optimal dosing of intraoperative antico-
agulation for older adults during spine surgery when the risk of thrombosis is per-
ceived to be higher than the risk of bleeding.

 Postoperative Antithrombotic Therapy

Older patients who have just undergone spine surgery, especially those with malig-
nancies or movement-limiting neurologic deficits, are at moderate to high risk for 
venous thromboembolism [57]. Conservative measures are usually used as first-line 
treatment to prevent venous stasis and thrombosis [62–64]. The value of early 
ambulation and sequential compression devices (SCDs) in the early postoperative 
period cannot be overstated [62–64]. The North American Spine Society (NASS) 
guidelines for mechanical thromboembolism prophylaxis state that despite the lack 
of evidence for specific timings and durations, “… initiation of mechanical com-
pression just prior to or at the beginning of surgery and continuation until the patient 
is fully ambulatory is a reasonable practice” [65]. When these conservative mea-
sures are not sufficient to reasonably prevent thrombosis, antithrombotic therapy 
can be used. Recent studies have suggested that multimodal therapy with both 
SCDs, early ambulation, and aggressive anticoagulation in the early postoperative 
period was associated with decreased incidence of VTE without increased risk of 
bleeding [10]. It should be noted that the NASS does recommend cautious use of 
postoperative anticoagulation since many elective spine surgeries inherently have a 
relatively low risk for VTE. Indeed, some older adults may be healthy enough to not 
require postoperative antithrombotic therapy, but this decision should be made on a 
case-by-case basis. When required, the most common medications of choice for 
VTE prophylaxis in the immediate postoperative period are unfractionated heparin 
and enoxaparin [10, 54, 66].

It is also important to remain cognizant of common practices following spine 
surgery which may, in and of themselves, increase the risk for postoperative 
VTE. For example, steroids, often given to decrease swelling in the acute postopera-
tive period, have been associated with a 1.47 times increased risk of pulmonary 
embolism and 1.55 times increased risk of deep vein thrombosis in a sample of over 
94,000 neurosurgical patients [67]. The risk for VTE is even greater when spine 
surgery patients have underlying malignancies [57], have ambulation-limiting neu-
rologic deficits [10, 57, 68], or spend longer in the hospital [57]. Longer postopera-
tive stays are associated with worse outcomes, especially for older patients who 
tend to be less physiologically resilient and at high risk for delirium [69, 70].

The following sections will outline suggested algorithms for restarting antiplate-
let and anticoagulant medications following spine surgery. In other words, the rest 
of this section is dedicated to management of patients who had preoperatively used 
(or had preoperative indications to chronically use) a given anticoagulant or anti-
platelet. The best way to utilize this section, therefore, is to note which medications 
a patient was taking preoperatively and identify the suggested algorithm for restart-
ing that specific medication. In that way, all the following sections will not apply to 
every patient.

2 Antithrombotic Management in Spine Surgery in the Elderly
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Postoperative antiplatelet
managment

Aspirin only

Restart 8-10 days after
spine surgery

Only P2Y12 receptor
antagonist stopped

preoperatively

Restart P2Y12 receptor
antagonist once the risk of

bleeding is expected to be low

Case-by-case
management

Both agents stopped
preoperatively

Dual antiplatelet
therapy

Fig. 2.5 Algorithm for postoperative antiplatelet management

 Antiplatelets

Figure 2.5 depicts a suggested algorithm for restarting antiplatelet medications in 
the postoperative period for the older spine surgery patient.

 Aspirin (Acetylsalicylic Acid, ASA)

For spinal surgery, aspirin is recommended to be held for 8–10 days following the 
procedure [71], once the risk of significant bleeding has passed. For patients with 
bare-metal or drug-eluting stents, aspirin is usually continued throughout the peri-
operative period due to the significant risk for thromboembolism [71]. In the case 
that aspirin needs to be stopped for major spinal surgeries, decisions should be made 
on a case-by-case basis with medical and anesthesia colleagues, taking into account 
patient age, comorbidities, medications, extent of surgery, expected recovery time, 
duration of hospital stay, and socioeconomic factors which may influence compli-
ance with treatment or follow-up [71, 72].

 Clopidogrel and Other P2Y12 Receptor Antagonists

Clopidogrel and ticagrelor should be started as soon as the risk of postoperative 
bleeding is reasonably low [73]. Patients usually are taking these medications 
because they have a bare-metal or drug-eluting stent, and therefore have high risk of 
thromboembolism.
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Postoperative oral
anticoagulant managment

Warfarin

Decision not to bridge

Restart 24-72 hours
after spine surgery

Bridging with LMWH

Decision to bridge
Restart DOAC 48-72 hours
after surgery; case-by-case

decision on bridging

Restart warfarin 24-72 hours
after surgery. Start LMWH
24-48 hours after surgery.

Restart warfarin 24-72 hours
after surgery. Start UFH 

48-72 hours after surgery.

Bridging with UFH

DOACs

Fig. 2.6 Algorithm for postoperative anticoagulant management

 Oral Anticoagulants

Figure 2.6 depicts a suggested algorithm for starting oral anticoagulant agents in the 
postoperative period for the older spine surgery patient.

 Warfarin

Warfarin is recommended to be restarted 1–3 days after surgery [56]. While waiting 
to restart warfarin, patients can be bridged with prophylactic or therapeutic dose 
heparin compounds ≥24 h after surgery. Evidence has shown that foregoing bridg-
ing is non-inferior to bridging with low molecular weight heparin [56]. Still, the 
decision to postoperatively bridge back to warfarin with LMWH or UFH is often 
made on a case-by-case basis. If postoperative bridging is desired, surgeons can 
choose to start either therapeutic dose LMWH/unfractionated heparin 2–3  days 
after surgery or prophylactic dose LMWH/unfractionated heparin 1–2 days after 
surgery. The alternative is to also simply start warfarin 1–3 days after surgery with-
out heparin bridging [56].
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 Direct Oral Anticoagulants (DOACs)

DOACs can usually be restarted 2–3 days after surgery [74], during which time 
prophylactic anticoagulants can be used in the interim if patients are unable to 
ambulate or have other risk factors for thrombosis (i.e., active malignancy). Low- 
dose enoxaparin (40 mg) is commonly used for prophylaxis.

Studies suggest that DOACs have a lower bleeding risk than warfarin in the post-
operative period [48]. Moreover, compared to oral anticoagulants (DOACs and war-
farin), antiplatelet agents (heparin compounds) have been shown to carry an 
increased risk of intracerebral hemorrhage. DOACs have been associated with 
fewer deaths, cardiovascular events, hemorrhagic strokes, and hospitalizations with 
bleeding complications than warfarin [46].

 Heparin Compounds

Figure 2.7 depicts a suggested algorithm for starting heparin compounds in the post-
operative period for the older spine surgery patient. It is important to note that the 
NASS guidelines currently recommend mechanical prophylaxis and early ambula-
tion as first-line treatment for surgeries with low VTE risk, such as most elective 

Postoperative heparin
managment

Low risk of VTE High risk of VTE

Mechanical thrombopro-
phylasxis and early

ambulation
UFH

Start 24-72 hours after
spine surgery with careful

monitoring of patient’s
neurological status

Resume 24-72 hours after
procedure with careful
monitoring of patient’s

neurological status

LMWH

Fig. 2.7 Algorithm for postoperative heparin compound management
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procedures performed through a posterior approach [65]. For procedures with high 
risk of VTE, heparin compounds can be started to decrease risk of thrombosis. 
Some evidence exists to suggest that starting heparin immediately after spine sur-
gery was not associated with increased incidence of symptomatic epidural hemato-
mas [10]. At the same time, the NASS guidelines issue caution about use of heparin 
and enoxaparin following spine surgery due to the known reports of symptomatic 
epidural hematomas [65]. That said, UFH and LMWH are frequently used follow-
ing spine procedures in clinical practice. Ultimately, current evidence is conflicting 
regarding the use of postoperative heparin, but regardless, the decision to start anti-
thrombotic agents postoperatively should take into account patient age, comorbidi-
ties, extent of procedure, neurologic deficits, and any other risk factors for VTE or 
bleeding [57]. If heparin is started, the neurological exam must be carefully moni-
tored for the duration of the hospital stay [65].

 Unfractionated Heparin and LMWH

When the decision is made to use heparin compounds postoperatively, UFH and 
LMWH are typically started 24 h after surgery, or at the next scheduled dose [51, 
75]. They have short half-lives and fast onset. In the appropriate clinical context, as 
outlined above, UFH or LMWH can be used to bridge back to warfarin or DOACs 
in the postoperative period.

 Antithrombotic Management in the Emergent Setting

Elective spine procedures afford the surgical team time for gradual, controlled anti-
thrombotic management. Spinal emergencies due to myriad etiologies such as 
trauma and infection do not offer the luxury of time. As mentioned earlier in this 
chapter, many adults over age 65 take antiplatelet or oral anticoagulant agents 
chronically. For spine emergencies in the elderly, it is vital to identify any medica-
tions that have the potential to increase perioperative bleeding and develop efficient 
plans for management. This section will review management of antiplatelets and 
anticoagulants for older adults in need of urgent or emergent spinal procedures.

 Antiplatelets

 Aspirin

As aforementioned, many older adults take aspirin, at times, even without a pre-
scription by a physician. In the emergency setting, it is important to gather patients’ 
medication history and the last time at which they took their medications. If not 
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from the patient, this information should be sought from family members. In the 
case that no information is available about patient medication history, it is possible 
to perform platelet function assays, which easily assesses the extent of platelet func-
tion [76]. However, these studies may not be time-effective, especially in the acute 
neurosurgical setting.

Aspirin’s effects can typically be reversed with an infusion of platelets preopera-
tively [76].

 Clopidogrel

Similar to aspirin, it is important to identify whether the acute spine surgery patient 
is taking clopidogrel and, if so, the timing of the last dose. When this information is 
not available, clopidogrel’s effects can be measured using platelet aggregation tests. 
Again, such tests are not particularly time-efficient when patients require acute neu-
rosurgical intervention. Clopidogrel tends to lead to more platelet dysfunction than 
aspirin [76]. When clopidogrel reversal is needed, additional units of platelets may 
be required in the acute neurosurgical setting [76].

 Oral Anticoagulants

 Warfarin

Since warfarin works by inhibiting activation of vitamin K by vitamin K epoxide 
reductase, it prevents synthesis of coagulation cascade factors II, VI, IX, and 
X. Warfarin has a half-life of 36–42 h [77]. For this reason, simply stopping warfa-
rin immediately before a surgical procedure is often not sufficient to normalize INR 
in the urgent or emergent setting [78]. Likewise, administration of vitamin K itself 
is usually not enough to normalize INR before surgery since vitamin K takes 
12–24 h to take full effect [78]. Consequently, transfusion of activated coagulation 
cascade factors is frequently necessary. The volume of fresh frozen plasma (FFP) 
required to normalize INR in the setting of therapeutic anticoagulation with warfa-
rin may be prohibitively large [78, 79]. Therefore, for urgent or emergent spine 
surgeries, warfarin is typically reversed with prothrombin complex concentrates 
(PCC) [78, 79]. PCC can either contain four factors (four-factor PCC, factors II, 
VII, IX, and X) or three factors (three-factor PCC: factors II, IX, and X with small 
amounts of VII).

If surgery can be safely delayed for 6–12 h, intravenous infusion of vitamin K 
may be sufficient to normalize INR (INR  <  1.5) [79]. If surgery cannot be 
delayed, current guidelines recommend using 20–50 IU/kg of four-factor PCC 
with concomitant intravenous vitamin K (5–10  mg) for warfarin reversal [79, 
80]. Notably, there is a small risk of thrombotic complications following 
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warfarin reversal [79, 81]. That said, the risk/benefit profile for PCC should be 
weighed carefully based on each patient’s comorbidities, the extent of the planned 
surgical procedure, and the preoperative INR.

 DOACs

As previously mentioned, the DOACs predominantly work via inhibition of either 
factor II or factor Xa. The DOACs are not easily monitored or reversed, so quick 
planning for urgent/emergent DOAC management is challenging. Nevertheless, 
spine surgeons can still optimize the risk of perioperative bleeding and thrombosis.

DOACs have a faster onset and offset than warfarin, so it is important to confirm 
when patients took their last dose. DOACs achieve peak effects at 1–3 h, and they 
are cleared rapidly enough such that if surgery can be delayed by 8–12 h, no reversal 
agent may be necessary for major surgical procedures [77, 79]. Prior to urgent or 
emergent spine surgery, renal function should also be checked in patients taking 
DOACs. DOACs are all, to some extent, renally cleared. Especially in the setting of 
bleeding secondary to trauma, acute kidney injury can develop, thereby leading to 
accumulation of DOACs in the blood [77, 79]. Thus, estimating creatinine clearance 
is important to determine the extent to which DOAC clearance may be delayed.

Idarucizumab is, as its name suggests, a monoclonal antibody. It binds dabiga-
tran with high affinity. While expensive, it is the only non-vitamin K oral anticoagu-
lant reversal agent approved by the US Food and Drug Administration in the setting 
of urgent surgical procedures [77]. Idarucizumab is typically given as two boluses 
or infusions of 2.0–2.5 g doses at intervals less than 15 min apart [77]. In the United 
States, its efficacy is measured using the activated partial thromboplastin time 
(aPTT) or diluted thrombin time, though emergent procedures should not necessar-
ily need to be delayed to check these levels [77]. The major clinical trial assessing 
the efficacy of idarucizumab showed that the median time to maximum dabigatran 
reversal was within 4 h and that the median time from antibody infusion to surgery 
was 1.6 h [82]. Moreover, 93% of surgeons reported that hemostasis was normal 
during surgery [82]. About 67% of patients requiring urgent surgery restarted anti-
thrombotic therapy within 72 h of surgery [79, 82].

Chronic kidney disease (CKD) is associated with increased bleeding risk sec-
ondary to both uremic platelet dysfunction and accumulation of renally cleared 
DOACs, like dabigatran, in the blood [83, 84]. A subsequent reanalysis of data from 
the idarucizumab clinical trial further found that regardless of baseline renal func-
tion, idarucizumab completely reverses dabigatran [85]. After reversal with idaruci-
zumab, 94.4% of patients with severe renal impairment (CrCl <30 mL/min, n = 91) 
achieved normal surgeon-perceived hemostasis and 0% experienced any bleeding 
24 h postoperatively [85]. Comparatively, 93.6% of patients with normal baseline 
renal function (CrCl ≥80  mL/min, n  =  108) achieved normal surgeon- perceived 
hemostasis, and 2.1% experienced bleeding 24 h postoperatively [85]. Patients with 
severe renal impairment were found to experience re-elevation of dabigatran levels 
12–24 h after reversal [85]. Thus, in the setting of urgent or emergent spine surgery, 
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idarucizumab can reverse dabigatran in patients with renal impairment. That said, 
signs of bleeding should be carefully monitored in the postoperative period.

Andexanet is a recombinant factor Xa variant used to reverse the factor Xa antag-
onists, like rivaroxaban, apixaban, and edoxaban. Andexanet has been shown to 
effectively reduce factor Xa activity and allow for excellent or good hemostatic 
efficacy (defined for intracranial hemorrhage as excellent: ≤20% increase in hemor-
rhage volume at 12 h compared to 1 h, and good, ≤35% increase in hemorrhage 
volume at 12 h compared to 1 h) 12 h after administration [86]. With that said, 
andexanet is currently approved only for the purpose of reversing major bleeding 
associated with factor Xa inhibitors.

Ciraparantag is a small, synthetic cation which purportedly binds to all non- 
vitamin K antagonists as well as heparins and calcium channel chelators [77]. To 
date, clinical trials are still assessing its safety and efficacy in reversing edoxaban, 
LMWH, and UFH.

Since no direct reversal agents are currently approved for factor Xa inhibitor 
reversal in the setting of urgent or emergent surgical procedures, alternative meth-
ods of reversing anticoagulation have been considered. Current guidelines state that 
four-factor PCC is a viable option [77, 79, 87, 88], though the safety and efficacy of 
PCC for factor Xa antagonists have yet to be rigorously studied in the general popu-
lation, let alone among older adults [89]. Ultimately, while it may be feasible to 
reverse factor Xa inhibitors with PCC, the decision to do so requires consideration 
of both clinical context and the prospect of bleeding during surgery.

 Heparin Compounds

 Unfractionated Heparin

Generally, patients will only be taking UFH while in the hospital. Since UFH has a 
plasma half-life of 45–90  min, reversal of its anticoagulant effects can often be 
achieved by simply stopping UFH administration, even in the setting of emergent 
surgery [80].

Andexanet, the recombinant factor Xa variant from the previous section, has also 
been purported to reverse UFH. In the case that it is not possible surgery cannot be 
delayed while UFH is stopped, protamine sulfate has been approved for the reversal 
of UFH. Protamine is typically administered gradually at a dose of 1 mg protamine 
sulfate for every 80–100 units of UFH given in within 30 min, 0.5 mg protamine 
sulfate for every 80–100 units of UFH given in the last 30–60 min, and 0.25–0.35 mg 
protamine sulfate for every 80–100 units of UFH given more than 2 h ago [76]. By 
itself, protamine is an anticoagulant, so excess protamine can lead to increased 
bleeding [76]. It is therefore suggested to err on the side of less protamine when 
reversing UFH.
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 LMWH

LMWH has a longer half-life than UFH (4 h vs. 45–90 min), so its effects can some-
times be reversed by simple cessation of the agent. When surgery cannot be delayed, 
protamine sulfate can still be administered. Notably, protamine sulfate is less effec-
tive at reversing the effects of LMWH than UFH, and its safety and efficacy has 
only been demonstrated in small retrospective studies. When reversing LMWH, 
protamine sulfate is dosed at 1 mg for every 1000 units of LMWH given within 
4–8 h [76, 80]. Lower doses can be used if the last dose of LMWH was given longer 
than 8 h ago [80].

 Fondaparinux

To date, there is no FDA-approved reversal agent for fondaparinux. Importantly, 
protamine sulfate has no activity against fondaparinux. While recombinant factor 
VIIa has been given in the setting of major bleeding to attenuate the effects of 
fondaparinux [80], no studies to date have assessed safe and effective methods for 
agent reversal in the setting of urgent/emergent surgery, let alone among the older 
adult population specifically.

 Special Considerations

 Changes in Body Composition

Natural aging leads to changes in body composition, which must be considered 
when managing medications for the elderly prior to spine surgery. Notably, older 
adults tend to have a lower proportion of lean muscle and total body water, which 
ultimately leads to a relative increased proportion of total body fat [90, 91]. These 
changes alter the pharmacokinetics and pharmacodynamics of antithrombotic agents.

 Pharmacokinetics

Pharmacokinetics refers to the absorption, distribution, metabolism, and elimina-
tion of compounds which enter the body. As adults age, pharmacokinetics change 
based on alterations in body composition and physiologic function. The rest of this 
section will focus on age-related changes in the pharmacokinetics for antithrom-
botic agents important for spine surgery patients.
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 Absorption

To date, there is no consensus on the effects of aging on the absorption of most 
drugs [91], let alone antithrombotic agents. While studies have shown that older 
adults have decreased gastric enzyme secretion [92] and decreased intestinal absorp-
tion [93], the clinical implications of these changes are not yet clear. To date, there 
exists no standardized method of measuring drug absorption for older adults. Likely 
for that reason, studies assessing the clinical significance of drug absorption in 
humans have provided mixed results. Regardless, changes in absorption are unlikely 
to significantly impact clinical outcomes for older spine surgery patients [94].

 Volume of Distribution

The major pharmacokinetic change that occurs with aging is a decreased volume of 
distribution (VD) for water-soluble drugs [91] due to an increased relative proportion 
of total body fat. Among anticoagulants, warfarin and heparin are both relatively 
water-soluble and therefore have a low VD. For older adults, the VD of these medica-
tions becomes even lower, resulting in higher serum concentrations and increased 
risk for drug toxicity.

 Protein Binding

Warfarin is a polar, acidic compound which remains bound to albumin in vivo. As 
adults age, the production of albumin decreases. Theoretically, this could lead to 
higher serum levels of free warfarin and increased drug-drug interactions [91]. 
However, decreased protein binding has been shown to have minimal clinical sig-
nificance [95].

 Clearance

Reduced clearance is a major change associated with age. Clearance of most 
medications occurs through the liver or kidneys [94]. Reduced physiologic func-
tioning of these organs contributes to increased toxicity associated with these 
medications [94]. Anticoagulants differ in the organ by which they are cleared. 
For example, warfarin is primarily cleared by the liver, while all DOACs are at 
least partially cleared by the kidneys [90]. The rest of this section will discuss the 
effects of impaired hepatic and renal function on the clearance of relevant 
anticoagulants.
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 Hepatic Impairment

The liver produces several molecules vital for clotting and fibrinogenesis, including 
antithrombin III and the factors of the coagulation cascade. Patients with hepatic 
impairment have a decreased ability to produce these compounds. However, con-
trary to popular belief, patients with liver disease are not protected from thrombotic 
events. Patients with hepatic impairment are, in fact, at risk for both bleeding and 
thrombosis simultaneously [96]. Today, nonalcoholic fatty liver disease (NAFLD) is 
the most common cause of liver disease in the United States, with an estimated 
prevalence of 30–40% among US adults [97]. Patients with liver impairment sec-
ondary to NAFLD are likely to also have cardiovascular compromise associated 
with obesity and are at greater risk for hepatocellular carcinoma [97]—both risk 
factors for VTE [57] As most clinical trials studying the effects of oral anticoagu-
lants excluded patients with liver disease, management of oral anticoagulants for 
patients with liver disease is unclear.

 Renal Impairment

Among adults 60 years and older, 39.4% have chronic kidney disease (CKD) [98]. 
CKD, akin to liver disease, puts patients at increased risk for both VTE and bleeding 
[99]. The risk of VTE increases secondary to increased levels of procoagulant fac-
tors, potential treatment with erythropoietin analogs, and decreased levels of endog-
enous anticoagulant and fibrinolytic factors [99]. The risk of bleeding, on the other 
hand, is at least partially due to dysfunctional platelets secondary to uremic toxin 
accumulation [99]. The risk of bleeding increases when patients with renal impair-
ment take oral anticoagulants. In fact, patients with CKD are four times more likely 
to have an INR > 4.0 than patients without CKD [100], which significantly increases 
the risk of bleeding intra- and postoperatively. Risk scores have been used to predict 
the risk of bleeding following initiation of warfarin, including the HEMORR2HAGES 
and HAS-BLED scores (Table 2.1) [101, 102].

Among the DOACs, dabigatran has the largest extent of renal clearance [103]. 
Therefore, especially for spine surgery patients on dabigatran with CKD, glomeru-
lar filtration rate must be closely monitored throughout their hospital stay. 
Management of DOACs should consider the patient’s other comorbidities, other 
medications, need for dialysis, and extent of surgery.

Warfarin, though primarily cleared by the liver, exhibits decreased clearance 
among patients with CKD when compared to healthy controls [100]. The pharma-
cokinetics and pharmacodynamics of renally cleared anticoagulants are not well- 
established in patients with CKD receiving hemodialysis [104]. Moreover, 
consultation with anticoagulation services is important to assure individualized 
weight of risks and benefits for patients with CKD who are taking anticoagulants in 
the perioperative period [99].
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Table 2.1 Two alternative score-based guidelines: (a) HEMORR2HAGES and (b) HAS-BLED 
utilized to estimate the risk of bleeding following initiation of warfarin

HEMORR2HAGES score
H Hepatic or renal disease 1
E Ethanol abuse 1
M Malignancy 1
O Older age 1
R Reduced platelet count or function 1
R2 Rebleeding risk 2
H Hypertension 1
A Anemia 1
G Genetic factors 1
E Excessive fall risk 1
S Stroke 1
Maximum score 12
HAS-BLED score
H Hypertension 1
A Abnormal liver or renal function 1 or 2
S Stroke 1
B Bleeding 1
L Labile INR 1
E Elderly (age >65) 2
D Drugs or alcohol 1 or 2
Maximum score 9

Among antiplatelets, unfractionated heparin is preferred over LMWH com-
pounds when required for perioperative anticoagulation or bridging therapy in 
patients with CKD since UFH levels are easily monitored with the aPTT and the 
effects are easily reversible [99].

 Fall Risk

Falls are the most common unintentional cause of hospitalization for patients older 
than 65 years of age [105]. In fact, one fall doubles the risk of a subsequent fall 
[106]. For older spine surgery patients, the risk of falls is significant and must be 
considered when managing antithrombotic therapy. Patients taking antithrombotic 
agents are at risk of bleeding from even minor trauma. Pre-fall anticoagulation with 
warfarin has been associated with a sixfold increased fall-related mortality than no 
anticoagulation [107]. Furthermore, in a patient population in which osteoporosis/
osteopenia is a significant medical comorbidity, ground-level falls have the potential 
to cause extensive damage.
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Depending on presenting neurologic deficits, patients undergoing spine surgery 
could be at greater risk for falls than non-spine surgical procedures. However, there 
is no evidence to date to suggest that spine surgery itself is associated with 
increased falls.

 Diet

With age, dietary habits sometimes change. Older adults may alter their lifestyle to 
adjust to the social changes of retirement, their physical ability, and socioeconomic 
factors. The prevalence of depression peaks among older adults, which can further 
alter dietary habits. Older adults may also be on medications which have gastroin-
testinal side effects such that some foods are poorly tolerated, contributing more to 
changes in diet.

Among anticoagulants, warfarin pharmacokinetics are most likely to be associ-
ated with dietary intake. As mentioned earlier in this chapter, warfarin effectively 
decreases vitamin K activity. Increased vitamin K intake (perhaps via supplements 
or consumption of leafy green vegetables) can decrease the clinical efficacy of war-
farin [108]. Therefore, it is important for spine surgeons to discuss dietary habits 
with their older patients prior to surgery.

 Polypharmacy

Among the medications discussed in this chapter, oral anticoagulants have been 
most extensively studied with respect to polypharmacy. Warfarin is metabolized 
through the CYP450 system in the liver [109]. This makes it vulnerable to many 
drug-drug interactions [109, 110]. Specifically, the risk of bleeding is significantly 
greater for patients taking warfarin and any other medication with anticoagulant 
properties, including aspirin [111], nonsteroidal anti-inflammatory drugs (NSAIDs) 
[111], and selective serotonin reuptake inhibitors (SSRIs) [112]. Among adults aged 
65 years and older, the prevalence of major depressive disorder is approximately 
1–5% [113], though clinically significant symptoms of depression manifest in 15% 
of older adults [114]. Furthermore, the prevalence of depression is estimated to be 
10–12% among hospitalized older adult patients [114]. It is vital for spine surgeons 
to thoroughly review medications with their patient prior to spine surgery. The risk 
of bleeding when taking warfarin and one or more of these medications increases 
even in the absence of an increase in INR [110].

Several antimicrobials classically affect the function of warfarin through two 
mechanisms: (1) elimination of vitamin K-producing gut bacteria (minor) and (2) 
altering metabolism through the CYP450 system (major) [108]. Inhibitors of the 
CYP450 system like metronidazole, trimethoprim-sulfamethoxazole, and cipro-
floxacin tend to potentiate the anticoagulant effects of warfarin [109]. Inducers of 
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the CYP450 system, like rifampin, attenuate warfarin’s anticoagulant properties 
[109]. Spine surgery patients, especially when they have indwelling Foley catheters 
in the postoperative period, may develop urinary tract infections (UTIs) and require 
treatment with one of the aforementioned medications. UTIs in the setting of recent 
spine surgery necessitate a discussion about warfarin management.

Changes in thyroid function also alter INR. In patients with hyperthyroidism, for 
example, INR increases [110]. Therefore, patients with thyroid disorders on thyroid 
replacement medication (i.e., levothyroxine) or those on thyroid suppressant medi-
cations (i.e., methimazole) should be counseled to take those medications as directed 
by their endocrinologist. Furthermore, medications that alter thyroid function (i.e., 
amiodarone) must also be carefully managed during the perioperative period, usu-
ally with input from the physician prescribing the given medication [110].

Dyslipidemia is a chronic condition which predisposes cardiovascular disease. 
The prevalence of dyslipidemia, not surprisingly, increases with age [115]. Some 
older adults may be started on fibrates to lower triglycerides and increase HDL 
[115]. Spine surgeons should be cautious when managing perioperative warfarin for 
patients concomitantly taking fibrates, for fibrates have been shown to potentiate the 
effects of warfarin [110].

 Future Directions

This chapter provided approximate guidelines for antithrombotic therapy manage-
ment by medication. There has been immense progress in the understanding of the 
risks and benefits of antithrombotic therapy for older spine surgery patients. 
However, no standardized guidelines have garnered acceptance among spine sur-
geons to date, let alone management for older adults with multiple medical comor-
bidities. The American population is aging, and more adults are living with chronic 
medical conditions. Therefore, while it is challenging to perform randomized con-
trol trials to assess the effects of antithrombotic therapy on patient outcomes, devel-
oping standardized guidelines for spine surgery patients will be important for the 
future of spine surgery. Some potential directions for future work include random-
ized control trials (1) assessing the risks of bleeding versus thrombosis for intraop-
erative anticoagulation in patients undergoing lumbar spine surgery via anterior 
approaches, (2) comparing LMWH to UFH in perioperative anticoagulant bridging, 
and (3) identifying ideal antiplatelet management for older adults on dual antiplate-
let therapy for intracardiac stents.
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Chapter 3
Managing Multiple Medical Comorbidities

Sujatha Sankaran

 Pre-operative Risk Stratification and Communication of Risk

Pre-operative risk stratification in older adults helps to quantify the patient’s risk of 
perioperative complications. There are a variety of risk stratification tools that are 
used to quantify perioperative risk, but none are geriatric-specific. The American 
College of Surgeons National Quality Improvement Program (ACP-NSQIP) has 
created and validated a risk assessment tool that takes into consideration the surgery- 
specific risk of the procedure, and incorporates a number of patient-specific vari-
ables, including geriatric variables such as age, functional status, and nutritional 
status. The other variables also include risk factors that are more common in older 
adults, such as respiratory disease, heart failure, and disseminated cancer. The ACS 
NSQIP tool quantifies risk of any complication, serious complication, post-op 
infections, thromboembolism, return to OR, readmission, and overall mortality. 
Other risk stratification tools, such as the Revised Cardiac Risk Index (RCRI) and 
the Gupta risk assessment, focus more on risk of major perioperative cardiovascular 
adverse events such as myocardial infarction.

After risk is assessed, surgical teams should assess whether the patient has capac-
ity to make medical decisions about his or her care. Subsequently, surgical teams 
should discuss with patients and families their overall goals for treatment in the 
context of the patient’s life expectancy. Many spine procedures are performed to 
reduce pain, and a realistic discussion of the recovery trajectory is important to 
elucidate the rate at which pain control can be achieved and whether this is consis-
tent with the patient’s overall goals of care. Open communication and shared 
decision- making are essential components of this process.
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 Geriatric-Specific Risk Factors

There are a number of medical conditions that older adults are predisposed to and 
that increase risk of complications perioperatively. Older adults are more likely to 
have renal, cardiac, and pulmonary disease than their younger counterparts. There 
are four specific areas that should be assessed in older adults before spine surgery—
cognitive status, functional status, nutrition, and overall frailty.

Patients with cognitive deficits are more likely to experience delirium in the hos-
pital, which can in turn increase length of stay and lead to other post-operative 
complications. Cognitive function should be assessed prior to surgery, and patients 
with cognitive deficits should be referred to a geriatrician. Patients should be 
assessed for other conditions that predispose to cognitive deficits, such as hearing 
and vision loss, alcohol and other substance use, and side effects from 
medications.

Functional status is another important predictor of post-operative complications. 
Patients should be assessed for their ability to perform activities of daily living 
(ADLs), and a timed “up and go” test can be administered. This test measures the 
patient’s ability to get up from a seated position, walk 10 ft, turn around, and sit 
back in the chair. An up and go test that takes longer than 15 s is associated with 
increased risk of post-op complications, and these patients should receive pre- 
operative physical and occupational therapy, and early PT should be initiated 
post-operatively.

Nutrition is another important predictor of post-operative complications. 
Malnutrition risk increases as people age, and poor nutrition is associated with 
increased risk of post-operative complications. Nutritional status can be assessed by 
checking pre-albumin and albumin levels, taking a history on unintentional weight 
loss from patients, and measuring body mass indices. In some cases, pre-operative 
nutritional support can improve post-operative outcomes.

These individual predictors can be combined to estimate overall frailty. Studies 
have shown that four of the following risk factors increase 6-month mortality: cog-
nitive score of less than 3, albumin less than or equal to 3.3 g/dL, more than one fall 
in the last 6 months, hematocrit less than 35%, dependence with at least one ADL, 
and presence of at least three comorbidities.

 Age as a Risk Factor

Mortality risk increases linearly with increasing age, but the risk of a major adverse 
cardiovascular event only increases slightly with increasing age, and age is not a 
predictor of cardiac complications in patients receiving spine surgery. There is, 
however, a significant risk of increased pulmonary complications as patients age. 

S. Sankaran



53

Though age does increase risk of some post-operative complications, there is no 
evidence that increased age correlates with increases in mortality. When there is an 
increased mortality risk with increased age, this correlates with increasing numbers 
of comorbidities, such as cognitive and functional decline, malnutrition, and frailty.

 Obesity

Obesity in itself does not increase risk of post-operative mortality and most post- 
operative complications. Obesity does increase risk of perioperative deep venous 
thrombosis, pulmonary embolism, wound infections, mechanical ventilation, and 
overall hospital length of stay.

 Management of Diabetes

Release of neuroendocrine hormones perioperatively can cause hyperglycemia in 
patients with diabetes mellitus, and blood glucose levels should be monitored 
closely during the perioperative period in elderly patients receiving spine surgery. In 
addition, patients with diabetes have higher rates of coronary artery disease when 
compared to those without diabetes, so detailed cardiovascular pre-operative exami-
nation is important. The American Diabetes Association recommends post- operative 
blood glucose goals ranging from 80 to 180 mg/dL, though the data varies as to 
what an optimal target is for the perioperative period. Hypoglycemia below 70 mg/
dL should be avoided. For patients already on oral diabetes medication, SGLT 
inhibitors should be held 3–4 days prior to surgery, as these medications can increase 
risk of UTI, volume depletion, acute kidney injury, and diabetic ketoacidosis in the 
post-op setting. Other oral medications can be taken until surgery but should be held 
on the morning of surgery. For patients on insulin, daily or twice daily basal insulin 
should generally be given at normal doses, but prandial insulin should be held. For 
premixed fixed-ratio insulin, approximately 20% of the normal insulin dose should 
be given the night before surgery, and 50% of the normal insulin dose should be 
given on the day of surgery. For complicated regimens, pre-operative evaluation 
with the patient’s endocrinologist may be warranted. Post-operatively, most oral 
hypoglycemic and insulin regimens can be resumed once the patient is eating nor-
mally again. Metformin should be held if the patient has acute kidney injury or 
congestive heart failure, and SGLT-2 inhibitors should not be restarted in the hospi-
tal due to the risks of volume depletion and urinary tract infections. Patients who are 
receiving steroids are prone to hyperglycemia and may require higher doses of 
insulin.

3 Managing Multiple Medical Comorbidities



54

 Cardiac and Pulmonary Disease

Patients with advanced age who are receiving spine surgery have an increased 
chance of cardiac and pulmonary comorbidities, and should be evaluated thoroughly 
prior to surgery and risk stratified according to scoring systems such as the 
RCRI. Once risk stratification has taken place, discussions should take place with 
the patient and family members to discuss the relative risks and benefits of surgery. 
If the decision is made to proceed with surgery, on the day of surgery, ACE inhibi-
tors, angiotensin receptor blockers, mineralocorticoid antagonists, and digoxin can 
generally be held, while beta-blockers are generally continued pre-operatively and 
in the post-op period.

Studies have consistently shown that age increases risk of pulmonary complica-
tions from spine surgery, including post-op atelectasis, pulmonary infection, COPD 
exacerbations, and respiratory failure. Obstructive sleep apnea (OSA) increases risk 
of post-operative complications including hypoxemia, respiratory failure, need for 
mechanical ventilation, and transfer to the ICU, and all patients should be screened 
pre-operatively for OSA. COPD and pulmonary hypertension also increase risk for 
pulmonary complications from spine surgery, but there is no clear established 
increase in risk for pulmonary complications in patients with asthma.

 Venous Thromboembolism

Risk of post-operative deep venous thrombosis or pulmonary embolism is between 
0% and 15% in spine surgeries. Patients with coexisting malignancies have increased 
risk of perioperative thromboembolism. All patients over the age of 75 are consid-
ered at moderate or high risk for post-operative venous thromboembolism. All of 
these patients with low bleeding risk should receive pharmacological prophylaxis. 
Studies have shown superiority of low molecular weight heparin or unfractionated 
heparin for the prevention of venous thromboembolism, so unfractionated heparin 
should only be used for prophylaxis in patients who have a contraindication to low 
molecular weight heparin such as renal insufficiency. In patients who are at high 
risk for a bleeding complication for whom anticoagulant prophylaxis may be con-
traindicated, mechanical prophylaxis using intermittent pneumatic compression is a 
reasonable approach.

 Anemia

Older patients receiving major spinal surgery are prone to large amounts of blood 
loss. Patients should be transfused in the perioperative setting for hemoglobin levels 
greater than 7 or 8 g/dL.
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 Delirium

Post-operative delirium is an acute intermittent confusional state that is character-
ized by fluctuations in attention with or without cognitive changes that did not exist 
prior to surgery. Advanced age increases susceptibility to delirium, and in some 
studies, up to 62% of older patients receiving major surgery experienced delirium. 
Reversible causes of delirium include infection, electrolyte disturbances, uncon-
trolled pain, pre-existing dementia, medication side effects, and withdrawal from 
substances such as alcohol. Strategies to prevent post-operative delirium include 
non-pharmacological measures such as supplying aids to maintain sensory input 
such as glasses and hearing aids, reorientation and cognitive stimulation, and early 
mobilization. Medications that increase risk of delirium and should be avoided 
include benzodiazepines, anticholinergics, and opioids, though uncontrolled pain 
can also cause delirium, so opioid treatment may be necessary. If a patient is severely 
agitated due to delirium, reversible causes have been addressed, and non- 
pharmacological interventions such as redirection have failed, it is appropriate to 
treat with small doses of antipsychotic medications such as haloperidol. 
Benzodiazepines are not recommended in the setting for elderly patients, as they 
can worsen confusion and are sedating.

 Pain Management Before and After Surgery

Pain management for patients receiving spine surgery may be challenging, as many 
of these patients are opioid-tolerant and have chronic pain. In addition, opioids have 
the potential to incite delirium and confusion in elderly patients, but poor pain con-
trol can also cause delirium, so thorough patient evaluation is essential. Multimodal 
analgesia, combining non-opioid medications with opioid medications for pain con-
trol, is an integrated approach that can improve overall pain management. Ketamine 
can be an effective adjuvant pain medication in patients who are opioid-tolerant. 
Gabapentinoids such as gabapentin and pregabalin are also an appropriate medica-
tion class that can decrease opioid requirements for post-op spine patients, but can 
also cause sedation and respiratory depression, so caution should be exercised when 
using these agents in elderly patients. Acetaminophen has a small but statistically 
significant benefit in pain control for patients who have undergone spine surgery, 
and has a favorable side effect profile. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) are relatively contraindicated in many spinal procedures due to risk of 
nonunion, so discussion between anesthesiologist, internal medicine consultant, 
and spine surgeon in the pre-operative setting is important to establish whether 
these agents can be safely used for individual patients. In the post-operative setting, 
it is important to taper down opioid pain medications and to provide patients with a 
continuing tapering schedule on discharge from the hospital. Patients should be 
advised about the risk of opioid overdose and side effects, and if a patient is 
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discharged on greater than 90 oral morphine equivalents, he or she should receive 
intranasal naloxone and teaching of patient and family members on how to admin-
ister it in the case of opioid overdose.

 Smoking, Alcohol, and Substance Use

Smoking increases risk of post-operative complications, including overall morbid-
ity, wound infections, general complications, and pulmonary complications. 
Tobacco cessation interventions should be offered to all smokers, and there is evi-
dence that the longer an individual is not smoking for, the greater the benefit. 
Alcohol misuse also is associated with increased risk of post-operative complica-
tions, including surgical site and general infections, cardiopulmonary complica-
tions, prolonged length of stay, increased ICU days, and higher rates of unexpected 
returns to OR. While there is little evidence that alcohol cessation pre-operatively 
decreases risk, there is little harm, so is a reasonable approach. It is also important 
to obtain a thorough substance use history, as this may reveal opioid use disorder, 
stimulant use disorder, or other substance use disorders that could affect the post-op 
course in areas such as pain management and risk of withdrawal from substance use.

 Post-operative Disposition

Older patients who receive spine surgery often require prolonged inpatient stays 
and, in some cases, ICU-level care. Up to 10% of patients who have received lumbar 
spinal fusion have been shown to require care in an ICU, and patients who are older, 
are male, and have other comorbidities and more prone to post-operative complica-
tions require hospitalization. Procedures that take longer than 5 h and that require an 
anterior thoracic approach are associated with higher lengths of stay in the hospital. 
In addition, older patients who receive spine surgery have an increased risk of dis-
charge to a healthcare facility other than home for recovery. This recovery period at 
a facility helps to provide consistent physical therapy, mobilization, and fall preven-
tion to facilitate eventual discharge home.

 Conclusions

Older adults undergoing spinal procedures often have multiple comorbidities that 
predispose them to longer hospital lengths of stay and post-operative complications. 
The effects of many of these complications can be mitigated by thorough pre- 
operative evaluation and communication between primary care physicians, the sur-
geon, and other consultants. It is paramount that the risks and benefits of surgery are 
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explained in a thorough manner with patients and families to ensure that they are 
making informed decisions about pursuing surgery and have a realistic sense of 
what the surgical and post-operative course will entail. Understanding patient pri-
orities, providing comprehensive information with all options presented in a clear 
fashion, and consistent communication are essential to ensuring that older patients 
achieve success when receiving spine surgery.
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Chapter 4
Anesthetic Concerns for Spinal Surgery 
in the Elderly

Priscilla Nelson and Philip C. Kuo

 Introduction

Geriatric patients can benefit significantly from spinal surgery, particularly for 
degenerative diseases. Surgical management of spinal pathology can lead to 
improved quality of life with a similar complication profile compared to younger 
patients [1–3]. Furthermore, studies have demonstrated that the improved cost- 
effectiveness of operative management was similar for both primary and revision 
surgery [1–3]. However, there are additional studies, some of which are based on 
nationwide representative samples, presenting conflicting information, which sug-
gests that complications, reoperations, and readmissions may be significantly higher 
in elderly patients [4–7]. Given the potential for increased complications, periopera-
tive optimization is warranted in the geriatric population. This requires a focused 
approach to each phase of surgical patient care.

 Age-Related Physiologic Changes

Aging involves multiple biologic pathways impacting the molecular, biologic, and 
organ-level mechanisms (Table 4.1) [8]. The initial workup of the geriatric patient 
is performed, keeping these differences in mind.
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Table 4.1 Age-related physiologic changes and perioperative considerations by organ system

System Physiologic changes Perioperative considerations

Central nervous Decreased brain weight and 
volume

Preoperative cognitive assessment

Decreased cerebral blood flow 
and cerebral oxygen 
consumption

Prehabilitation

Blunted autonomic neural 
response

Postoperative delirium prevention and 
screening

Lowered threshold to 
neurodegeneration

Cardiovascular Loss of myocytes with increase 
in myocyte volume

Preoperative cardiac clearance when 
indicated

Myocardial and large vessel 
stiffening

Maintenance of intraoperative 
normotension to assure appropriate 
perfusionDecreased sympathetic tone

Myocardial conduction 
abnormalities

Respiratory Weakening of respiratory 
musculature

Critical airway protection and 
management

Increased chest wall rigidity Judicious titration of opioid analgesics
Blunted central responses to 
physiologic changes
Decreased cough and airway 
protection
Increased closing capacity

Renal Cortical tissue loss Close attention to volume management 
needed as physiologic volume 
adjustment impaired

Decreased glomerular filtration 
rate

Hepatobiliary/
gastrointestinal

Decreased liver size Hepatically cleared drugs will have 
longer half-life

Decreased blood flow Decreased overall nausea and vomiting
Cutaneous/
muscular

Loss of muscle mass Environmental temperature regulation
Impaired temperature regulation Positioning changes to prevent pressure 

points
Prehabilitation

 Central Nervous System

Aging in the central nervous system can lead to numerous challenges, including 
cognitive decline, memory loss, dementia, movement disorders, depression, sleep 
challenges, and increased risk of delirium [9]. Aging does not change the number of 
neurons; however, it does lead to decreased synapses and fewer dendrites, which 
leads to decreased brain volume [9]. Age-related changes in neuronal transmission 
and firing, calcium metabolism, and gene expression alter connectivity and 
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cognitive plasticity [9]. Such alterations can contribute to postoperative delirium 
and postoperative cognitive dysfunction, which can impact upwards of 10% of geri-
atric patients in the postoperative period.

 Cardiovascular

Aging of the circulatory system leads to arterial stiffening, changes in sympathetic 
tone, alterations of baroreceptor function, loss of elasticity in the myocardium, and 
conduction system abnormalities. These changes also put the geriatric patient at a 
higher risk of venous thromboembolism. The loss of elasticity in the vasculature 
leads to a dependence on preload, and small decreases in circulating blood volume 
can lead to a significant drop in cardiac output. In spinal cases where moderate to 
large volumes of blood loss are expected, one may see significant cardiovascular 
decompensation. Cardiac arrhythmias like atrial fibrillation can also lead to a drop 
in cardiac output because of the lack of atrial kick. The ability of the heart to deal 
with autonomic changes also decreases with age.

 Respiratory

The geriatric respiratory system is less compliant, with weaker musculature, and a 
higher incidence of pulmonary pathology. There is a blunted central response to 
hypercapnia and hypoxia, which leads to an increased risk of anesthetic-induced 
respiratory depression. A decrease in pharyngeal tone, ability to clear secretions, 
mucociliary transport, and cough reflex can lead to a higher risk of aspiration and 
pneumonia postoperatively. Additionally, closing capacity, the critical lung volume 
during expiration at which airway closure can be detected, increases with age lead-
ing to higher risk for atelectasis and age-related decrease in oxygenation due 
to shunt.

 Renal

After age 40, the kidney begins to decrease in size and weight, mainly due to glo-
merulosclerosis [8]. This results in a decrease in the glomerular filtration rate. Many 
common chronic diseases hasten this reduction. While most elderly patients have a 
normal creatinine level, their muscle mass and overall creatinine are less. As a 
result, a normal creatinine should be viewed with caution in the context of the indi-
vidual older patient. The older patient may also have a decreased ability to adjust 
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volume status, which may result in acid-base alterations. This is coupled with a 
decrease in serum renin, renin activity, and aldosterone and alterations in sodium 
excretion. Due to the inappropriate sodium excretion, hypovolemia can result in 
hypotension and acute kidney injury [10].

 Gastrointestinal

Aging leads to a decrease in hepatic blood flow and hepatocytes, yet despite this, the 
liver retains normal synthetic function. Drugs that are dependent on hepatic blood 
flow for clearance like ketamine, fentanyl, morphine, and lidocaine may, however, 
have a longer-acting effect. The incidence of postoperative nausea and vomiting 
decreases with age.

 Musculoskeletal and Cutaneous

Lean muscle mass decreases while total body fat increases with age. Even short 
periods of bedrest result in significant loss of muscle mass. One study showed that 
older individuals placed on bedrest for 10 days had greater muscle loss than their 
younger counterparts who were placed on bedrest for 28 days [11]. It is critical to 
engage physical therapy to prevent muscle loss in the perioperative period. 
Temperature dysregulation in cold operating rooms can occur quickly from a 
decrease in the amount of subcutaneous or insulating fat. There is also dysregulation 
of the cutaneous microcirculation, which can lead to poor wound healing. Finally, 
positioning the patient from supine to prone or extending the neck for good surgical 
access and exposure can be challenging as older adults have limited joint mobility 
because of the high prevalence of osteoarthritis. It is important to document preop-
eratively the patient’s range of motion to not worsen preexisting joint conditions.

 Preanesthetic Consultation

For the geriatric patient, the preoperative assessment follows the same standards of 
care with additional attention to frailty, functional status, polypharmacy, cognitive 
ability, and risk of delirium postoperatively [7, 12]. The American College of 
Surgeons has established a best practice guideline to aid in preoperative manage-
ment of the geriatric patient [13, 14].
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 Frailty

Frailty is a relatively new concept that tries to capture an individual’s reserve to 
physiologic stress. Physiologic reserve can be conceptualized as a decline in organ 
systems that leads to a physiologically vulnerable state. In spinal surgery, frailty 
index independently correlates with multiple adverse surgical events [15–17]. 
Further, frailty has been correlated with increased risk of delirium in surgical 
patients [18, 19].

 Prehabilitation

Prehabilitation has been demonstrated to improve surgical and patient-reported out-
comes and can decrease length of stay in spine patients with results based on ran-
domized controlled trials [20, 21]. Such prehabilitation involves participation in an 
intensive exercise program and optimization of analgesic treatment [21, 22]. Of 
note, elderly patients were included in the study groups, and as a result, the findings 
can be applied to this cohort. A detailed understanding of prehabilitation in elderly 
patients, though, is lacking and requires further examination with an increased sam-
ple size.

 Cognition and Dementia

It is important to obtain baseline cognitive status as this helps to stratify patients 
who are at risk for delirium after surgery. Upwards of 20% of patients over the age 
of 65 have some form of cognitive impairment [23]. Although many clinicians are 
hesitant to discuss cognition with patients, patients are generally accepting of the 
screening [23]. Some of the tests that can be administered quickly with good sensi-
tivity are the MiniCog [24], Montreal Cognitive Assessment (MoCA) [25], Mini- 
Mental State Exam (MMSE) [26], Clock-drawing Test and [27], Cognitive Disorder 
Examination (CODEX) [9, 28]. Studies have shown that patients with impaired 
cognition preoperatively are at higher risk for delirium postoperatively, so it is 
important to establish a baseline of their cognitive function [29]. Such patients with 
preoperative impairment are also less likely to return home after surgery, requiring 
a significantly higher level of care [30]. Screening can help risk-stratify elderly 
patients to aid with decision-making.

4 Anesthetic Concerns for Spinal Surgery in the Elderly



64

 Medication Management

Identification of medications taken by the geriatric patient is considered best prac-
tice and can avoid polypharmacy and identify potential drug interactions. It is 
important to avoid medications listed on the American Geriatrics Society’s Beers 
Criteria for Potentially Inappropriate Medication Use in Older Adults [31]. Some of 
the medications we routinely use as part of a standard anesthetic may be inappropri-
ate in the elderly patient [9]. They include anticholinergics like diphenhydramine, 
scopolamine, and hydroxyzine, which increase the risk of confusion. The older 
patient can be more sensitive to benzodiazepines as the metabolism of these drugs 
may be slower. Benzodiazepines, which are commonly used as premedication for 
anxiety, can put the elderly patient at increased risk of delirium, cognitive impair-
ment, and falls in the postoperative period.

 Intraoperative Management

Once a preoperative assessment has been done, the task of the anesthesiologist is to 
design an intraoperative plan that is unique to the needs of the older individual. The 
main goals of any intraoperative anesthetic are the same: analgesia, amnesia, akine-
sia, and hemodynamic stability. Temperature regulation in the geriatric patient is 
also critical. Given the heterogeneity found in the geriatric population, it is difficult 
to make broad statements regarding intraoperative management, and as such indi-
vidualized care must be provided.

 Anesthetic Techniques: General and Regional Anesthesia 
and Monitored Anesthesia Care

Most spine cases require general anesthesia with an endotracheal tube and prone 
positioning. However, given the increase in minimally invasive surgery, non-general 
anesthesia alternatives such as neuraxial (regional) anesthesia and monitored anes-
thesia care with local anesthesia are at times utilized in certain institutions. No spe-
cific anesthetic technique has been shown to decrease the incidence of delirium, 
postoperative neurologic disorders, or cognitive dysfunction [9].

The standards for monitored anesthesia care (MAC) are the same as those under-
going general anesthesia. However, because of the lack of reserve, older patients are 
extremely susceptible to airway obstruction, hypoxia, hypercarbia, and aspiration. 
Progression from a light plane to a deep plane of anesthesia may occur suddenly and 
quickly. Deep sedation during procedures where older adults were given neuraxial 
anesthesia as the primary anesthetic was associated with higher mortality [32].
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 Depth of Sedation

The American Society of Anesthesiology new Brain Heath Initiate suggests using 
age-adjusted concentrations of inhaled anesthetics and using processed EEG to 
titrate and maintain anesthetic depth [33]. The goal of depth of anesthesia monitors 
is to avoid excessively deep planes of anesthetics that can result in low blood pres-
sure and hemodynamic instability.

 Hemodynamic Perfusion Monitoring

In spinal surgery patients, hemodynamic monitoring can be monitored through 
invasive or noninvasive techniques. Typically, at our institution, an arterial line is 
utilized to monitor minute-by-minute variations in blood pressure, with an external 
blood pressure cuff utilized to also allow for correlation. Pulse and tissue oxygen-
ation monitoring can be performed with a variety of pulse oximeters, some of which 
can also guide fluid management.

Perfusion monitoring is critical for several reasons in the geriatric patient. 
Primarily, maintaining appropriate cerebral perfusion is critical, as the geriatric 
patient can have decreased cerebrovascular reactivity [34]. Given this decreased 
reserve, transient periods of hypotension can result in downstream defects, which 
may not be seen in younger individuals who have a more appropriate cerebral dila-
tory response to hypotension. Secondarily, maintaining appropriate peripheral per-
fusion as well as cord perfusion is critical to surgical outcomes. Hypotension should 
be treated in standard fashion, with prudent use of fluid administration and use of 
vasopressor agents, keeping in close communication with the surgeon to determine 
if the perfusion is related to blood loss or due to the vascular impact of anesthetic 
agents. Blood pressure goals should be set based on the geriatric patient’s preopera-
tive state.

 Intraoperative Neurophysiological Monitoring

Intraoperative neurophysiological monitoring is standard of care in spine surgery 
and does not change for geriatric patients [35, 36]. Cerebral monitoring can be per-
formed with numerous monitors, but at our institution, we use the bispectral index 
monitor (BIS monitor) or the SedLine index (Masimo monitor) [37–40]. These 
monitors allow for the assessment of depth of anesthesia. Neuronal transmission 
monitoring is performed by examining the integrity of the nervous system with a 
combination of EMG, MEPS, SSEPs, and EEG, depending on the procedure. A 
multimodal approach has been shown to be more effective and accurate when 
possible [41], although there is significant heterogeneity of available studies 
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examining the utilization of intraoperative neurophysiological monitoring in spine 
surgery [42].

 Postoperative Management

The goals of postoperative anesthetic care include adequate pain control and pre-
vention of common geriatric-associated adverse events. The American College of 
Surgeons has established a best practice guideline for the care of the geriatric sur-
gery patient, which includes a checklist to enhance the prevention of delirium, 
pulmonary complications, falls, postoperative urinary complications, and pressure 
ulcers and improve care transitions [14]. These are not specific to only spine sur-
gery cases; the overarching principles and concepts can be broadly applied. There 
are no specific recommendations for the geriatric patient in the postanesthesia care 
unit; however, additional attention should be placed on the increased risk for desat-
uration and aspiration [9]. Pain control must be carefully administered to ade-
quately control pain while minimizing the possibility for oversedation, ideally 
employing a multimodal approach. Long-acting opioids and gabapentin should be 
avoided.

 Screening for Delirium

Delirium prevention is a critical aspect of postoperative geriatric care, as delirium 
can impact upwards of 40% of older patients undergoing spine surgery [43]. This is 
most successful when utilizing a multidisciplinary approach that focuses on behav-
ior restoration and not pharmacologic management of delirium. One such program, 
the Hospital Elder Life Program (HELP), has components that focus on reorienta-
tion, mobilization, and restoration of normal sleep cycles and has been shown to 
improve related outcomes and be cost-effective in non-spine surgery [44, 45]. 
Preventing delirium is of particular interest given the association of delirium with 
numerous downstream adverse outcomes, including worse cognitive outcomes and 
increased risk of dementia [46, 47]. Postoperative delirium has been associated with 
a longer and more costly hospital course, increased risk of institutionalization, func-
tional decline, and higher likelihood of death at 6  months postoperatively [48]. 
However, other studies suggest that delirium may be related to early cognitive dys-
function, but not a later impact [49, 50]. At least one recent study has suggested that 
longer-term postoperative cognitive dysfunction (POCD) may be a different process 
related to neurocognitive deficits [50].

P. Nelson and P. C. Kuo



67

 Postoperative Cognitive Dysfunction

Postoperative cognitive dysfunction (POCD) is a memory or thinking impairment 
that has been corroborated by neurophysiologic testing [51, 52]. Postoperative 
delirium is an independent risk factor for cognitive dysfunction [47], which can 
have a major impact on postoperative quality of life. It is a broad area of current 
research given the continued aging of the population and the impact that surgical 
events can have on cognition. Numerous recent studies have begun to dive deeper 
into this topic in spine surgery, both from the risk standpoint and the treatment. A 
recent systematic review suggests that in noncardiac surgery, a significant propor-
tion of patients demonstrate POCD in the early weeks postoperatively, but that 
minimal evidence exists linking the continuation to long-term dysfunction [53].

 Management Strategies

A recent randomized controlled trial examining general anesthesia compared to a 
combined anesthetic with general and epidural anesthesia in lumbar decompression 
and fusion patients demonstrated that the treatment cohort had less pain and less 
cognitive dysfunction in the first 48 h compared to general anesthesia alone [54]. 
Systematic reviews that have compared general anesthesia to regional anesthesia, 
however, have not found conclusive differences [55, 56]. Other randomized studies 
have suggested intravenous lidocaine infusions may improve postoperative cogni-
tion at 3 days based on the mini-mental status exam [57] and that anesthesia with 
inhalational agents compared to intravenous agents may also contribute to higher 
rates of postoperative cognitive challenges [58]. Generally speaking, this is an area 
of active research currently lacking a detailed understanding.

 Conclusions

Geriatric spine surgery patients have a unique perioperative physiologic profile and 
require additional preoperative workup and focused management postoperatively. 
Such patients are at particularly high risk for postoperative delirium, which is best 
managed through a multidisciplinary, non-pharmacologic approach. Further 
research on the impact of frailty on perioperative outcomes and prehabilitation 
impact in geriatric patients is warranted given the importance of these two concepts.
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Chapter 5
Spinal Prehab/Rehab in the Elderly

Leroy R. Lindsay, Heidi Chen, and Jaspal R. Singh

Back pain is the largest contributor to disability, impaired function, and decreased 
quality of life reported by older adults [1, 2]. While the ubiquitous nature of back 
pain has led to a myriad of treatment interventions, there remains an opportunity to 
optimize patients before surgery and assist with their recovery [3]. Notably, elective 
surgeries for degenerative spine pathology are still associated with lengthy hospital 
stays, increased rate of repeat surgery, and increased risk for developing postsurgi-
cal complications [4]. Moreover, many patients having elective procedures have 
modifiable risk factors that contribute to these complication rates and increased 
“episode-of-care” spending [3]. Lastly, many older adult patients do not achieve the 
level of function expected due to a confluence of factors. These elements under-
scored the importance of preoperative optimization and specific postoperative reha-
bilitation pathways [3, 4].

Many rehabilitation outcome measures attempt to standardize the reporting of an 
individual’s functional status. The metrics aim to assess functional deficits com-
monly related to low back pain. These assessments help therapists identify physical 
deficiencies and tailor treatment plans for every patient. Despite the complex nature 
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of these tools, many of these measures fail to include nutrition, psychosocial fac-
tors, and other medical conditions, which also contribute to an individual’s func-
tional capacity [5].

In order to improve functional outcomes after spine surgery, healthcare delivery 
models must move away from physicians operating in silos to a more interdisciplin-
ary construct [4, 6]. Typically, rehabilitative care for spine conditions attempts to 
maintain and improve function while avoiding more invasive interventions. 
However, if surgical intervention is necessary, the focus of rehabilitation shifts to 
regaining function. This problem-based approach has its limitations which are fur-
ther amplified in older adults. Instead, pre-rehabilitation followed by a surgical 
intervention and continued rehabilitation services is being explored in an attempt to 
maximize function while decreasing cost, length of stay, morbidity, and mortality. 
This care model has been limited as it requires significant amounts of coordination 
of care, and represents a paradigm shift in how healthcare is delivered. While this 
model has been considered in many surgical subspecialties (cardiac surgery, trans-
plant surgery), little has been done to develop a dedicated pathway for spine care. 
The older adult is especially vulnerable as it is well-established that their assess-
ments, interventions, and expectations are different from those of a younger health-
ier cohort. Providers should be aware of changes to body systems that may render 
older adults susceptible to persistent pain, physical activity decline, and physical 
function decline. Spine pre-rehabilitation and early rehabilitation after surgery for 
older adults must consist of appropriate assessments, optimization, and appropriate 
interventions [7].

With these concepts in mind, we return to the paradigm shift of incorporating 
prehabilitation to the early recovery after surgery protocol (ERAS) following spine 
surgery. Carli and Zavorksy presented a multimodal prehabilitation program for the 
elderly prior to any surgery including endurance, strength, flexibility, and nutrition 
for a minimum of 4 weeks up to 3 months. Specific recommendations regarding 
endurance and strength training are delineated in Table 5.1. They advocate for an 
endurance program duration of 3 months as it has been shown to provide a clinically 
meaningful increase in VO2max, reduction in blood pressure, and increase in vagal 
tone. Additionally, progressive increase from moderate to vigorous exercise inten-
sity encourages angiogenesis in fast-twitch muscle fibers which subsequently 
improves oxygen transport. Nutrition recommendations call for consumption of 
~560 kcal of carbohydrates approximately 3 h prior to exercise to improve glycogen 
storage and immediate consumption of ~200  kcal protein-carbohydrate within 
30 min of weight training to promote muscle hypertrophy via protein synthesis.

Currently there is dearth of research on the benefits of prehabilitation on patients 
undergoing spinal surgeries. In a study by Nielsen et al., 28 patients underwent a 
prehabilitation program consisting of a 30-min home exercise routine focused on 
muscular strength for back and abdomen and cardiovascular conditioning daily for 
6–8 weeks prior to lumbar surgery which resulted in improved function measured 
by the Roland-Morris scale, reached postoperative milestones quicker than the con-
trol patients, and had shorter length of stays in the hospital. However, objectively sit 
to stand and timed up and go scores did not significantly differ between the 
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Table 5.1 Recommendations for a 3-month endurance and strength training program prior 
to surgery

Intensity Duration Considerations

Endurance Aerobic exercises 
(walking, 
jogging, 
swimming, 
cycling, rowing, 
dancing)

Moderate intensity 
(45–65% of 
maximum heart 
rate)

30–50 min, four 
times a week

Periodic high- 
intensity interval 
training (~90% of 
maximum heart rate)

Strength 8–10 exercises for 
major muscle 
groups

Four sets per 
exercise with 
vigorous intensity 
(80% maximal 
resistance)

2 nonconsecutive 
days per week with 
at least 72 h between 
sessions

Use weight 
machines before 
progressing to free 
weights

For the more frail 
adult: four sets of 
exercise with 
moderate intensity 
(60% maximal 
resistance)

intervention and control groups. A more recent single-blinded, randomized control 
trial (PREPARE) evaluated the effects of prehabilitation program with physical 
therapy intervention two times per week for 9 weeks in addition to a recommended 
home exercise program prior to spine surgery compared to a group who awaited 
surgery. Each program was customized to each patient’s ailment with physical ther-
apy, a supervised exercise program, and a behavioral approach to reduce fear and 
improve activity level. The exercise program included 10-min intervals of cardio-
vascular exercise in the beginning, middle, and end of each session in addition to 
5–6 exercises based on the patients’ function, posture, and functional status with the 
posology of 15 repetitions in three sets. The goal intensity level was moderate [8]. 
Both groups followed a post-surgery rehabilitation program which included pos-
tural and gait training. Following outpatient therapy, home exercise program as well 
as a walking program was continued after discharge and advanced after 6 weeks [8]. 
Initial results from the PREPARE trial showed improvement in patient-reported 
outcomes including back pain, decreased anxiety, fear avoidance behavior, and 
physical activity prior to spine surgery; however, outcomes post-surgery were no 
different except for continued increased physical activity [8]. Secondary results and 
analysis from the PREPARE showed that individuals in the intervention group who 
underwent at least 12 treatments had significantly improved gait speeds, quadriceps 
femoris strength measured by dynamometer just prior to surgery, and self-reported 
level of physical activity and walking distances (Fors).

At present, prehabilitation shows some evidence of measurable improvement 
prior to surgery and in postsurgical outcomes. With that said, there is not enough 
evidence to definitively state that prehabilitation can be used to promote ERAS 
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following spinal surgery. More research is required at this time regarding prehabili-
tation studies in the elderly undergoing spine surgery.

A battery of assessments can evaluate the modifiable mobility, balance, strength, 
and endurance deficits commonly found with spine pathology in the older adult 
population. The following are commonly used outcomes measures used in both the 
prehabilitation and postoperative groups.

The timed up and go (TUG) assesses mobility, balance, walking ability, and fall 
risk in the elderly. A score is created by measuring the time it takes for an individual 
to rise from an upright seated position in a chair, ambulate 3 m, and return to their 
starting position. While TUG is sensitive to detecting decreasing mobility in the 
elderly, it is nonspecific regarding which aspect of mobility is lacking in the tested 
individual limiting its utility in designing a rehabilitation program for an individual. 
There is however evidence that geriatric rehabilitation can improve mean TUG 
score from 31.9 to 21.2 [9].

The Berg Balance Scale is a battery of 14 items that assesses static balance in the 
adult population. Each item is scored on a scale 0–4 for a total of 0–56 points. 
Various studies have found different cutoffs for scores that may indicate a greater 
risk of falling with one studying finding a score <40 was associated with a near 
100% fall risk and another found that within a nursing home population, a score <47 
was associated with increased risk for falling [10, 11]. Limitations include no clear 
consensus in the interpretation of the BBS scores and the amount of time it takes to 
administer the test.

The handheld dynamometer is a device used to measure the strength produced in 
the hand and forearm by measuring force production in pounds or kilograms; this is 
measured as a mean of three trials. However, limitations include use of a standard-
ized test position to avoid alteration of grip strength, and there is some evidence that 
grip strength does not correlate with lower limb strength and functional capacity 
particularly in elderly women [12].

While the dynamometer provides a direct measurement of upper limb strength, 
the five times sit to stand evaluates lower extremity strength by measuring the time 
that it takes for a patient to rise to a standing position from a seated position five 
times. This has been used as a screening tool to assess fall risk in the elderly with 
scores greater than or equal to 12 [13, 14]. Normative values for age-matched com-
parisons are available [15]. This test also has good test/retest reliability [13]. As this 
is not a direct measure of force production, Bohannon et al. showed in 2010 [16] 
that performance of this test is more reflective of lower limb strength particularly 
knee extension when compared to other variations of this test such as the 30-s sit to 
stand test.

Current methods for evaluating endurance during rehabilitation involve the 
6-min walk test in which the total distance ambulated over 6 min is measured; indi-
viduals are allotted as many rest breaks as needed. The test is cost-effective and is 
simple to perform [5] with good test/retest reliability [17]. Score comparisons may 
be made with age-matched normative data [5]. In assessing functional improve-
ments with the 6-min walk test, Perera et al. [7] found that small meaningful changes 
ranged from 19 to 22 m and substantial meaningful changes ranged from 47 to 49 m 
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which is approximately half the length of a football field. The 2-min walk test is an 
abbreviated form of the 6-min walk test that was found to be better tolerated by 
geriatric inpatient rehabilitation patients [9] with excellent test/retest reliability. 
Normative data is available for age-matched groups (Connelly and Thomas 2009, 
[15]). However, it is important to note that these assessments are most suitable for 
the elderly with mild to moderate impairments and its utility may be more limited 
in healthier and more mobile elderly patients.

The ultimate long-term rehabilitation goals are congruent with the physical 
activity guidelines set forth by the American College of Sports Medicine and the 
United States Health and Human Services. For older adults, it is recommended to 
incorporate balance exercises in addition to resistance and endurance exercises 
already recommended for all adults. Intensity level of exercises can be measured in 
several ways (Table 5.2). This includes relative measurements of intensity in per-
centage of heart rate reserve (%HRR) which approximates percentage of oxygen 
consumption reserve (%VO2R), percentage of maximal heart rate (%MHR), and 
rating of perceived exertion either on a scale from 6 to 20 (BRPE) or 0 to 10 (RPE) 
as well as absolute measurements of intensity in metabolic equivalents (METs). 
%VO2R is the percentage of the difference between oxygen consumption at maxi-
mal effort versus at rest. MET is defined as the amount of oxygen consumed while 
sitting at rest and is equal to 3.5 mL O2 per kg body weight × min.

Resistance exercises that build strength should be performed at least 2 days/week 
at either moderate or vigorous intensity; the scale is the same as above. The program 
should include progressive weight training or weight-bearing calisthenics, stair 
climbing, or other exercises that target major muscle groups. Regimens may include 
8–10 exercises consisting of 8–12 repetitions each [18].

Table 5.2 Classification of physical activity intensity

Endurance activities
Resistance- 
type exercises

Relative intensity
Absolute intensity 
(METs) for age groups

Relative 
intensity

Intensity VO2R 
(%), heart 
rate 
reserve 
(%)

Maximal 
heart rate 
(%)

RPE 
(scale 
of 
0–10)

BRPE 
(scale 
of 6–20)

65–
79 years 
old

80 years 
and older

Maximal 
voluntary 
contraction 
(%)

Very light <20 <35 1–2 <10 <1.6 ≤1.0 <30
Light 20–39 35–54 3–4 10–11 1.6–3.1 1.1–1.9 30–49
Moderate 40–59 55–69 5–6 12–13 3.2–4.7 2.0–2.9 50–69
Vigorous 60–84 70–89 7–8 14–16 4.8–6.7 3.0–4.25 70–84
Very 
vigorous

≥85 ≥90 9 17–19 ≥6.8 ≥4.25 ≥85

Maximal 100 100 10 20 8.0 5.0 100

RPE revised Borg rating of perceived exertion, BRPE Borg rating of perceived exertion, %VO2R 
percent of oxygen consumption reserve, METs metabolic equivalents
Adapted from [18]
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Regarding endurance exercises, adults should aim to accumulate 150 min/week 
of moderate-intensity activities or 75  min/week of vigorous-intensity activities. 
Duration of physical activity is further delineated by type of activity. For moderate- 
intensity exercises, adults should aim to perform 30  min/day in at least 10-min 
intervals. For vigorous-intensity exercises, adults should aim to perform 20 min of 
continuous exercise daily [18].

Given the increased risk for falls in the elderly, it is recommended that balance 
exercises be incorporated for a multicomponent physical activity regimen. Despite 
this recommendation, there are no current specific guidelines regarding dosing or 
intensity at this time. Regimens should include progressively more challenging 
balance-oriented tasks that reduce base of support, stress support muscle groups in 
the lower leg and feet, incorporate dynamic movements that alter the center of grav-
ity, and reduce sensory input [18]. There is some research that indicates a total of 
50 h of balance training is needed to decrease fall risk [19].

A flexibility program in which major muscle groups undergo sustained stretch at 
a moderate intensity for 2 days/week is also recommended [18].

However, for the elderly functionally limited due to deconditioning, frailty, back 
pain, or other chronic conditions, a more conservative approach is recommended, 
and physical activity is performed as tolerated and progressed according to prefer-
ence and tolerance. As such, a physical activity program should be custom-tailored 
to the individual at hand with protracted progression of difficulty [20–22].

 Early Postoperative Rehabilitation

Postoperatively, rehabilitation begins within a day of undergoing surgery; there is 
growing evidence that early mobilization can decrease hospital length of stay, 
reduce readmissions, and reduce postoperative complications [23, 24]. Early mobi-
lization has been variably defined as demonstrating independence in performing a 
log roll, moving out of bed to a chair several times a day, or participating with physi-
cal therapy and occupational therapy [24]. While it is clear that these are important 
functional activities, this lack of standardization in research has made it difficult to 
define the exact dosing and which physical activities are most beneficial to patients 
to promote mobility. Requirements for a safe discharge home postoperatively 
requires the ability to ambulate household distances, ascend or descend necessary 
stairs, and perform activities of daily living (ADLs) with relative independence or 
reasonable assistance provided by identified caretakers. If these goals are not attain-
able within the immediate perioperative period, alternative pathways prior to return-
ing home are considered; these include acute rehabilitation or subacute rehabilitation 
depending on the patient’s level of activity, ability to participate in therapy, and 
social support. In these settings, there is more time and resources to truly uncover 
the physical needs of an elderly patient. In general, there is no one-size-fits-all pro-
gram that can adequately address the needs of the elderly when undergoing spine 
surgery.
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 Conclusion

Preoperative optimization should consist of more than managing modifiable risk 
factors. Pre-rehabilitation may be the necessary complement to risk factor manage-
ment that leads to even lower incidence of postoperative complications. While craft-
ing a surgery-specific prehabilitation program may not be necessary, directed 
functional assessment for the older adult population can provide insights and inform 
the postoperative recovery process. More high-quality studies are needed to validate 
pathology-specific functional assessments and targeted therapies. Ultimately, a 
multitiered approach is required to change behaviors and implement evidence-based 
practice. Healthcare provider and institutional-based protocols are the most logical 
next step. Additional attention must also be given to the psychological, cognitive, 
and social influences that are impediments to care.
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Chapter 6
ERAS and Spine Surgery

Michael D. Staudt, Xiaofei Zhou, Olindi Wijesekera, Jonathan P. Miller, 
and Jennifer A. Sweet

 Introduction

A patient’s surgical experience is comprised of different facets of perioperative care, 
including the preoperative, intraoperative, and postoperative phases, and is overseen 
by a multitude of practitioners. As such, postoperative recovery is a complex pro-
cess that is not only influenced by a technically successful operation but also 
depends on the quality of perioperative care as coordinated by a multidisciplinary 
team. Such coordinated efforts are essential in reducing pain, morbidity, and recov-
ery time. Indeed, a significant proportion of patients undergoing surgery will experi-
ence postoperative pain, with the majority reporting moderate or extreme pain [1]. 
Inadequate postoperative pain control has numerous adverse effects on the patient 
and healthcare system, including unwanted and harmful physiological side effects, 
poor patient satisfaction, and an increased overall cost of healthcare resource utili-
zation [2].

Enhanced Recovery After Surgery (ERAS) protocols have thus been developed 
as a conceptual framework of optimizing surgical recovery. The core philosophy of 
ERAS consists of a multimodal approach to perioperative management, with the 
implementation of evidence-based approaches to treatment using a 
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multidisciplinary team [3]. In 2001, the ERAS study group was founded by a group 
of European academic surgeons, who first developed a multimodal recovery proto-
col for colonic surgery based on the published literature [4]. Previously, the concept 
of “fast-track” surgery had been described in different specialties such as cardiac 
and general surgery [5–7] with an initial focus on expediting the speed of recovery, 
which then developed into a protocol for optimizing perioperative management to 
reduce complications and enhance recovery [8]. Subsequently, the ERAS Society 
was founded with a mission to “develop perioperative care and to improve recovery 
through research, education, audit and implementation of evidence-based practice” 
(http://www.erassociety.org).

Although the ERAS Society has published numerous guidelines and consists of 
multiple specialties, there is no neurosurgical representation, and no guidelines 
exist regarding the perioperative management of spinal surgeries; however, the 
Congress of Neurological Surgeons is currently developing perioperative spine sur-
gery guidelines, which are expected to be published in 2021. Until recently, the lit-
erature lacked detailed studies outlining ERAS protocols and outcomes for spine 
surgery [9], and the past few years have seen a newfound enthusiasm in ERAS 
development for a variety of spinal procedures and pathologies [10, 11]. The pur-
pose of this chapter is to outline the components of ERAS protocols as they relate 
to spine surgery, and to review the process of ERAS development and published 
outcomes in the literature.

 Rationale for the Use of ERAS in Spinal Surgery

There is a compelling case for the implementation of ERAS into the routine man-
agement of spinal surgery. Some spine procedures are associated with long opera-
tive duration, extensive muscle retraction and dissection, and the implantation of 
hardware, which can lead to prolonged recovery, delayed mobilization, and signifi-
cant pain. In particular, both lumbar fusion and complex spinal reconstruction pro-
cedures have been rated by patients as having the most significant pain on the first 
postoperative day [12]. Accordingly, postoperative pain influences several outcome 
measures, including length of hospitalization, time to mobilization, readmission 
rates, and opioid tolerance and dose escalation [13].

The complexity of pain management for spinal pathologies is derived from the 
diverse pain etiologies arising from nociceptive, neuropathic, and inflammatory 
mechanisms, with potential anatomical sources of pain including the paraspinal 
muscles, bone, facet joints, and the intervertebral discs [14]. In addition to delaying 
recovery and prolonging a patient’s initial hospital admission, the intensity of pain 
experienced in the early postoperative period may lead to the development of 
chronic postsurgical pain [15]. Pain can also be associated with kinesiophobia, or 
the “fear of movement” following spine surgery, which can impair early mobiliza-
tion, leading to even greater pain, disability, and adverse psychological effects 
[16, 17].
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Previously, the liberal use of opioids was favored in the treatment of acute post-
operative pain; however, the rise in morbidity and mortality associated with acute 
and chronic opioid therapy has encouraged the development of multimodal analge-
sia (MMA) paradigms to both reduce perioperative opioid use and improve postop-
erative pain control and patient recovery [18, 19]. It is important to recognize that a 
majority of patients presenting for major spine surgery are taking opioids and that 
higher utilization of preoperative opioid use and higher pain scores are associated 
with chronic postoperative opioid use [20]. Interestingly, the preoperative use of 
high-potency opioids has also been associated with an increased reoperation rate 
following lumbar decompression or fusion surgeries [21]. Furthermore, opioid use 
in the elderly can be fraught with complications, as these patients are at an elevated 
risk of developing complications due to their comorbidities and higher likelihood of 
polypharmacy [22]. In particular, one must take into account a potentially elevated 
fall and fracture risk [23]. Although data on opioid abuse for adults aged 65 years 
and older are largely lacking [24], a number of studies have reported increasing 
rates of misuse and addiction [25, 26].

In the United States, the rates of surgical procedures for degenerative spine dis-
ease have rapidly increased over the past few decades, in particular the use of fusion 
for lumbar stenosis and spondylolisthesis [27–29]. The increasing complexity of 
cases necessitating fusion has also been associated with increased cost and risk of 
major complications and mortality [30]. Interestingly, some studies have suggested 
that postoperative, but not intraoperative, events are more predictive of increased 
length of stay (LOS) following lumbar fusion [31]. There is significant diversity in 
the nature of postoperative care among institutions and individual surgeons, with 
differing practices regarding the prescribing of medications, mobilization, and 
instructions for return to activity or work. As such, implementation of an ERAS 
protocol following spine surgery could potentially streamline postoperative care 
and improve outcomes.

 ERAS Components

A multimodal ERAS management strategy focuses on optimizing the preoperative, 
intraoperative, and postoperative periods (Fig. 6.1). The foundation of these strate-
gies is in minimizing stressors from a variety of physiological, psychological, and 
economic sources [32, 33].

 Preoperative Period

Preoperative optimization begins even before the patient presents to the hospital for 
their procedure. Preparation begins with education, which can include the basic 
details of the surgical procedure, expected length of the procedure and LOS, 
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Preoperative
Care

•  Physical Therapy
•  Optimization of Comorbidities
•  Gabapentinoids

Intraoperative
Care

•  Regional Analgesics
•  Mixed Local Anesthetics
•  Propofol, Ketamine,
   Dexmedetomidine
•  Minimally Invasive Techniques

Postoperative
Care

•  Tylenol
•  NSAIDS
•  Muscle Relaxants
•  Ketamin
•  Tramadol
•  Early Mobilization

Fig. 6.1 Typical components of an ERAS pathway

postoperative expectations for discharge, potential restrictions on mobility and 
activity, and expected course of postoperative recovery. Despite the seemingly basic 
nature of this information, having a structured approach to providing education can 
empower patients. Indeed, there is evidence that such preoperative education ses-
sions improve pain, function, and psychological outcomes following spine surgery 
[34, 35]. “Prehabilitation,” or the process of enhancing functional capacity prior to 
elective surgery, has also been researched in spine surgery [36]; however, there are 
few studies addressing this topic, and it is not clear if their implementation results 
in significant improvements in pain or function.

Additional preoperative considerations include the management and optimiza-
tion of comorbidities, particularly in an elderly population with a higher incidence 
of heart disease and diabetes. The rising rates of obesity are concerning, and there 
is often an association with diabetes. Multiple studies have shown that patients with 
poorly controlled diabetes have a higher incidence of postoperative complications 
following spine surgery, including infection and poor wound healing [37, 38]. 
Similarly, tobacco use is associated with a higher rate of adverse events following 
spine surgery, including infection, fusion failure, and cardiopulmonary complica-
tions [39, 40]. Screening for such factors is essential to optimize preoperative health 
and function. Other considerations include the identification of nutritional insuffi-
ciency or malnutrition—this often unrecognized risk factor has been independently 
associated with adverse events following spine surgery including infection, 
increased LOS, and mortality [41, 42]. In addition to these modifiable factors, non- 
modifiable factors such as the use of anticoagulation medications may also contrib-
ute to the development of perioperative complications and should be managed 
appropriately.
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As discussed, infection is an important complication in spine surgery. In addition 
to optimizing comorbidities, other critical considerations include the use of preop-
erative antibiotics, and appropriate sterile preparation and surgical technique. 
Preoperative bathing with chlorhexidine gluconate has received recent attention in 
the orthopedic literature as a means of reducing surgical site infections [43]. A 
recent analysis of 4266 spine surgeries reported that the implementation of a proto-
col requiring patients to shower at least 3 times prior to surgery with chlorhexidine 
significantly decreased the risk of developing an infection [44]. Interestingly, this 
decreased risk was only observed in patients undergoing spine surgery without 
fusion in univariate analysis, perhaps as a result of the increased complexity of 
cases requiring fusion [44].

“Preemptive” analgesia refers to the preoperative administration of pain medica-
tions to prevent postoperative pain. Mechanistically these medications inhibit or 
reduce autonomic reactivity and nociceptive signals generated through tissue dam-
age and inflammation [13]. The use of gabapentinoids, including gabapentin and 
pregabalin in the preoperative setting, has been demonstrated to decrease opioid 
consumption and improve pain scores following lumbar surgery [45, 46], and both 
drugs may be equally efficacious [47]. The use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) has also been demonstrated to improve pain scores and reduce 
opioid use in the postoperative period [48]. Although there have been concerns 
regarding the use of NSAIDs and the development of pseudoarthrosis or nonunion, 
numerous studies have reported their safety in the postoperative period when judi-
ciously dosed [49, 50]. Many ERAS protocols will combine different agents based 
on institutional or provider preference, and common combinations include a gaba-
pentinoid, NSAID, and/or acetaminophen [51–53]. Another consideration is timing 
of medication administration, as different protocols may initiate therapy on the 
morning of surgery and/or the night before surgery. For gabapentinoids, this may 
include administration of a single or divided oral dose of 300–1200 mg, 2–24 h 
before surgery [54]; one meta-analysis of multiple inpatient surgical procedures 
identified an association between the cumulative gabapentin dose and a total reduc-
tion in morphine consumption [54].

 Intraoperative Period

There are numerous intraoperative considerations for ERAS implementation, 
including the choice of anesthetic agent, MMA with a focus on opioid-sparing med-
ications, antimicrobial prophylaxis, and the maintenance of both normothermia and 
normovolemia.

A number of different anesthetic regimens have been described in conjunction 
with ERAS protocols. When general anesthesia is desired, propofol tends to be the 
agent of choice in multiple ERAS paradigms [52, 53, 55, 56]. The use of ketamine 
as both a pre-incisional bolus and intraoperative infusion has been reported to 
reduce opioid consumption and incisional hyperalgesia, and also improve the 
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efficacy of neurophysiologic monitoring by reducing inhalational anesthetic require-
ments [14, 57]. Dexmedetomidine has also been investigated as a sedative and anal-
gesic adjuvant in spine surgery, with notable reductions in both intraoperative and 
postoperative opioid use reported [58]. Intravenous glucocorticoids have been 
reported to reduce postoperative pain as well as nausea and vomiting [59], although 
some studies have reported a higher rate of postoperative infection [60]. The use of 
regional (neuraxial) anesthesia in spine surgery has also been described in a number 
of studies, commonly employing the use of spinal bupivacaine [61]. Compared to a 
general anesthetic, regional anesthesia may be associated with decreased blood loss, 
a lower incidence of nausea and vomiting, and reduced pain scores and LOS [61].

Infiltration of the incision with local anesthetic is a widely utilized and effica-
cious technique [62], and is routinely infiltrated underneath the skin prior to incision 
and into the muscle prior to closure. Such measures may reduce postoperative pain 
scores and opioid use [63]. Although local anesthetics are generally limited by their 
relatively short duration of action, there has been recent enthusiasm in the use of 
multivesicular liposomes containing bupivacaine, which allows for sustained drug 
release that can last for a few days. Recent studies assessing the use of liposomal 
bupivacaine suggest improved mobility and reduced opioid consumption when 
either used as a sole intervention [64] or in conjunction with an ERAS protocol [65]. 
The use of intrathecal morphine has also been reported to reduce pain scores and 
postoperative opioid use following spine surgery [66]. Complications including 
pruritus and respiratory depression have been reported in some studies [66]. 
Although pain is improved in the immediate postoperative period, the efficacy tends 
not to persist after 48–72 h, and is not associated with a decreased LOS [66–68].

Spine operations can be associated with numerous homeostatic insults, particu-
larly in those of longer duration and requiring more exposure and/or instrumenta-
tion. Longer operations are associated with potentially extended periods of 
hypothermia, which has been reported to increase the incidence of infection [69]; as 
such, maintaining overall normothermia and targeting a core temperature of 36 °C 
is considered essential. Major spine surgery can also be associated with elevated 
blood loss, resulting in hypotension and an increased risk of end-organ damage. In 
one study, patients requiring a blood transfusion during lumbar fusion were signifi-
cantly more likely to develop a complication, including sepsis, pulmonary embolus, 
or infection [70]. The maintenance of normovolemia in spine surgery is therefore 
essential, and has been associated with reduced blood loss and lower rates of trans-
fusion, as well as improved respiratory and bowel function [71]. The use of 
tranexamic acid has been reported to be effective in reducing perioperative blood 
loss and the need for transfusion [72], and may provide an especially useful adjunct 
when used in conjunction with thorough surgical hemostasis techniques [73].

An additional consideration is the avoidance or early removal of urinary cathe-
ters and surgical drains. Urinary catheters are associated with development of uri-
nary tract infections, and there is mixed evidence in their association with the 
development of a surgical site infection following spine surgery [74]. The prolonged 
use of surgical drains has similarly been reported as an independent risk factor for 
developing a surgical site infection [75]. Minimally invasive surgeries (MIS) may be 
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able to avoid the use of catheters and drains, although they may be necessary follow-
ing major spine surgery with longer durations and larger exposures. Accordingly, 
many ERAS protocols specify early removal to facilitate mobilization [11].

 Postoperative Period

The key postoperative considerations following spine surgery focus on pain control, 
mobilization and the path to discharge. Whereas early “fast-track” protocols may 
have focused exclusively on the speed of recovery and discharge, ERAS places 
greater emphasis on optimizing the patient experience.

One of the most important postoperative considerations is that of pain control 
and the appropriate medication regimen. If implemented judiciously, the use of pre-
emptive and intraoperative MMA as described in previous sections can improve 
postoperative pain control through an opioid-sparing approach. Different agents are 
used in combination to synergistically treat pain, and common postoperative drugs 
include acetaminophen, gabapentin or pregabalin, NSAIDs, and muscle relaxants. 
The use of scheduled NSAIDs, as opposed to the as-needed administration, may act 
synergistically with opioids in the postoperative period [18]. This may enable an 
overall decreased dose of opioids, indirectly reducing postoperative nausea and 
sedation [18]. Such benefits may be of particular use to the elderly population, who 
are particularly susceptible to opioid-related side effects [22, 76]. Of course the use 
of perioperative NSAIDs must be measured with the risk of potential platelet dys-
function, gastrointestinal irritation, and/or renal impairment [18].

The use of NMDA agonists, such as ketamine, in the perioperative period may 
also be an effective approach to surgical pain. Different administration protocols 
have been described, including its use as a pre-incisional bolus, an intraoperative 
infusion, and postoperative use in combination with a patient-controlled analgesia 
(PCA) pump [77]. Given as infusions, they can lower the use of opioid therapy and 
decrease nausea and vomiting [18, 57, 77]. However, the administration of the agent 
in this manner may require a coordinated effort from pharmacy, the recovery unit 
nursing staff, and anesthesia, who will likely ultimately be overseeing its delivery. 
Furthermore, ketamine is a psychoactive drug, which could potentially contribute to 
the development of postoperative cognitive side effects in a vulnerable elderly pop-
ulation [78]. In a multicenter randomized trial of patients aged 60 years or older 
undergoing major surgery, the use of a subanesthetic ketamine dose during surgery 
did not reduce the incidence of postoperative delirium, and instead increased the 
incidence of postoperative nightmares and hallucinations [79].

It is difficult if not impossible to avoid the use of opioids altogether, and the judi-
cious administration of short-acting opioids and/or tramadol may be necessary. 
Tramadol acts weakly at the μ-opioid receptors, but also acts at non-opioid recep-
tors, resulting in inhibition of norepinephrine and serotonin reuptake. Consequently, 
there is a multimodal benefit of this single agent [18]. Tramadol’s weak action at the 
opioid receptor also diminishes the risk of addiction and other systemic side effects 
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seen with traditional opioids use [18]. One novel treatment strategy involves admin-
istration of pain medications based on NRS scores, with non-opioids administered 
for scores 4 or less, tramadol for scores between 5 and 7, and oxycodone for scores 
between 8 and 10 [55]. In this protocol, assessment by an anesthesiologist is required 
if pain is refractory and dose escalation is required [55].

PCA pumps are commonly used as postoperative adjuncts in the first 12–24 h. 
Following this initial period, the patient is transitioned to oral medications with dos-
ing determined by the amount and frequency of PCA use [14]. However, PCA usage 
has been reported to be associated with increased total opioid use and increased 
adverse events [80]. Interestingly, PCA use has also been associated with equivalent 
or even worse postoperative pain control compared to MMA [80, 81], which sug-
gests careful consideration for their inclusion in an ERAS protocol. When imple-
mented, there should always be a plan for early discontinuation and transition to 
oral therapy [82].

An essential component of ERAS protocols is early mobilization, referring to 
mobilization on the day of surgery or the first postoperative day thereafter. The 
adverse effects of bed rest and immobilization are well-documented, in particular 
the elevated risk of deconditioning, cardiopulmonary events, and thromboembolism 
[83–85]. Across multiple disciplines, the benefits of early mobilization are apparent 
in reducing the postoperative LOS, and also as measured by an overall reduction in 
rates of infection, respiratory compromise, thromboembolic events, and sepsis [86]. 
Few studies have specifically investigated the impact of early mobilization follow-
ing spine surgery; however, these studies have uniformly identified improvements 
in rates of perioperative complications and LOS [87–90]. Accordingly, they have 
been adopted with enthusiasm into spine ERAS protocols [91]. Equally important 
considerations are involvement with physical and occupational therapy during an 
inpatient admission [52, 55, 92], and to continue physical therapy on an outpa-
tient basis.

 Outcomes by Type of Spine Surgery

Few publications on ERAS and spine surgery were available prior to 2018, and the 
past few years have seen an exponential increase in interest and published protocols. 
These protocols are highly variable and tend to be institutional-specific, but have 
generally focused on providing improved education, early nutrition and mobiliza-
tion, multimodal pain management, and a general trend toward a transition to mini-
mally invasive techniques. These protocols have been studied in a variety of spine 
surgeries, from simple decompressive laminectomies to more extensive tumor and 
fusion surgeries. The majority of currently reported protocols are focused on lumbar 
surgeries. Regardless of the specific ERAS elements, nearly all studies have reported 
beneficial effects, often related to decreased LOS and reduced opioid usage, without 
an increase in complications or readmissions [93]. Table 6.1 comprehensively out-
lines selected studies that evaluate ERAS protocols compared to cohorts with con-
ventional care.
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 Surgery by Anatomical Level

ERAS protocols have been studied in cervical spine patients [53, 99–104], although 
many studies report their outcomes in mixed cohorts with other spine surgery pro-
cedures. In the study described by Soffin et al., 33 patients underwent with anterior 
cervical discectomy and fusion or cervical arthroplasty, with each receiving an aver-
age of 18 ERAS elements. Patients were found to have minimal complications and 
no readmissions after 90 days [114]. In another study reported by Debono et al., two 
groups of patients undergoing anterior cervical discectomy and fusion were com-
pared before and after ERAS implementation, without increased complications and 
with a significantly decreased LOS [100]. Sivaganesan et al. reported on pre- and 
post-protocol implementation results in elective degenerative spine surgeries; 
although there was a significant reduction in LOS with fewer 90-day complications, 
a subgroup analysis of cervical spine patients showed no significant changes [103]. 
Venkata and van Dellen also described the implementation of an ERAS protocol 
centered on early mobilization, opioid use reduction, patient counseling, and reduc-
tion of drains. This was a mixed cohort of lumbar and cervical patients, with the 
majority having undergone non-instrumented lumbar decompression surgeries. 
Logistic regression models showed no influence on LOS by the type of surgery 
performed [115]. Other similar studies with mixed cohorts of anatomical levels 
reported overall cost reductions or improvements in LOS [53, 101].

Lumbar spine surgery accounts for the majority of published ERAS protocols 
[55, 65, 82, 105–113]. An early fast-track protocol for lumbar spine surgery was 
reported by Scanlon and Richards in 2004 [116]. In this “same day laminectomy 
program,” patients aged 55 years or less without chronic comorbidities were sub-
jected to a protocol that primarily involved a change in anesthesia from propofol for 
pentathol, the omission of long-acting muscle relaxants, and early postoperative 
mobilization. No preoperative changes were made. With their sample of 27 patients 
that were able to be discharged on the same day of surgery, they estimated an elimi-
nation of 54 hospital days and cost savings of $111,420  in costs for the hospital 
[116]. ERAS protocols have also been evaluated specifically in lumbar fusion sur-
geries. In a retrospective study, Bradywood et al. found that lumbar fusion patients 
who entered into a standardized care pathway had significantly decreased median 
LOS, with a higher percentage of patients discharged home compared to prior to 
implementation (75% vs. 64%) [82]. No significant differences were identified in 
pain scores, readmission rates, or falls between groups. In another retrospective 
study, Wang et  al. evaluated their ERAS protocol in elderly patients undergoing 
one- or two-level lumbar fusions and also found an overall decreased LOS [68].

Opioid consumption following spine surgery is an important consideration that 
has been evaluated in a few studies. In a prospective controlled study of predomi-
nantly thoracolumbar elective spine surgery, Ali et al. compared opioid consump-
tion, pain scores, LOS, and readmission rates [106]. The ERAS protocol that was 
used involved preoperative education and a carbohydrate load, as well as evaluation 
by various consultants including nutrition, endocrinology, sleep medicine, and pain 
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management for evaluation and optimization if necessary. Although there was no 
change in the LOS, the ERAS group had significantly less opioid use immediately 
postoperatively and at 1 month [106]. This reduction was seen at 3 and 6 months in 
a follow-up publication [117]. Patients with opioid use disorders undergoing open 
lumbar surgery have been reported to have increased complications and overall hos-
pitals costs, suggesting that this patient population could benefit from specialized 
ERAS protocols [118].

Some studies have looked at removing opioids entirely from the intraoperative 
period. This strategy, known as opioid-free anesthesia, does not allow for systemic, 
neuraxial, or tissue infiltration with opioids. In a single-surgeon series of MIS lum-
bar surgeries, patients who underwent such a protocol within an established ERAS 
pathway did not demonstrate an increase in postoperative pain compared to patients 
who were treated with a standard ERAS pathway using opioids [55]. Although this 
study is limited by its sample size, it represents a promising avenue for research and 
treatment.

 Minimally Invasive Surgery

One of the most important innovations in spine surgery has been the proliferation of 
MIS techniques. Compared to conventional open spinal surgery, MIS techniques 
often involve smaller incisions, the use of the microscope, endoscope or tubular 
working channels, and implantation of expandable cages and percutaneous screws. 
Previous studies have demonstrated that posterior lumbar interbody fusion or trans-
foraminal lumbar interbody fusion (TLIF) procedures done in a MIS fashion reduce 
both blood loss and LOS compared to open surgery [119, 120]. Despite these appar-
ent benefits, clinical outcomes following MIS procedures are generally equivalent 
to open procedures [9, 121, 122]. However, multiple studies have reported clear 
advantages with MIS techniques including fewer postoperative infections [123], 
reduced opioid consumption [124], improved mobilization [125], and reduced hos-
pital costs [105, 121, 122, 126]. As such, the true value of MIS techniques may be 
seen when incorporated into a rigorous ERAS framework.

Chang et  al. compared endoscopic discectomy with an expandable cage to a 
standard MIS dissection using a microscope, and reported reduced opioid utiliza-
tion and LOS in the endoscopic ERAS group [127]. Other major components of this 
ERAS protocol included IV sedation without intubation, and injection of liposomal 
bupivacaine. Similarly, Wang et al. found decreased LOS and blood loss in patients 
undergoing endoscopic MIS TLIF as compared to standard MIS TLIF [105]. There 
was also a significant cost reduction in the endoscopic ERAS group of 15.2%, 
approximately $3444, compared to the traditional group [105].

In ERAS protocols where MIS techniques are employed, much of the benefit is 
attributed to the change in surgical technique; however, that is not to say other 
ERAS elements are less influential. Feng et al. compared the implementation of an 
ERAS protocol for MIS TLIF to a historical cohort without an ERAS protocol, and 

M. D. Staudt et al.



105

without modification of the surgical technique used between groups [110]. Based on 
the implementation of 11 ERAS components, there was a significant reduction in 
LOS, blood loss, cost, and complications [110].

 Deformity Surgery

ERAS pathways in fusion for the treatment of adolescent idiopathic scoliosis (AIS) 
have been studied by multiple groups [94–98]. These complex surgeries often lead 
to prolonged hospital courses, which is why ERAS protocols may be especially use-
ful in this population. Muhly et al. formalized an accelerated recovery pathway with 
a focus on MMA, early mobilization and nutrition, and studied outcomes prior to 
protocol initialization, during the time of transition, and post-protocol [96]. 
Compared with pre-protocol patients, the LOS was significantly reduced without an 
increase in readmission rates, and pain in the early postoperative period was signifi-
cantly reduced. Gornitzky et  al. also emphasized the utilization of MMA in the 
perioperative and postoperative period, demonstrating a 31% reduction in inpatient 
hospitalization and a 34% decrease in PCA usage [95].

Sanders et al. employed a comprehensive ERAS protocol for AIS and noted a 
decrease in postoperative hospitalization costs [128]. This protocol utilized preop-
erative education, early mobilization, drain removal, and nutrition, along with early 
transition to oral pain medications. With this decrease in hospital usage, there was a 
decrease in average cost decrease by 22%, from $23,640 to $18,360. There was no 
increase in rate of complications despite the early discharge [128]. Fletcher et al. 
also emphasized early mobilization, nutrition, and drain removal following AIS sur-
gery, and reported earlier discharge with a 33% decrease in average costs, and with-
out an increase in the rate of complications [94]. However, the accelerated and 
standard discharge groups had some notable differences, including a significantly 
higher utilization of implants and pedicle screws in the standard group. The same 
group evaluated their pathway in a subsequent publication, reporting a 48% reduc-
tion in LOS [97].

 Tumor Surgery

ERAS programs lend themselves to improving outcomes in high-risk populations, 
such as patients with cancer. Grasu et al. devised an ERAS protocol that focused on 
preconditioning, decreased fasting time, MMA, MIS surgical techniques, and early 
postoperative mobilization for patients with metastatic spinal tumors [52]. Surgeries 
ranged from simple decompressions to vertebrectomies. All surgeries were done in 
an elective manner, and emergency cases were excluded. Both control and ERAS 
groups had similar preoperative characteristics with similar pain scores, although 
the tumor location and primary tumor origin were heterogeneous. Patients in the 
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ERAS group trended toward better postoperative pain control and a decrease in 
opioid consumption; however, there was no difference in LOS, readmission rates, or 
complications between the two groups [52].

 Outcomes in Elderly Patients

Spine surgery in the aging population is becoming an increasingly relevant topic for 
neurosurgery as the global population of geriatric adults increases. The United 
Nation’s 2017 World Population Aging Report found that, from 1980 to 2017, the 
number of adults above age 60 doubled, to increase to an estimated 2.1 billion adults 
by 2050 [129]. These population trends are starting to be seen in elective spine sur-
gery as well; population data from 2004 to 2015 indicate that the number of elective 
lumbar fusions increased by 138.7% in patients older than 65 years [27]. Though 
the literature is sparse, there are definite considerations and potential for specialized 
protocols, including ERAS protocols, to better address the needs of elderly patients 
undergoing spine surgery.

Important initial considerations when considering spine surgery in the elderly 
are to clarify the goal of surgery and perform the proper preoperative evaluation. It 
has been reported that the goals of the elderly patient are more focused on being 
pain-free, maintaining mobility, and maintaining the ability to live independently 
[130]. The preoperative evaluation of geriatric patients should take into consider-
ation patient quality of life and the various “geriatric syndromes,” and how they 
contribute to the overall health and ability to undergo spine surgery. Geriatric syn-
drome is a term used to describe a set of diseases that are common to geriatric 
patients although are not necessarily linked physiologically to a specific organ sys-
tem [131], and include diverse pathologies such as osteoporosis, sarcopenia, malnu-
trition, disability, decubitus ulcers, delirium, cognitive impairment, and a propensity 
for falls [129].

There have been several attempts to provide a comprehensive geriatric assess-
ment that incorporates geriatric syndromes and frailty, and can be used to aid preop-
erative assessment. One such assessment is the Canadian Study of Health and Aging 
Frailty Index (CSHA-FI) [132], which evaluates 70 variables to measure the accu-
mulative deficits with regard to physical, cognitive, functional, and social domains—
this is a comprehensive assessment and is thus time-consuming to administer. A 
modified version of the CSHA-FI assessment using less variables has been termed 
the “modified frailty index” [133], and has been applied to predicting morbidity and 
mortality from spine surgery [134, 135]. In the study reported by Leven et  al., 
patients in the oldest age group (mean of 72 ± 8.3 years) were more likely to have a 
higher frailty index than younger patients—this was an independent predictor of 
postoperative complications (need for blood transfusions, thromboembolic events, 
etc.), mortality, LOS, and reoperations in patients that underwent spinal fusion pro-
cedures [134]. As such, it is clear from these studies that the elderly are a vulnerable 
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surgical population and that the development of protocols geared toward their needs 
is increasingly necessary in spine surgery.

The goals of ERAS protocols are to reduce the surgical stress response and mini-
mize postoperative complications for patients. Although the role of geriatric risk 
factors in spinal surgery is understudied, most data on elderly patients are inter-
mixed with younger patients, and studies evaluating the effects of ERAS protocols 
on elderly spine surgery patients are lacking. Few such studies have been published 
[104, 112]; although the protocols have different specifications, there are many 
commonalities geared toward meeting the needs of geriatric patients, such as preop-
erative education and counseling, minimizing prolonged preoperative fasting, early 
ambulation and oral feedings, and using multimodal perioperative analgesia.

Ifrach et al. examined the efficacy of an ERAS pathway in elderly patients under-
going elective laminectomy, discectomy, foraminotomy, thoracolumbosacral fusion, 
cervicothoracic fusion, and anterior cervical discectomy and fusion [104]. Relevant 
pain outcomes included self-reported opioid use at 1 and 3  months and patient- 
reported pain scores. The preoperative ERAS phase included written educational 
materials, smoking cessation, and the incorporation consults focused on nutrition, 
sleep medicine, pain, and endocrinology. Perioperative initiatives included a carbo-
hydrate drink and gabapentin therapy. Postoperative medications included acet-
aminophen, ketorolac, and muscle relaxants, and limiting opioids for breakthrough 
pain to only postoperative day 1. Other initiatives included early ambulation, start-
ing thromboembolism prophylaxis on day 1, and follow-up with the patient’s pri-
mary care physician within 2 weeks. These patients had a significant reduction in 
1-month and 3-month self-reported narcotic use without an increase in patient- 
reported pain scores. Reduction of opioid use in elderly patients is an important 
topic, as these patients are often subject to polypharmacy due to their multiple medi-
cal comorbidities.

Wang et al. studied the efficacy of an ERAS protocol in patients 65 years and 
older who had lumbar disc herniations or spinal stenosis, requiring one- or two-level 
lumbar fusion [112]. This retrospective study examined whether such protocols 
affected complications, LOS, postoperative pain scores, and 30-day readmission 
rates, compared to a historical cohort of patients who did not receive an ERAS pro-
tocol. Preoperative initiatives included patient education and counseling, limiting 
preoperative fasting, fluid and carbohydrate loading, antibiotic therapy, and anti-
thrombotic stocking. Intraoperative initiatives included the use of tranexamic acid 
to decrease blood loss, maintaining normothermia, and the use of local analgesia. 
Postoperative initiatives included early ambulation, transition to oral feeding, early 
removal of urinary catheters, and multimodal analgesia. Compliance rates to the 
ERAS protocol were 92.1%, with the poorest compliance reported with discontinu-
ation of the urinary catheter (52.6% of patients). Overall, no differences were identi-
fied between ERAS and non-ERAS protocol patients in the number of complications 
or mortality rates, nor were there differences in validated outcome metrics including 
the Japanese Orthopaedic Association score, visual analog scale, or Oswestry 
Disability Index. However, there was a significant decrease in the LOS for patients 
in the ERAS group (12.30 ± 3.03 days vs. 15.50 ± 1.88 days). Compliance with an 
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ERAS protocol is closely associated with prognosis; in one retrospective study of 
elderly patients undergoing lumbar fusion, older patients were less compliant with 
the protocol, and had a higher incidence of complications and a longer LOS [136].

Elderly patients represent an increasing proportion of patients with degenerative 
spine disease who will require surgical treatment when conservative measures fail. 
Their goals of surgery are often different than their younger counterparts, and are 
focused on their ability to maintain independence and mobility. Chakravarty et al. 
described an ERAS protocol used at Cleveland Clinic that included referral of all 
elective spine surgery patients over the age of 75 to geriatricians for frailty assess-
ment and adequate time for optimization and prehabilitation [92]. Further study into 
the benefits of tailored preoperative optimization and surgical treatments aimed 
toward the geriatric population is needed, such as MIS procedures which generally 
have less blood loss and shorter LOS. Elderly patients are a vulnerable population 
that could benefit from tailored, multidisciplinary ERAS protocols to optimize their 
surgical treatment, including involvement of geriatricians, nutritionists, pain man-
agement specialists, and anesthesiologists.

 ERAS Implementation

Ultimately, thoughtful delivery of an ERAS protocol for perioperative spinal sur-
gery requires a multidisciplinary, team-based approach. This should be specific to 
each institution to appropriately address the needs of the patient population by 
incorporating readily available resources. For instance, employing a preoperative 
ERAS protocol with “prehabilitation,” optimization of medical comorbidities, and 
timely administration of gabapentinoids may necessitate the involvement of depart-
mental nurses, nurse practitioners, physical therapists, and referring physicians. 
Similarly, open dialogue with the anesthesia team and operating room staff may be 
critical for intraoperative ERAS strategies. Postoperative ERAS implementation 
using pain management algorithms and early mobilization may require the develop-
ment of a detailed postoperative order sets for residents, physician extenders, and 
hospitalists. Additionally educational materials, team-based meetings, and open 
communication with patients, nurses, nutritionists, physical therapists, and consult-
ing physicians will reduce errors and unify messaging. All of this is essential to 
enhance both recovery after surgery and the patient experience.

Despite the general consensus that ERAS protocols are beneficial in spine sur-
gery, they are not universally embraced. In a multinational survey of spine surgeons, 
less than half of respondents were familiar with ERAS as a concept, with only about 
one-third utilizing ERAS protocols in their own practice [137]. Spine surgery is 
heterogeneous and multiple options are available for even a single pathology; there-
fore, no single protocol is universally applicable, making widespread utilization 
difficult to achieve. As the spine-specific ERAS literature becomes more robust, 
protocols will become more established and utilization will undoubtedly increase.
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 Conclusion

Due to the high level of variability and the number of simultaneous changes made 
in implementing ERAS protocols, the direct effect of any specific change is difficult 
to ascertain. A recent systematic review of the published literature from 2004 to 
2019 regarding multimodality ERAS in adult elective spine surgery identified a 
variety of protocols, with the most common implementation being preoperative 
education and peri- and postoperative MMA [11]. Half of the included studies 
found a significant reduction in LOS, with no study identifying a worse outcome 
after implementation of an ERAS protocol [11].

The principle of ERAS is based on the synergistic effects of a multimodal 
approach in caring for a patient from the preoperative to the postoperative phase, 
with a focus on a multidisciplinary approach in improving surgical outcome and 
patient satisfaction. A single change alone would not necessarily qualify as an 
ERAS framework. In general, despite the wide variability in protocol elements and 
patient populations, ERAS protocols are associated with decreased LOS without 
any additional complications or readmission rates. Future research and implementa-
tion should focus on optimizations that may benefit specific surgical procedures or 
patient populations.
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Chapter 7
Surgical Treatment of Cervical Spondylotic 
Myelopathy

Ilyas Eli and Zoher Ghogawala

 Introduction

Cervical spondylotic myelopathy (CSM) is a degenerative cervical spine disease 
caused by progressive compression of the spinal cord that typically occurs in older 
adults (average age 60 years) [1]. CSM is a major cause of neurological impairment 
associated with disability and has a negative effect on overall health-related quality 
of life. As the size of the aging population continues to grow, a higher incidence of 
CSM will be seen in the US population. Currently, degenerative spine disease has 
an incidence of 76 per million persons, making it the most common cause of non-
traumatic spinal cord injury in North America [2]. Without intervention, it is esti-
mated that 20–62% of patients with mildly symptomatic CSM will have further 
deterioration [3, 4].

Surgical treatment is often used to prevent further deterioration and permit neu-
rological recovery in symptomatic cases. The goal of surgery for CSM is to decom-
press the spinal cord, restore alignment, and treat any instability that is present [5]. 
Nearly 19% of cervical spine surgeries are performed to treat CSM [6], and hospital 
charges for treating CSM in the USA exceed $2 billion/year [7]. Trends from the 
Nationwide Inpatient Sample (NIS) showed that the number of cervical spine 
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procedures increased from 150,372 procedures in 2002 to 186,679 procedures in 
2009, and the average age of patients was 52.6  years [8]. Surgical intervention 
entails a ventral, dorsal, or combined approach, all of which are common in the 
USA with the exception of cervical laminoplasty. Despite the growing number of 
cases, the optimal approach (with special considerations for the elderly) has yet to 
be determined.

 Pathophysiology

CSM is associated with direct physical compression of the spinal cord. The stress 
on the spinal cord results in injury and dysfunction that manifests as physical symp-
toms and signs of myelopathy. CSM is a result of both static and dynamic factors 
that result in repetitive injury to the spinal cord. Static factors include canal stenosis 
due to protruding intervertebral disc and hypertrophy of ligamentum flavum [9]. 
Dynamic factors result from further compression during active neck extension due 
to the invagination of ligamentum flavum and intervertebral disc resulting in 
dynamic shearing and stretch injury to the spinal cord [9, 10]. The pathogenesis 
underlying the mechanism results in neuronal damage as well as impaired function 
of oligodendrocytes, astrocytes, and microglia resulting in apoptosis, inflammation, 
and vascular compromise. Impairment of microcirculation by compression of vas-
cular structures has also been postulated to lead to CSM [11, 12]. The corticospinal 
and spinocerebellar tracts are initially affected, resulting in fine motor difficulties 
and gait imbalance. On examination at this stage, patients may demonstrate lower 
motor neuron signs at the level of the injury and upper motor signs such as the 
Hoffman sign, Babinski reflex, and clonus below the affected level. Additional find-
ings include neck pain, shoulder pain, radiculopathy, bladder dysfunction, and hand 
numbness [13]. The overall natural history of CSM is variable, and symptoms can 
present in a gradual fashion, with some patients exhibiting periods of stability or 
absence of symptoms. Studies suggest that 20–62% of patients with CSM managed 
conservatively will have worsening neurological function by 3–6 years after diagno-
sis [4]. Surgery treats the underlying cause and can result in neurological recovery 
in many cases.

 Elderly Perioperative Considerations

Advanced age alone is typically not a contraindication for surgical treatment of 
patients with symptomatic CSM, and in fact the need for treatment can become 
urgent in elderly patients with CSM because symptoms can result in rapid deteriora-
tion and can be associated with falls [14]. There may be some reluctance to offer 
surgery to the elderly population because of the concern around surgical complica-
tions. However, care can be directed toward optimizing patient comorbidities and 
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focusing on improvement of preoperative status to increase chances for a better 
surgical outcome. In the elderly, a comprehensive preoperative workup is important. 
The workup should include a cardiac evaluation to rule out unstable coronary syn-
dromes, heart failure, arrhythmias, and severe valvular disease [15]. Pulmonary 
workup should evaluate for the presence of pneumonia, chronic obstructive pulmo-
nary disease (COPD), and respiratory failure [15]. Additionally, hepatic and renal 
dysfunction should be assessed using routine blood work. Nutritional status is rel-
evant in the elderly because age >60 years is a risk factor for poor nutritional status 
[16]. Nutritional optimization is essential because it may support improved surgical 
outcome and decrease the rates of complications.

Preoperative identification of patient comorbidities to allow for optimization can 
result in better surgical outcome and decreased intraoperative complications. In par-
ticular, an estimated 26% of women >65 years of age and 50% of those >85 years 
have osteoporosis, making assessment of bone density a priority for patients who 
are being considered for CSM surgery [17, 18]. As it relates to patients older than 
50  years of age undergoing elective spine surgery, 14.5% of men and 51.3% of 
women have osteoporosis [19]. Diagnosis can be made by measuring the bone min-
eral density using a dual-energy X-ray absorptiometry (DEXA) scanner. Presence 
of osteoporosis can also be estimated by obtaining a cervical spine computed 
tomography scan and measuring the Hounsfield units [20]. If osteoporosis is diag-
nosed, then treatment can be initiated by the primary care physician or endocrinolo-
gist. Treatment involves calcium and vitamin D supplementations in most patients. 
Additionally, bisphosphonates, calcitonin, parathyroid hormones (PTHs), and estro-
gen receptor modulators are second-line treatments in patients with concerning 
osteoporosis. Bisphosphonates encourage apoptosis of osteoclasts, which results in 
slower bone remodeling, and PTHs promote bone formation by their anti-apoptotic 
effect on osteoblasts [21]. Selective estrogen receptor modulators (SERMs) are 
another option used to treat osteoporosis in the elderly because they stimulate an 
estrogen-mediated response in bone resulting in increased bone mass. SERMs have 
been shown to reduce vertebral fracture rates by 50% compared with placebo, but 
are not considered first-line treatment because of the cardiovascular risks associated 
with estrogen [22, 23]. Calcitonin is an intranasal medication that directly inhibits 
osteoclasts, with studies showing reduction of spine fractures by 33% compared 
with placebo [24, 25]. Diagnosis of osteoporosis and adequate treatment can pre-
vent surgical complications such as hardware failure, nonunion, and adjacent-level 
fractures.

 Surgical Management

The goal of surgery is to expand and restore the canal diameter to 12 mm by decom-
pression, allowing for improvement of blood supply and of spinal cord morphology 
to aid in neurological recovery and halting progression of disease. Surgery for CSM 
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can be effective by either a ventral or a dorsal approach, depending on patient fac-
tors and imaging characteristics. Ventral approaches include anterior cervical dis-
cectomy and fusion (ACDF) and anterior corpectomy and fusion (ACCF). Dorsal 
approaches involve laminectomy, laminectomy and fusion, and laminoplasty. The 
chosen approach is based on factors such as the levels of disease involved, sagittal 
alignment, location of the compression (ventral vs. dorsal), previous surgeries, and 
age [26–28].

Overall, surgical intervention results in improvement in two-thirds of patients; 
however, results 15–30% of cases end with no improvement [29]. Additionally, 
10–20% of cases result in a clinically worse outcome [29]. In an effort to evaluate 
the role of age in patient outcomes after surgery for cervical myelopathy, Grodzinski 
et al. conducted a systematic review of the literature [30]. Older patients were more 
likely to undergo a posterior surgery. Age was also a predictor of the number of 
levels decompressed. Advanced age was not a contraindication for surgical treat-
ment for CSM, but age remains a significant concern for surgeons in performing 
interventions on the elderly.

 Ventral Approaches

Anterior approaches allow for the resection of compressive lesions located in the 
anterior spine such as disc herniation and disc-osteophyte complex. One advantage 
to the anterior approach is the ability to treat and often correct cervical kyphosis. 
Anterior approaches are also associated with lower risk of infection, less postopera-
tive pain, and shorter hospital stay when compared with posterior approaches [31]. 
Anterior approaches thus may result in lower hospital costs. Additionally, anterior 
surgery is also associated with a lower 5-year reoperation rate compared with pos-
terior approaches (12.1% vs. 17.7%) [32]. A prospective comparative trial by 
Ghogawala et  al. demonstrated that ACDFs resulted in greater improvement in 
health-related QOL, shorter hospital stay, and lower costs when compared with dor-
sal approaches [33].

 ACDF

An anterior cervical approach is often used for patients with 1–2 levels of cervical 
spondylosis with anterior cord compression especially related to disc-osteophyte 
that is amenable to removal with an anterior approach. The procedure is well 
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a b c

Fig. 7.1 (a) Preoperative sagittal CT myelogram demonstrating ventral compression at C3–C4 
and C4–C5. (b) Postoperative lateral plain cervical radiograph showing C4–C5 and C5–C6 ante-
rior cervical discectomy and fusion (ACDF). (c) Postoperative anteroposterior plain cervical radio-
graph showing C4–C5 and C5–C6 ACDF hardware

described elsewhere [34]. The presence of kyphosis in addition to CSM makes the 
anterior approach more attractive because lordotic grafts can be used with this 
approach to correct the kyphosis. Surgeons typically use allograft or titanium spac-
ers at each disc space after removing all compressive disc and disc-osteophyte com-
plexes. Fixation is then achieved with titanium plates unless a stand-alone spacer is 
used (Fig. 7.1).

 Corpectomy

ACCF is an ideal surgical approach when there is ventral compression from the 
dorsal part of the vertebral body that cannot be decompressed with a discectomy 
approach alone. Factors that might influence the decision to perform an ACCF 
include the degree of cervical deformity, the anatomy of compression, and the pres-
ence of focal ossification of posterior longitudinal ligament (OPLL). The details of 
an ACCF have been well described in the literature [35]. A 15- to 20-mm-wide 
vertebral body resection is planned for the decompression after the uncinate pro-
cesses are identified. The vertebral body, osteophyte, and posterior longitudinal 
ligament are removed. After adequate decompression, a titanium cage or bone graft 
is placed and fixed with a plate and screws for anterior fixation (Fig. 7.2).
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a bFig. 7.2 (a) Preoperative 
sagittal T2-weighted MRI 
demonstrating stenosis and 
kyphosis in a patient with 
CSM. (b) Lateral plain 
cervical radiograph 
demonstrating 
decompression and 
correction of kyphosis with 
C6 corpectomy with 
anterior plate fixation from 
C5 to C7

 Dorsal Approaches

There are several reasons to consider a dorsal approach for surgical treatment of 
CSM, including the presence of OPLL or rostral disease involving the C2–C3 level, 
older age, and stenosis involving three more levels. Posterior approaches include 
laminectomy alone, laminectomy and fusion, or laminoplasty. The AOSpine CSM 
study showed that the majority of posterior approaches to treat CSM were via a 
laminectomy and fusion (58%) followed by laminoplasty (35%), and only 7% had 
laminectomy alone [36]. The NIS database showed an increase in posterior fusion 
procedures by 0.3% and a decline in laminectomies alone because of concerns 
around the development of delayed kyphotic deformities following laminectomy 
alone [7]. However, fixed cervical kyphotic deformity is considered a contraindica-
tion for posterior approach, and typically is treated with a ventral or sometimes a 
combined approach [37].

 Laminectomy

Cervical laminectomy involves removing the lamina along with the interspinous 
and supraspinous ligaments, followed by resection of the ligamentum flavum of the 
affected levels posteriorly until an adequate decompression is achieved. One down-
side of performing a laminectomy alone is the development of kyphotic deformity 
over time, which can occur in 21–42% of cases [4]. Risk factors for postoperative 
kyphosis in CSM include wide laminectomies, presence of preoperative kyphosis or 
loss of lordosis, hypermobile spine, laminectomy involving C2, and laminectomy at 
the junctional level (C7) [38–40]. Additionally, recurrent stenosis and segmental 
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instability can also occur. A small randomized study by Bartels et al. comparing 
laminectomy (n = 9) with laminectomy and fusion (n = 9) showed no difference in 
outcome and quality of life in the short term with follow-up of 18.3 months [41]. 
Laminectomy alone thus can be reserved for select patients with preserved lordosis 
who are not ideal candidates for fusion.

 Laminectomy and Fusion

To prevent the development of post laminectomy kyphotic deformity, a fusion can 
be added to the decompression. In cases where kyphosis and instability are present 
in combination with multilevel stenosis, a laminectomy with instrumentation is 
often used. When performed to increase lordosis and improve alignment, laminec-
tomy and fusion are associated with improved outcomes [42]. Surgery entails plac-
ing the patient in the prone position with a Mayfield head holder attached to the 
patient’s skull for immobilization. The patient is placed in a neutral head position. 
The decompression is followed by instrumentation, which is completed by inserting 
the screw and rod construct, achieving arthrodesis, and placing bilateral autograft/
allograft for fusion. Many techniques and trajectories have been described for screw 
placement, such as pars or pedicle screws at C2, lateral mass screws at C3–C6, 
pedicle screw or lateral mass screws at C7, and pedicle screws at T1 and T2. The 
different screw techniques and trajectories are typically left to the surgeon’s discre-
tion and familiarity with various approaches (Fig. 7.3).

a b c

Fig. 7.3 (a) Preoperative sagittal T2-weighted MRI demonstrating compression at C3–C7. (b) 
Postoperative lateral plain cervical radiograph showing C3–C7 posterior laminectomy and fusion. 
(c) Postoperative anteroposterior plain cervical radiograph demonstrating C3–C7 hardware
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 Laminoplasty

Laminoplasty is another dorsal surgical approach that results in decompression 
without the need for fusion. Laminoplasty allows for expanding the spinal canal by 
lifting and restructuring the lamina into a new position. Laminoplasty does not 
destabilize the posterior elements, and it preserves motion. Laminoplasty was ini-
tially described in the Japanese literature and performed via an open-door technique 
detailed by Heller and colleagues [43]. The surgery involves placing the patient 
prone in a Mayfield three-pin fixation or resting the head on a foam headrest. A 
small laminotomy is performed on one side, and a hinge is drilled on the contralat-
eral side; then, a titanium plate is affixed to widen the cervical canal (Fig.  7.4). 
Several laminoplasty techniques have been described, such as the Z-plasty, the 
French door, and the open-door approach [44]. Hinge plates are also available in 
cases where there is concern about fracture on the hinge side. The plate is typically 
secured with a 4- to 6-mm self-tapping screw to fix the plate onto the lamina and 
lateral mass at each level. Laminoplasty is indicated for multilevel compression 
with preserved lordosis. It is contraindicated in patients with kyphosis and instabil-
ity and also may be inappropriate for patients with significant preoperative neck 
pain [45].

a bFig. 7.4 (a) Preoperative 
sagittal T2-weighted MRI 
demonstrating multilevel 
stenosis from C3 to C7. (b) 
Postoperative lateral plain 
cervical radiograph 
showing placement of 
C3–C7 laminoplasty plates
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 Combined Approach

Combined anterior and posterior surgery is performed mainly to treat fixed kyphotic 
deformity or instability, but is also used in patients in whom there is poor bone qual-
ity. The presence of three or more levels of disease in addition to a fixed kyphotic 
deformity where a corpectomy is contemplated is an ideal indication to perform a 
combined approach to achieve the desired decompression of the spinal cord and 
correction of the deformity and to maximize the chances of a successful fusion [46]. 
Depending on the availability of surgical time as well as consideration of patient 
comorbidities, the surgery can be staged or performed all in 1 day.

 Complications

 Age

Numerous studies have demonstrated that surgery for CSM is associated with high 
rates of surgical complications particularly in elderly patients. Age has been identi-
fied as an independent predictor of outcome in a study by Nakashima et al. [47], 
who showed that patients ≥65  years had worse outcome on modified Japanese 
Orthopedic Association (mJOA) scores and Nurick scores when compared with 
patients <65 years of age. Not all studies have identified age >65 years as a predictor 
of poorer outcomes. For example, Son et al. demonstrated no significant difference 
in mJOA scores (a validated disease-specific outcome measurement) between 
patients ≥65 years and<65 years of age [48]. Wang et al. reported that age >74 years 
was an independent predictor for complications using the NIS database from 1992 
through 2001 when considering hospital discharges associated with cervical spine 
surgery [6]. Another study showed that the complication rate in patients older than 
75 years was significantly higher compared with that of younger patients (38% vs. 
6%) [49].

 Approach

Complications associated with the anterior approach involve injury to the anterior 
vascular structures (carotid artery and jugular vein), recurrent laryngeal nerve, tra-
chea, and esophagus; postoperative hematoma; and development of Horner syn-
drome, which can lead to hoarseness, difficulty breathing, and dysphagia [50]. 
Complications associated with performing a laminectomy alone include recurrent 
stenosis and development of kyphotic deformity over time. Overall complications 
associated with the placement of instrumentation include adjacent-segment disease, 
hardware failure, pseudoarthrosis, nonunion, and adjacent-level fracture.
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When comparing dorsal and ventral approaches, Boayke et al. examined 58,115 
admissions in the NIS database from 1993 to 2002 and demonstrated that the com-
plication rates were higher in dorsal fusion compared with ventral surgery (16.4% 
vs. 11.9%) [51]; however, complications can be more frequent with ACCF than with 
ACDF. Yonenobu et al. also showed that even though treatment of CSM with either 
corpectomy or laminoplasty yielded good outcomes, corpectomy was associated 
with a higher complication rate compared with laminoplasty (29.3% vs. 7.1%) [52]. 
Similar findings were also demonstrated by Edwards et al.; they observed similar 
surgical outcomes but higher complications with corpectomy than with lamino-
plasty [53].

 Common Complications

The two most commonly encountered complications with surgical treatment of 
CSM are dysphagia and C5 nerve root palsy. Dysphagia is reported at a rate that 
ranges from 7.1% to 31% after anterior surgery [27, 54]. Common risk factors that 
are associated with dysphagia include older age, female sex, multilevel surgery, and 
revision surgery [55]. C5 palsy is characterized by the development of delayed- 
onset deltoid and biceps weakness in a unilateral or bilateral fashion 1–2 days after 
surgery [56]. The published rate of C5 palsy ranges from 12% in ventral surgeries 
to 30% in posterior surgeries [57]; however, there have been no direct comparisons 
of the rate of C5 palsies after ventral and dorsal approaches. Risk factors that most 
strongly correlate with development of C5 palsy include posterior surgery and sur-
gery at the C4–C5 level [58]. The risk of developing C5 palsy is lower in anterior 
surgery, but there is a higher incidence of C5 palsy with corpectomies than with 
ACDF [58]. Over time, both C5 palsy and dysphagia tend to improve, even though 
in the short term there is temporary disability and negative effects on health-related 
quality of life. Delayed complications include the development of progressive 
kyphotic deformity after cervical laminectomy [48, 49] the reported rate of which 
ranges from 21% to 42% [4].

 Future Research

Randomized studies regarding surgical approaches for CSM will help patients and 
physicians choose among the various procedures based on high-quality data. In the 
near future, the results of a randomized clinical trial (CSM-S; ClinicalTrials.gov 
identifier: NCT02076113) comparing ventral and dorsal surgery will be available. 
In this trial, health-related quality of life is the primary outcome, and differences in 
complications and health resource utilization are being measured as well. Another 
important feature of the trial will be comparisons of return to productivity rates 
among various surgical options.

I. Eli and Z. Ghogawala

https://clinicaltrials.gov/


131

 Conclusions

CSM is the most common form of nontraumatic spinal cord injury in adults. With 
an aging population, CSM will be seen more frequently in the elderly. Surgical 
treatment of CSM in the elderly may improve quality of life for these patients. 
Preoperative workup and optimization of comorbidities including osteoporosis may 
result in reduced intraoperative and postoperative complications. Surgery for the 
treatment of CSM can be performed either by an anterior, posterior, or a combined 
approach. Common complications encountered in the treatment of CSM include 
dysphagia and C5 palsy, both of which often improve over time. Upcoming random-
ized trials will expand our understanding of which surgical approach is most effec-
tive in specific types of patients with CSM.

Disclosure Statement The authors have no relationship with any commercial company that has 
direct financial interest in the subject matter or materials discussed.
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Chapter 8
Atlantoaxial Fracture Management

Ellina Hattar, Thiago S. Montenegro, Tyler D. Alexander,  
Glenn A. Gonzalez, and James S. Harrop

 Introduction

The geriatric population is at especially high risk of atlantoaxial fractures. The two 
mechanisms responsible for these injuries are predominantly due to a ground-level 
fall followed by high-velocity injuries secondary to motor vehicle accidents [1–3]. 
The population above 65 years of age is the fastest growing demographic group in 
the United States estimated to account for 20% of the population by 2030 [4]. As the 
number of geriatric patients rises, cervical and specifically atlantoaxial injuries are 
expected to become more prevalent in trauma and emergency centers. The manage-
ment of such injuries in the elderly is a challenge due to the presence of medical 
comorbidities, poor bone quality secondary to osteopenia, low tolerance to halo 
immobilization, higher prevalence of preexisting cognitive impairment or dementia, 
and reduced potential for bony union [2].

 Anatomy and Mechanical Properties 
of the Atlantoaxial Complex

The articulation between the atlas and axis is the most mobile segment of the spine 
and allows for three-dimensional movement. The atlantoaxial complex is responsi-
ble for 40° of unilateral rotation at the C1–2 joint, accounting for 40% of the total 
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rotation in the cervical spine, 10–13° of flexion-extension, and 5° of lateral bending 
[5]. Translation is limited to 2 mm, primarily due to the limitation afforded by the 
transverse-atlantal ligament that maintains the odontoid process against the anterior 
arch of C1 [6]. The atlantoaxial complex not only provides a large component of the 
mobility of the cervical spine but also protects the upper cervical spine and the ver-
tebral arteries. These traversing structures may thus be injured in atlantoaxial frac-
tures and could lead to significant morbidity and mortality [7].

 Epidemiology

Fractures of the atlantoaxial complex and the odontoid process in particular are the 
most prevalent spine injury in the elderly [1, 8, 9]. The number of spine injury- 
related hospital admissions among  the elderly has increased fivefold since the 
1980s, increasing the prevalence of these fractures [10]. Several epidemiologic 
studies have demonstrated that the risk of fractures of the odontoid process increases 
with age [1, 11]. There is a female predominance among patients with fractures of 
the atlantoaxial complex, perhaps due to a greater prevalence of osteopenia and 
osteoporosis in this population [2]. Moreover, geriatric patients have a tendency 
toward combined C1–2 fractures as well as a higher likelihood for concurrent inju-
ries including intracranial trauma [2, 8, 12]. Cervical spine fractures among patients 
over 70 years of age are associated with an 8.1% 30-day mortality. Moreover, geri-
atric patients with spinal cord injuries have a mortality approaching 28% [10].

 Odontoid Fractures

Odontoid fractures are the most common type of cervical spine fracture in patients 
over 65 years of age as they represent 5–29% of cervical spine fractures [3, 13, 14] 
with Anderson and D’Alonzo type II fractures accounting for 8–15% of cervical 
spine fractures [15, 16]. Several classifications have been created for the description 
of odontoid fractures. The most widely accepted is the Anderson and D’Alonzo 
classification [17]. Type I describes an oblique fracture at the tip of the odontoid 
process. This fracture pattern may have an association with atlanto-occipital dislo-
cation [18]. Type II is a horizontally oriented fracture at the base of the odontoid 
process disconnecting it from the vertebral body of the axis. It results from hyper-
extension injuries as the anterior aspect of the ring of the atlas exerts pressure on 
and fractures the odontoid. It is thought that with age, the subaxial cervical spine is 
affected by spondylosis at a greater degree than the atlantoaxial segment and stiff-
ens, resulting in a lever arm effect on the upper cervical spine during even low- 
velocity traumas [19]. Due to poor vascularity, the small surface area of the fracture, 
and the predominance of cortical bone, the type II odontoid fracture is at higher risk 
of non-union than other odontoid fractures [20, 21]. Other risk factors for non-union 
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a b c

Fig. 8.1 Anderson and D’Alonzo classification of odontoid fractures. (a) Sagittal cervical spine 
CT showing a type I odontoid fracture across the tip of the odontoid without evidence of atlanto- 
occipital dislocation. (b) Coronal cervical spine CT of a type II odontoid fracture of the base of the 
odontoid (red arrow). (c) Coronal cervical spine CT of a type III odontoid fracture of the body of 
the axis with extension into the left atlantoaxial facet joint (yellow arrow)

include posterior displacement greater than 5 mm, or angulation greater than 10°, 
comminution of the fracture, and tobacco use [13, 21–24]. The type III is one that 
extends to the body of the axis and the facet joints (Fig. 8.1).

Due to its prevalence in the geriatric population, the next section will in large part 
focus on the evidence-based medicine pertaining to the management of type II 
odontoid fractures. To date, there is no class I evidence on the subject, and most 
literature on the subject consists of retrospective reviews and limited case series.

 Diagnosis

In addition to a thorough neurologic examination, an adequate radiographic workup 
is necessary to evaluate for cervical injuries in elderly patients. Clinical symptoms 
of atlantoaxial and especially odontoid fractures are usually nonspecific as patients 
often present with poorly localized posterior neck pain, paravertebral muscle 
spasms, tenderness, and decreased range of motion of the neck [21]. Although there 
is a subset of patients who die prior to reaching the hospital following an odontoid 
injury, those who survive often do not have a neurologic deficit [25]. If neurologic 
injury is present, it may range from occipital neuralgia from irritation of the greater 
occipital nerve to monoplegia with sensory deficits to high tetraplegia with respira-
tory depression [21]. Furthermore, delayed symptoms attributable to posterior dis-
placement of the odontoid can lead to cervical myelopathy with symptoms of neck 
pain, hand wasting and weakness, and gait dysfunction [25]. Even in the absence of 
a neurologic deficit, however, a high index of suspicion for atlantoaxial and odon-
toid injury must be present for the geriatric patient following even a seemingly 
innocuous fall.

Few studies exist describing the long-term natural history of odontoid fractures. 
A study by Hart et al. revealed no evidence of myelopathy among five patients over 
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the age of 70 followed for a minimum of 16 months [22]. In this last study, however, 
patients may have not been followed long enough to properly identify the eventual 
development of myelopathy. In fact, in another study by Crockard et  al., among 
patients managed without surgical stabilization, 69% of patients were diagnosed 
with myelopathy over a year after the initial injury, while 38% were diagnosed over 
5 years following [25]. Finally, not much is known on the eventual cause of mortal-
ity in this population and whether death could be related to the development of a 
high cervical spinal cord injury (SCI).

 Imaging

Radiographs are insufficient in ruling out cervical fractures in the elderly. It is esti-
mated that 35% of C1 and 14% of C2 fractures are missed on plain lateral radio-
graphs [26]. Computed tomography (CT) scan is the most cost-effective study for 
patients with high likelihood of cervical fracture. Magnetic resonance imaging 
(MRI) can further identify ligamentous damage in the upper cervical spine [27]. On 
plain radiographs, the atlantodental interval (ADI), which is commonly considered 
abnormal when greater than 3  mm in men and 2.5  mm in women, can suggest 
incompetence of the transverse-atlantal ligament and thus indicate  atlantoaxial 
instability [28, 29].

 Morbidity and Mortality

In a study by Muller et al., the overall complication rate of odontoid fractures in the 
elderly was 52% as compared to 33% among younger patients, while mortality was 
35% as compared to 4% [3]. Most of these patients were treated conservatively. The 
two most common causes of death among older patients were pneumonia and car-
diac and pulmonary arrest. Furthermore, halo-vest immobilization in the elderly has 
been shown to have a significantly higher rate of morbidity and mortality than in 
younger patients with a mortality rate of 40% in a study by Majercik et al. [30].

 Management

The management strategy for the type II odontoid fracture has been a topic of 
debate. Treatment options include external fixation with rigid cervical orthoses, 
halo-vest immobilization, and atlantoaxial fusion. It has been shown that immobili-
zation either through external immobilization or surgical fixation is required as the 
rate of non-union likely approaches 100% in patients not managed with immobili-
zation [21].
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 External Immobilization

Conservative treatment for type II odontoid fractures generally involves the use of 
either halo vests or cervical orthoses. Among patients over the age of 65 years, mor-
tality associated with halo-vest immobilization was published at 42%, while major 
complications were observed in 66% of patients in the group [2, 31]. Furthermore, 
external immobilization is not as effective in promoting bony fusion in the geriatric 
population as it is in younger patients. Polin et al. showed that patients over the age 
of 60 with type II odontoid fractures who were managed with external immobiliza-
tion with halo vests or collars had a lower rate of bony fusion at 38%, while younger 
patients had a fusion rate of 82% [20]. In another study by Smith et al., there was a 
significantly higher incidence of airway complications among octogenarians with 
odontoid fractures managed with halo-vest immobilization (31%) as compared to 
cervical orthoses (4%) [32]. The type III odontoid fracture in the elderly patient may 
be managed with hard cervical collar with bony fusion rates previously reported at 
100% in nondisplaced fractures.

 Operative Management

Several studies support the surgical management of type II odontoid fractures in the 
elderly. In a study by Muller et al., 5 of 11 patients with nondisplaced type II odon-
toid fractures experienced non-union; all 5 were initially treated with a cervical 
orthoses alone [3]. The group recommended either surgical fixation or halo-vest 
immobilization for type II odontoid fractures among elderly patients with the con-
sideration that halo fixation may be poorly tolerated by the population (Fig. 8.2).

Mortality rate among patients with type II odontoid fractures may be lower in 
geriatric patients undergoing surgery than those who are conservatively managed. 
In a study by Smith et al., mortality was 12.5% in elderly patients undergoing 
surgical treatment as compared to 15% of patients who were conservatively man-
aged [33]. Chapman et al. had similar results with a 7% mortality rate in the surgi-
cal group and 22% mortality rate in the nonoperative group at 30  days [34]. 
Woods et al. also found a statistically reduced mortality in their surgical subgroup 
as compared to those managed conservatively [35]. These collective findings on 
mortality rate suggest that surgically managed patients may have a survival ben-
efit as they may be able to be mobilized sooner than conservatively managed 
patients.

Type II odontoid fractures may be treated with several surgical options including 
an anterior approach with an odontoid screw and posterior approaches with lateral 
mass fusion or transarticular screw placement [36]. The rate of union in a study by 
Omeis et al. was greater than 30% for both anterior and posterior approaches [36]. 
Furthermore, of the 29 surgically treated patients in the study, 86% were ultimately 
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Fig. 8.2 (a) Coronal cervical spine CT showing a type II odontoid fracture. (b) Anteroposterior 
postoperative cervical spine X-ray showing a posterior construct was performed with C1 lateral 
mass and C2 pars screw. (c, d) Lateral X-rays of the C1–2 fusion construct showing no displace-
ment of the dens and a solid fusion on flexion X-rays (d). These images were obtained 2 years 
following fusion

able to return to their previous residential environment. Although results appeared 
to be comparable in this last study, another study by Andersson et al. suggested that 
posterior fixation may have superior results with a non-union rate approaching 0% 
as compared to that of the odontoid screw yielding a non-union rate of 9% and con-
servative treatment associated with a rate of 54% [37]. This may be due to the fact 
that the cortical bone, in which posterior fixation is secured, is less affected by 
degenerative changes than cancellous bone. Also, the odontoid screw may further 
create a larger lever arm in the spondylitic geriatric cervical spine. Furthermore, the 
anterior odontoid screw approach may be associated with higher rates of pneumonia 
and dysphagia [33].
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 Fractures of the Atlas

Fractures of the atlas are relatively rare and represent approximately 2% of all spine 
fractures [14]. A classification system of C1 fractures has been proposed by Landells 
et al. with type I involving a single arch, type II involving both the anterior and 
posterior arches of the atlas with two or more fragments, and a type III fractures 
involving the lateral mass of the atlas [38]. The classically described Jefferson frac-
ture is a subtype of the type II fracture in which an axial loading force results in a 
four-point burst fracture of the C1 ring (Fig. 8.3).

a b

c d

Fig. 8.3 Fractures of the atlas according to the Landells classification as shown on axial cervical 
spine CT imaging. (a) Type I C1 fracture of the posterior arch only. (b, c) Type II fracture involving 
the anterior and posterior arches of the atlas. (d) Type III fracture showing extension into the left 
C1 lateral mass (red arrow)
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 Diagnosis and Treatment

Neurologic deficits have historically been thought to be rare due to the relatively 
large spinal canal diameter at this level and due to the tendency of fractured frag-
ments to be forced outward away from the spinal canal. In the geriatric population, 
however, these fractures may not be as benign as once thought as this specific popu-
lation is at higher risk of poor outcomes including death [39]. As with other upper 
cervical injuries, plain radiographs, CT, angiography, and MRI are essential during 
evaluation. The transverse ligament is considered to be the most important determi-
nant of stability for fractures of the atlas. The rule of Spence may be used to deter-
mine stability of the injury as it can suggest injury to the transverse ligament when 
the C1 on C2 lateral mass total overhang equals or exceeds 7 mm on open-mouth 
odontoid view radiographs [40]. Type I, stable type II (with an intact transverse liga-
ment), and type III fractures of the atlas can all be managed in a rigid cervical collar. 
In cases of transverse ligament disruption, sagittal split lateral mass fractures, or in 
the presence of concomitant fractures of the atlantoaxial complex or other cervical 
segments, surgical fixation may be necessary. Fractures of the atlas are associated 
with additional fractures of the cervical spine in 30–70% of cases [41, 42]. 
Occipitocervical fusion to C2 may be necessary in cases of atlanto-occipital disso-
ciation or concurrent fractures of the occipital condyles [39]. Posterior atlantoaxial 
fusion is the gold standard either with lateral mass screw and rod fixation or trans-
articular fixation, with or without the addition of wiring. Although the reduction of 
the C1 ring is feasible through the transoral approach, it is not as commonly per-
formed at most institutions. In addition to the halo vest being poorly tolerated in the 
elderly, the device may also be insufficient in stabilizing and reducing unstable 
fractures of the atlas.

 C1–2 Dislocation and Subluxation

Atlantoaxial instability is a serious condition that can present with symptoms rang-
ing from greater occipital nerve irritation to tetraplegia and death. The odontoid 
process itself prevents hyperextension at the joint, but the majority of motion about 
the atlantoaxial joint is dictated by ligamentous and capsular attachments [6].

Atlantoaxial subluxation in the geriatric population is often related to cervical 
rheumatoid arthritis (RA) [43]. Atlantoaxial instability is the most common presen-
tation of cervical rheumatoid disease, occurring in greater than 70% of patients with 
RA [44]. Joints and ligaments affected by RA will determine the direction of sub-
luxation [43]:

• Involvement of the synovial joint on the dorsal surface of the odontoid process 
will lead to laxity of the transverse ligament and ventral subluxation of C1 on C2.
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• Involvement and osteomalacia of the odontoid process may lead to dorsal 
subluxation.

• Involvement of the synovial apophyseal joints of C1–2 may lead to lateral rotary 
subluxation.

• Further facet destruction may lead to collapse of the occiput on C1 and vertical 
displacement of the odontoid process. This is also known as basilar invagination, 
atlantoaxial impaction, vertical subluxation, and cranial settling. It is thought to 
occur at more advanced stages of the disease.

Other inflammatory conditions such as ankylosing spondylitis (AS) may also 
lead to atlantoaxial instability, however far less commonly. Atlantoaxial dislocation 
(AAD) is associated with a high likelihood of morbidity and mortality. While it can 
occur in the pediatric population as a result of infection, in the geriatric population, 
AAD is typically caused by trauma [7].

Subluxation can be broadly grouped into four main categories: anterior, rotary 
subluxation, vertical subluxation, and lateral subluxation. Rotary subluxation, also 
known as atlantoaxial rotatory fixation (AARF), can be subdivided into four main 
types according to a classification system created by Fielding and Hawkins [45]. In 
type I, the atlas is rotated on the odontoid with no displacement. In type II, there is 
3–5 mm of anterior displacement of the atlas with slight rotation. In type III, there 
is greater than 5-mm anterior displacement. Type IV is defined by posterior dis-
placement of the atlas with rotation. Type III and IV rotary subluxations are consid-
ered unstable and warrant fixation.

 Imaging and Diagnosis

Symptoms typically include neck pain, along with headache, torticollis, and reduced 
rotation of the cervical region. The contralateral chin and sternocleidomastoid will 
be spastic; for example, a right-sided subluxation will present with spasm of the left 
sternocleidomastoid muscle.

Lateral radiographs may be used to determine the stability of the atlantoaxial 
complex. The ADI can again be used. When the ADI is greater than 3 mm in men 
and 2.5 mm in women, it suggests rupture of the transverse ligament. Additionally, an 
ADI greater than 10 mm indicates  total ligamentous damage [46]. Radiographic 
assessments of transverse ligament integrity can also  be inferred by the rule of 
Spence. CT is the gold standard of imaging for suspected subluxation or disloca-
tion. CT angiography can identify vascular injury to the vertebral arteries. Finally, 
MRI is essential in further characterizing extent of spinal cord injury when present 
and may aid in the diagnosis of ligamentous injury (Fig. 8.4) [7].
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a b

Fig. 8.4 (a) Sagittal cervical spine CT showing anterior atlantoaxial subluxation with widened 
atlantodental interval to 6.5 mm and basilar invagination. (b) Sagittal T2 cervical spine MRI show-
ing multilevel central stenosis with severe C1–2 stenosis

 Treatment

Surgical treatment is considered if the anterior displacement is greater than 5 mm in 
adults. Acute atlantoaxial dislocation has a high morbidity and mortality, while sub-
luxation, which is a chronic progressive pathology, has a better prognosis. Acute 
atlantoaxial dislocations are rare in adults and are often accompanied by neurovas-
cular dysfunction. Reduction and fixation of such injuries is necessary in the major-
ity of cases [7]. In cases of symptomatic atlantoaxial subluxation secondary to RA, 
occipitocervical fusion has been shown to decrease nuchal pain and improve symp-
toms of myelopathy [47, 48]. Management of these pathologies remains a topic of 
debate as no large-scale randomized studies exist on the subject.

 Hangman’s Fractures

Hangman’s fractures consist of a traumatic spondylolisthesis of the axis with bilat-
eral fractures of the C2 pars interarticularis [49]. This fracture coined its name from 
injuries thought to be produced by judicial hangings, although it was later realized 
that only a minority of hanging victims had this fracture type [50, 51]. These inju-
ries account for 4–7% of all cervical spine fractures and occur as a solitary lesions 
in up to 74% of patients and associated with other fractures in 9% of patients [9, 
52–54]. In the elderly population, Hangman’s fractures usually result from rela-
tively low-energy injuries due to bone fragility, and its incidence has been growing 
in the past decades [55, 56]. The first classification system uses the mechanism of 
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injury to classify this type of fracture and was developed by Effendi et al. and sub-
sequently modified by Levine and Edwards, which is currently the most commonly 
used classification [57, 58].

 The Modified Effendi Classification System

Type I fractures are the only nondisplaced fractures without evidence of angulation 
or C2–3 disc involvement and result from a hyperextension-axial loading force. 
These are considered stable and can be managed conservatively in a cervical collar. 
Type II fractures result from a combined hyperextension-axial loading force, with a 
rebound flexion and compression force, causing a significant angulation (>11°) and 
translation (>3 mm) of C2. Type IIA and type III fractures are caused by the same 
injury pattern, a flexion-distraction mechanism. In the former, there is a very severe 
angulation without translation of C2, while the later results in not only a fracture of 
the lamina or the pedicle but also bilateral facet dislocation. Type II, IIA, and III 
usually involve rupture of the C2 and C3 disc and anterior and posterior longitudinal 
ligament involvement [49, 52, 58]. Furthermore, there is an atypical presentation of 
Hangman’s fractures where canal compromise can result from traumatic spondylo-
listhesis of the axis, instead of canal expansion (Fig. 8.5) [59].

 Diagnosis

In order to establish the diagnosis, measuring both angulation and translation of C2 
is important. The standard measurement technique is the endplate method for which 
a lateral cervical radiograph or midsagittal CT reconstruction can be used. Lines are 
drawn perpendicular to the inferior endplate of C2 and C3 to measure angulation. 
The posterior vertebral body tangent method can also be used With this method, 
lines are drawn along the posterior aspect of C2 vertebral body and odontoid to 
enable measurement of angulation and displacement [60].

 Management and Operative Technique

The management strategies and the surgical indications for Hangman’s fractures are 
still a topic of debate, particularly for type II and type III. A systematic review dem-
onstrated that 62.5% of publications advocated that the primary therapy for all 
Hangman’s fractures should be conservative, 22% suggested that conservative treat-
ment was acceptable to some stable fractures, and only one manuscript claimed that 
surgery would be the best primary approach to type II, IIa and III fractures [61, 62].
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Fig. 8.5 (a, b) Sagittal cervical CT showing Effendi type I fracture with a nondisplaced pars frac-
ture without displacement of C2 on C3 vertebral bodies. Images (c–f) belong to the same patient. 
(c) Sagittal CT angiogram of the neck showing a fracture through the pars interarticularis of the 
atlas. (d) The same patient had a concurrent odontoid fracture with associated angulation of the 
posterior aspect of the C2 odontoid on the remaining C2 and C3 vertebral bodies. (e) T2 sagittal 
cervical spine MRI showing an associated rupture of the C5–6 intervertebral disc. (f) The patient 
underwent a staged C5–6 ACDF followed by a posterior C1–2 fusion

The conservative management of the fractures can be conducted with either a 
hard collar or rigid immobilization. [49] The operative management of Hangman’s 
fracture is usually conducted using an anterior approach with a C2–3 graft and plate 
fusion, which has the advantage of having a relative short fusion construct, although 
the approach would not address the detached posterior arch of C2 [63]. Other pos-
terior techniques are also feasible, including the direct fixation with C2 pars interar-
ticularis screws, or posterior C2–3 fixation connecting C2 pars screws to C3 lateral 
mass screws, with the advantages of preserving the axis motion, but not addressing 
the instability secondary to disc disruption [62, 64–66].

 Conclusions

The management of atlantoaxial injuries in the elderly is challenging and only 
growing in importance with the aging population. Although no class I evidence 
exists to guide management of such injuries, the literature provides management 
suggestions for the optimal treatment of atlantoaxial pathologies in the elderly. 
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Management is complicated by suboptimal bone quality, intolerance to immobiliza-
tion, presence of concurrent injuries, and preexisting medical conditions. Through 
careful consideration of these factors as well as the clinical and radiographic char-
acteristics, favorable patient outcomes may be achieved.
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Chapter 9
MIS Cervical Approaches in the Elderly

Jacob L. Goldberg, Alexandra Giantini Larsen, Fabian Sommer, 
Joseph A. Carnevale, Sertac Kirnaz, Branden Medary, Lynn McGrath, 
and Roger Hartl

 Introduction

In the United States, as a result of increasing life expectancy and the current popula-
tion structure, the number of elderly patients seeking medical care is increasing [1]. 
Specifically, more elderly patients will continue to need spine surgery given the fact 
that degenerative spinal pathology increases with age [2]. While the elderly popula-
tion face increased risks associated with surgery, it is important to find strategies to 
perform surgery in the elderly as untreated spinal pathology can have a profoundly 
negative impact on overall health and quality of life [3, 4]. In patients with symp-
toms refractory to medical or conservative management, severe pain, myelopathy, 
and/or other neurological deficits, surgical intervention is discussed. In select surgi-
cal candidates with amenable pathology, minimally invasive techniques potentially 
offering less muscle dissection, blood loss, and recovery time pose attractive alter-
natives to open surgery (Fig. 9.1).

Minimally invasive spine (MIS) surgery has seen relatively fewer cervical appli-
cations compared to its use in the thoracic and lumbar spine. In part, this is due to 
the increased risk associated with cervical spine surgery given the proximity to the 
cervical spinal cord and owing to its unique anatomy including the presence of the 
vertebral arteries and their course through the vertebrae. Anteriorly, the vertebral 
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Fig. 9.1 Comparison between level of complexity and invasiveness in minimally invasive spine 
surgery versus open surgery

bodies are in close proximity to the trachea, esophagus, and other vital structures. In 
addition, the overall smaller size of vertebrae and intervertebral discs make surgery 
in this region more challenging. However, advances in intraoperative navigation 
have forged a path forward for several MIS cervical techniques [5]. In this chapter, 
we discuss several minimally invasive posterior cervical approaches which are 
important surgical options in elderly patients. For each technique we outline bene-
fits, contraindications, and key operative considerations.

 MIS Posterior Fusion via Facet Joint Arthrodesis

The placement of cages posteriorly into the cervical facet joints was first 
described as part of a procedure for atlantoaxial joint fusion in patients with basi-
lar invagination [6]. In this setting, placement of facet cages was noted to confer 
a high degree of stability and promote arthrodesis [7]. Since that time, this con-
cept has evolved as an alternative to the traditional lateral mass screw fixation 
and can be placed via a posterior percutaneous approach [8, 9]. In elderly patients 
at high risk for periprocedural complication after traditional open lateral mass 
fusion, posterior percutaneous facet cage-based fusion provides an alternative 
(Fig. 9.2). Through a cadaveric study, it was elucidated that bilateral facet cage 
placement conferred similar stability as compared to lateral mass screw fixation 
[10]. In addition to providing stability/fusion, these procedures can potentially 
address some of the facet-mediated pain observed in degenerative disease. This 
can be performed as a stand-alone procedure in situations requiring 
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a b

Fig. 9.2 Intraoperative CT demonstrates bilateral cervical decompression through the unilateral 
approach with good decompression and facet cages in adequate position. (a, b) show different 
planes of the intraoperative image

posterior-only fusion or used to further stabilize/augment anterior decompres-
sion and/or fusion. Compared with data reported for similar techniques, facet 
cage arthrodesis may offer less blood loss, decreased length of hospital stay, and 
overall faster recovery time [11]. Facet cage-based fusion is contraindicated in 
disease states that alter the stability around the facet joint such as neoplastic 
involvement of the facet joint or facet joint disruption due to trauma. In addition, 
patients with significant listhesis are not candidates for fusion via this approach 
[12, 13]. Outcomes assessments reveal significant improvements as assessed by 
the Neck Disability Index (NDI), visual analog pain scores (VAS), and SF12 on 
a 2-week follow-up and at 1 year postoperatively [9, 13]. Long-term follow- up 
data in one small reported case series found no recurrent radicular symptoms at 
a 5-year follow-up [14]. Radiographic findings have been encouraging with 
fusion at 2 years noted in 98% of cases. Further, there were no findings of devel-
opment in a significant kyphotic deformity, device failures, or need for surgical 
reintervention [9].

The complications associated with this procedure are low. In a retrospective 
review of 89 patients (average age 58 ± 12) with cervical radiculopathy, the rate of 
periprocedural complication related to surgery was 3.4%, and all experienced full 
recovery [11]. Blood loss was negligible and the average length of stay was 29 h [11]. 
These two factors are important considerations for surgery in the geriatric population 
as they are potentially modifiable risk factors for postoperative delirium [15–17].

Several surgical considerations and key technical steps are notable in the suc-
cessful performance of this procedure. We prefer to perform this procedure with 3D 
intraoperative navigation though it can be performed with fluoroscopy alone. As 
with other elective cervical fusion cases, neuromonitoring including SSEP and 
MEP is a useful operative adjunct when available. The patient is positioned prone 
with rigid head fixation to ensure immobilization of the cervical spine which is 

9 MIS Cervical Approaches in the Elderly



154

important both for procedural safety and to ensure navigational accuracy (if using 
intraoperative navigation). The medial and lateral aspects of the facet joint are iden-
tified using navigation or fluoroscopy (Fig. 9.3). The joint space is entered with an 
access tool in a colinear (medial to lateral) trajectory. Care must be taken to avoid 
nerve root injury as can occur with medially positioned implants. Decortication is 
performed with a trephine which slides over the chisel onto the joint capsule. The 
inner aspect of the facet joint is addressed with a decortication burr. The facet cage 
is inserted after decortication. Screws are used to affix the implant to the inferior 

a b

dc
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Fig. 9.3 (a–d) Intraoperative 3D navigation pictures showing the trajectory and position of the 
interfacet cage. Postoperative (e) lateral and (f) anteroposterior radiographs after bilateral inter-
facet joint cage implantation
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facet. After all instruments are removed (with exception of the guide tube), bone 
graft is injected into the joint space. After inspection for hemostasis and antibiotic 
irrigation, the incision is closed in the usual manner.

 MIS Posterior Cervical Foraminotomy (PCF)

Minimally invasive techniques for posterior cervical foraminotomy were first 
described in 2001 and remain an excellent surgical option in patients with unilateral 
radiculopathy due to foraminal pathology [18]. These techniques have been applied 
successfully to a range of pathology encroaching on exiting nerve roots including 
synovial cysts, bone spurs, and soft foraminal disc fragments [19, 20]. PCF avoids 
morbidity related to the anterior approach and permanent device implantation, pre-
serves mobility, and can be performed on an outpatient basis. In addition, should the 
patient require an anterior approach surgery in the future, initial posterior approach 
means that the anterior corridor will be easier to navigate in the future. Regarding 
patient selection, this procedure is contraindicated in patients primarily symptom-
atic from central stenosis (with resultant myelopathy), cervical kyphotic deformity, 
or instability as these symptoms will not be addressed and may be made worse. In 
addition to the standard preoperative workup, careful assessment for dynamic insta-
bility and/or contralateral facet pathology should be evaluated with flexion/exten-
sion radiographs, MRI, and CT when necessary.

When evaluating pathology amenable to PCF, there is often consideration given 
to an anterior approach such as anterior cervical discectomy and fusion (ACDF). 
ACDF, given the approach, carries higher risk of esophageal injury, dysphagia, 
recurrent laryngeal nerve injury, or dysfunction. Notably, the geriatric population 
can have a more complicated recovery from ACDF with postoperative dysphagia 
being particularly concerning. It is in this population that a PCF may offer advan-
tages in avoiding potential dysphagia. Comparative analyses between ACDF and 
PCF have found similar 1–3-year postoperative outcomes with respect to arm pain 
and neck pain [21–23]. In addition, compared with ACDF in patients with unilateral 
radiculopathy, PCF was found to offer cost savings [24]. A separate study evaluat-
ing outcomes of PCF noted 1.1% and 0.9% annualized risks of requiring a fusion at 
the index-level and adjacent-level disease, respectively [25]. Important in the post-
operative management of all populations but especially geriatric, investigators com-
paring open cervical foraminotomy with minimally invasive techniques found less 
blood loss, analgesic use, and time to hospital discharge [26]. To the contrary, while 
both anterior and posterior foraminotomies carry a risk of C5 palsy, this risk is high-
est in older patients undergoing PCF [27]. Of note, 86% of the patients with PCF 
who developed C5 palsy had complete recovery [27].

Several surgical nuances and key procedural steps are worth noting. For this 
procedure, the patient is placed in rigid head fixation and positioned prone. After 
fluoroscopic or 3D navigation is used to verify the level (Fig. 9.4), a skin incision is 
made, and sequential dilation is performed until an appropriately sized tubular 
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Fig. 9.4 (a–f) Intraoperative 3D navigation pictures presenting a posterior cervical foraminotomy 
case highlighting the trajectory of the contralateral decompression and the anatomy around 
the facets
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Fig. 9.5 (a) Tubular retractor in position over lateral aspect of canal and medial aspect of facet 
joint. (b) Removal of the thinned-out hemilamina with a Kerrison punch. (c) The ligamentum fla-
vum bluntly dissected with nerve hook under direct visualization. (d) Cranial retraction of the 
nerve root. The pedicle above and below should be palpable with a nerve hook. The position of the 
pedicles is indicated

retractor is able to be placed. Though preference varies by surgeon, an approxi-
mately 16-mm tubular retractor is adequate for the performance of this procedure 
(Fig. 9.5). At this time, the operative microscope is brought into the field. If 3D 
navigation is being used, it can provide a helpful confirmation of the docking site, 
defining safe boundaries for resection, or locating specific foraminal pathology. A 
high-speed burr is used to remove the medial third of the facet joint and the lateral 
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aspect of the lamina. Along the path of the exiting nerve root, Kerrison rongeurs are 
used to remove bone to widen the area of decompression. Patient-specific pathology 
can be addressed at this time. For example, if symptoms are predominately due to a 
foraminal disc fragment, it can be accessed and carefully removed at this time. After 
adequate decompression is achieved and hemostasis obtained, the tubular retractor 
is removed, antibiotic irrigation applied, and the incision closed in the usual fashion. 
In terms of complication avoidance, it should be noted that while foraminotomy 
carries a risk of destabilization leading to a mechanical failure, this is seen more 
often when 50% or more of the medial facet joint is removed [28].

 Tubular Cervical Unilateral Laminotomy 
for Bilateral Decompression

Open cervical laminectomy is an effective procedure for decompression but involves 
a relatively long recovery time due to the pain associated with the muscular dissec-
tion in the posterior neck and risks including delayed instability and kyphotic defor-
mity development [29, 30]. In elderly patients, significant pain impairing the ability 
to walk safely can be associated with high morbidity. The use of a unilateral 
approach to achieve bilateral decompression was first described in open lumbar 
surgery, subsequently modified with a minimally invasive technique, and now rou-
tinely used at all spinal levels [31–34]. Ideal candidates are symptomatic from cen-
tral compression and have no evidence of instability or segmental kyphosis 
(Fig. 9.6). Compared with open laminotomy, the unilateral laminotomy for bilateral 
decompression (ULBD) technique is associated with less muscle injury, bone 
removal, and blood loss. While studies comparing open to MIS cervical laminot-
omy have not been performed, this comparison in other spinal segments suggests a 
reduced rate of infections, narcotic use, and shorter length of hospital stay. This is 
of particular benefit in the elderly population where an added level of invasiveness 
would be more risky [35].

Several key surgical steps and operative nuances are notable. For this procedure, 
the patient is in prone position with neck in a neutral position. The patient should be 
well padded and secured to the bed (as the bed will be rotated to perform “over-the- 
top” decompression). At this point, the entry site can be determined with fluoro-
scopic guidance or 3D navigation. An approximately 3-cm incision is made at the 
surgical level. A combination of sharp dissection and electrocautery can be used 
until the fascia is visualized. Dilators are sequentially placed until an appropriately 
sized tubular retractor (~16 mm) can be placed. Beginning at the caudal aspect of 
the lamina and moving cranially, a high-speed drill is used to remove bone to expose 
the ligamentum flavum. To perform the contralateral decompression, the operating 
room table is rotated away from the surgeon (Fig. 9.7). The spinous process is then 
undercut, and the anterior aspect of the contralateral lamina is removed with the 
high-speed drill. The ligamentum flavum is left in place as much as possible during 
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Fig. 9.7 Intraoperative 3D navigation pictures showing adequate unilateral and over-the-top con-
tralateral decompression

Fig. 9.6 A 65-year-old female patient presenting with multilevel cervical degenerative with 
degenerative disc disease at multiple levels but most notably severe central stenosis at C4–5 due 
mainly to ligamentous hypertrophy. This pathology was amenable to tubular decompression via 
unilateral approach for bilateral decompression

this step to protect against incidental durotomy. A Frazier suction tip is used to gen-
tly depress the ligamentum flavum to allow for efficient bony removal. At this point, 
care must be taken not to exert excess force on the spinal cord with the Frazier suc-
tion tip. A ball tip probe is used to carefully remove the ligament where it remains 
attached to bone. Next, a Kerrison rongeur is used to resect the remaining ligament. 
Finally, the laminotomy bed is inspected and meticulous hemostasis obtained. After 
antibiotic irrigation, the incision is closed in the usual fashion.
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 Conclusion

The number of elderly patients seeking medical care for spinal disorders is increas-
ing and will continue to increase. Given the dramatic improvement in functional 
status and quality of life that can accompany surgical treatment of debilitating spine 
disorders, it is important to have pathology-specific options in this higher-risk popu-
lation. When patient-specific pathology and surgical readiness are favorable, mini-
mally invasive options offer several potential advantages over open approaches 
including decreased risk of blood loss, infection, and postoperative narcotic require-
ments. While anterior surgery in the elderly can be unavoidable in some cases, sev-
eral posterior MIS approaches are worth noting. Posterior percutaneous facet cages 
can offer an MIS alternative to traditional lateral mass screws or used to augment 
anterior procedures. In cases of unilateral radiculopathy due to foraminal pathology 
without contraindications, MIS posterior foraminotomy is a great option allowing 
the surgeon to avoid placement of a permanent implant, avoid the anterior approach, 
and allow for motion preservation. Lastly in cases of central stenosis, MIS tubular 
unilateral laminectomy for bilateral decompression has proven safe and effective. 
While all of these procedures can be performed with fluoroscopy, they are all well 
suited to be performed with the aid of 3D navigation.
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Chapter 10
Subaxial Spinal Trauma

Asdrubal Falavigna and Charles André Carazzo

 Introduction

The expected number of people over 65 years of age in the American population in 
2030 is 88.5 millions [1]. Consequently the incidence of cervical spine fractures in 
the elderly will increase at the same rate [2]. In those cases, the association of severe 
neurological injuries and incidence of complications and high mortality are observed 
[1, 3, 4].

Cervical spine traumatic fractures are common in the elderly [5]. Upper cervical 
spine fractures are more frequent due to the anatomical and biomechanical condi-
tions of these patients, but subaxial spine injuries are also common, with an inci-
dence of injury even higher than C0–C2 fractures in the 65–75 age group [6]. More 
than half of the injuries occur in C5–C7 segments [5, 6]. Low-energy trauma can 
lead to unstable and complex fractures in the elderly population due to senescence- 
associated changes of osteopenia and degeneration [6].

Early diagnosis and individualized treatments are essential to improve survival in 
these patients, who generally have significant comorbidities which increase the risk 
of an unfavorable outcome [7]. Protocols for radiographic investigation in elderly 
patients with the highest probability of fracture/luxation reported the importance of 
computed tomography in identifying the injuries [7–9].
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AO Spine Classification is one of the classifications used to categorize the inju-
ries with a high degree of reliability [10]. The decision-making process and treat-
ment planning depend on injury morphology, neurological impairment, and the 
patient’s comorbidity, frailty index, and general health conditions [11]. Unstable 
subaxial cervical spine injuries should be treated surgically by anterior, posterior, or 
combined approach, unless the patient’s condition contraindicates the procedure 
[11]. Conservative treatment with a cervical collar or halo vest is reserved for minor, 
stable fractures without risk of neurological injuries, or in special situations of 
patients who do not present the clinical conditions for surgical treatment [12, 13].

 Epidemiology

The elderly population is growing worldwide with a major risk for traumatic mus-
culoskeletal injuries [14]. The proportion of major trauma patients aged over 
75 years rose sharply from 8.1% to 26.9% between 1990 and 2013 in the UK and 
12% of elderly Americans go to emergency departments annually for injury [14, 
15]. The most common location of fractures includes the hip, radius, humerus, and 
cervical spine [4].

The incidence of traumatic cervical spine fractures demonstrates a bimodal class, 
between 15–54 and 65–80 years of age [14]. The prevalence of cervical fracture is 
2.6–4.7% in patients older than 65 years, and the great majority of injuries occur 
from lower-energy traumas such falling from a standing position [16]. The inci-
dence of fractures in the subaxial spine is approximately 30%, usually related to 
high-intensity trauma [17].

 Etiology

The causes of a higher incidence of cervical spine fractures in elderly people have 
been attributed to the increasing number of falls, greater risk of motor vehicle acci-
dents, and the biochemical attrition associated with senile osteopenia and tissue 
degeneration [1, 18]. Cervical fractures in elderly patients usually occur as a conse-
quence of low-energy trauma from standing or seated height, related to reduced 
visual acuity, peripheral neuropathies, reduction of reaction time, and blunting of 
reflexes [19].

Spivak et al. (1994) retrospectively studied 2059 patients with cervical trauma 
and divided their analysis according to age (<40 and >65 years) [17]. He found a 
significant difference in etiology between these two groups of patients. Adults under 
40 years of age presented traumas related mainly to automobile accidents and div-
ing (40.9% and 19.1%), while in patients over 65 years of age, fall injuries were 
responsible for 71.5% [17]. The main injuries in elderly patients due to falls occurred 
in the high cervical spine (69.8%) and the minority in the subaxial spine (30.2%), 
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inferring that for lesions in the subaxial spine, they would probably need more 
energy trauma [17].

Asemota et  al. (2010) collected data from the Nationwide Inpatient Sample 
(NIS) that represents 20% of the stratified sample of all US inpatients [2]. They 
analyzed 167,278 older adults with a median age of 81 years, whose main cause of 
injury in 51.2% was a fall. Isolated cervical fracture was observed in 91.3% and 
associated with spinal cord injury in 8.7% [2].

Lomoschitz et  al. (2002) evaluated 225 cervical traumas and analyzed them 
according to two age groups (65–75 years and >75 years) [6]. The main etiology of 
spinal injuries in patients aged 65–75 years was high-energy trauma, like car acci-
dents and falls from a greater than standing height, and usually located in the sub-
axial spine. On the other hand, the injuries in patients over 75 years of age occurred 
mostly due to lower-energy trauma, like falls from standing or seated height, and the 
majority are located in the upper cervical region [6].

Under normal conditions, C3–C7 segments are more mobile and predisposed to 
injury, but with advancing age, these segments become stiffer, and C1–C2 become 
the most mobile portion of the cervical spine. The biomechanical changes in the 
spine of the elderly population are associated with osteoporosis and degeneration of 
muscle, ligaments, and intervertebral disc, which determines the higher incidence 
of fractures in these patients with low-energy traumas [3].

Although the upper cervical spine (C0–C2) is more affected, the multiple level 
fractures have a 30–40% incidence of multiple fractures, which may be adjacent to 
or distant from the injured vertebrae (Fig. 10.1) [1, 6].

Fig. 10.1 A 75-year-old male with 2 ft fall and multiple fractures: fracture in lamina of C3, right 
facet joint C5, and vertebral body of T3 and T4
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 Diagnosis

The main difficulties to diagnose subaxial cervical fractures in the elderly are the 
poor visualization on plain films and the specific anatomical alterations like osteo-
penia and osteoarthritis. The majority of the guidelines suggest that decision- making 
for radiography should be based on the Canadian C-spine Rule and NEXUS 
(National Emergency X-radiography Utilization Study) [8, 9, 20].

The NEXUS rules were described in 1998 by Hoffman et al. [8] to select low risk 
for spine injuries of patients based on five criteria: (1) absence of intoxication, (2) 
absence of posterior midline neck tenderness, (3) no distracting painful injury, (4) 
without altered level of alertness, and (5) without altered neurologic function 
(Table 10.1). A validation study of NEXUS rules in 34,069 patients with cervical 
spine injury showed 99.6% sensitivity and 12.9% specificity [21]. Nevertheless, its 
use is questionable in elderly patients over 65 years, because the data is very contra-
dictory, with sensitivity ranging from 89% to 100% [22, 23]. The difficulties and 
confounding factors related to the NEXUS rules leading to missed injury are (1) no 
pain on initial presentation and denied tenderness on palpation, (2) subjective crite-
ria of absence of distracting painful injury, and (3) different interpretation of altered 
level of alertness [7, 24].

The Canadian C-spine Rule is based on three high-risk criteria, five low-risk 
criteria, and the ability of patients to rotate their necks (Fig. 10.2) [20]. The study 
was conducted in 8924 patients with cervical spine fracture, with 100% sensitivity 
and 42.5% specificity to identify the injuries. Unfortunately, little benefit from the 
Canadian C-spine Rule was observed for elderly patients, as it requires a Glasgow 
Coma Score (GCS) of 15 and images for any patient over 65 years old [20].

The decision should be made based on individualized clinical aspects, the neuro-
logic examination, patient’s comorbidity, type of injury, and the energy of the 
trauma. The appropriate diagnostic test for this scenario is the computed tomogra-
phy, despite considerations regarding cost and high exposure to ionizing radiation. 
The question to be asked is: Which elderly patients with trauma should be exposed 
to CT? High-quality plain radiographs of the cervical spine, including an open- 
mouth and dens vision, remain a valuable screening tool for a low probability of 
injury in elderly patients up to 75 years old [3]. Above 75 years old, the probability 
of injury increases substantially, and CT should be performed if there is a clinical 
suspicion of spine fracture [3].

Table 10.1 NEXUS 
(National Emergency 
X-radiography 
Utilization Study)

1. Absence of intoxication
2. Absence of posterior midline neck tenderness
3. No distracting painful injury
4. Without altered level of alertness
5. Without altered neurologic function
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Any high-risk factor that mandates
radiography?

Radiography

No radiography

Able to ratate neck actively?

Any low-risk factor that allows safe
assessment of range of motion?

- Age ≥ 65yr or
- dangerous mechanism

- paresthesias in extremities

- Simple rear-end motor vehicle
collision

- Sitting position in the emergency
department

-Ambulatory at any time
- Delayed (not immediate onset of neck

pain
- Absence of midline cervical-spine

tenderness

No

Yes

Yes

Yes

45 ° left and right

No

Unable

Fig. 10.2 Canadian C-spine Rule: high-risk criteria, low-risk criteria, and the ability of patients to 
rotate their necks

 Classification

Classifications have been proposed to standardize the diagnosis and management: 
Holdsworth [25], Allen and Fergusson [26], Magerl [27], Subaxial Injury 
Classification System (SLIC) [28], and AOSpine Classifications [10]. The AOSpine 
Classifications of subaxial spine fracture combine the clinical, neurological, and 
morphologic parameters. The fractures were classified as vertebral compression 
(type A), disruption of either the anterior or the posterior tension band (type B), and 
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disruption of both the anterior and the posterior tension bands with translatory insta-
bility (type C). In addition, facet joint injury, neurologic status, and comorbidities 
were also evaluated (Fig. 10.3) [10, 29].

BL Bilateral Injuries

Type F Facet Injuries

AO Spine Subaxial Injury
Classification System

Disclaimer:

1.Vaccaro AR, Koerner JD, Radcliff KE, Oner FC, Reinhold M, Schnake KJ, Kandziora F, Fehlings MG, Dvorak MF, Aarabi B, Rajasekaran S, Schroeder GD, Kepler CK, Vialle LR. “AOSpine subaxial cervical spine injury classification system.” Eur Spine J., February 26, 2015. (e-pub)

Algorithm for morphologic classification

Classification Nomenclature

Modifiers
Type

M1

M3

M4

M2

Description

Posterior Capsuloligamentous Complex injury without complete disruption.

Stiffening/metabolic bone disease (ie DISH, AS, OPLL, OLF).

Vertebral artery abnormality.

Critical disc herniation.

C6-C7 translation injury (C)
with a C7 compression fracture (A1)

C6-C7 flexion-distraction-injury (B2) with perched facet dislocation on right side (F4), 
facet fracture on the left side (F2), radiculopathy C7 (N2) and ankylosing spondylitis (M3)

Primary injury

Secondary facet injurySecondary injury(C7: A1) (F4*, F2*, N2, M3)

C6-C7: C C6-C7: B2**

Neurologic status
and modifiers

*If there are multiple injuries to the same facet – for example: small fracture (F1) and dislocation (F4) –, 
only the highest level facet injury is classified (F4).

**If only facet injuries are identified – no A, B, or C injury –, they are listed first after the level of injury.

Further information:
www.aospine.org/classification

© 2020 AO Foundation, AO Spine
This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International 
License.
To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/

START YES

YES

NO

NO

NO

NO No injury

NO

NO

YES

YES

YES

YES

YES

Displacement/
Dislocation

Vertebral process
fracture

Mono-segmental
osseous disruption

Anterior

Osseoligamentous 
disruption

Posterior wall involvement YES

NO Both endplates
involved

Tension band 
injury YES

Vertebral body 
fracture YES

Both endplates
involved

Translation

Hyperextension

Pure transosseous 
disruption

Osseoligamentous 
disruption

C

Insignificant injuryA0

Complete burstA4

B3

Split/PincerA2

B1

Wedge/ImpactionA1

Incomplete burstA3

B2
Posterior

Type A Compression Injuries Type B Tension Band Injuries Type C Translation Injuries

Neurology
Type

NX

+

N2

N0

N3

N4

N1

Neurological

Cannot be examined

Continued spinal cord compression

Radicular symptoms

Neurology intact

Incomplete spinal cord injury or 
any degree of cauda equina injury

Complete spinal cord injury

Transient neurologic deficit

Minor, nonstructural fractures
No bony injury or minor injury such as an isolated 
lamina fracture or spinous process fracture.

Posterior tension band injury (bony)
Physicalyy separation through fractured bony
structures only.

Antett rior tension band injury
Physicalyy disruption or separation of the anterior 
structures (bone/disc) // with tethering of the posterior 
elements.

Posterior tension band injury 
(bony capsuloligamentous, ligamentous)
Complete disruption of the posterior 
capsuloligamentous or bony capsuloligamentous
structures together with a vertebral body, disc, and/
or facet injury.

Bilateral injury

TrTT anslational injury in any axis-
displacement or translation of one 
vertebral body relative to another in any 
ddiirreeccttiioonn

Nondisplaced facet fracture
With fragment <1cm in height, <40% of lateral mass.

Facet fracture with potential for 
instability
With fragment >1cm, > than 40% lateral mass, or 
displaced.

Floaoo ting lateral mass

Pathologic subluxation or perched/
dislocated facet

Wedge-compression
Compression fracture involving a single endplate 
without involvement of the posterior wall of the 
vertebral body.

Split
Coronalrr split or pincer fracture involving both 
endplates without involvement of the posterior wall 
of the vertebral bodyyyyyyy.

Incomplete burst
Burst rr fracture involving a single endplate with
involvement of the posterior vertebral wall.

Complete burst
Burst rr fracture or sagittal split involving both
endplates.

Fig. 10.3 AOSpine subaxial classification
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 Treatment

Treatment of subaxial spine injuries in elderly patients is challenging. They require 
several comorbidities, disabilities, low physiologic reserve, and osteoporosis [19]. 
Patient requires a personalization of the management and precision medicine to deal 
safely with different and concomitant variables presented, making the standardiza-
tion of guidelines difficult and controversial [30].

Therapeutic strategies are generally based on the injury morphology, neurologi-
cal deficit, and time of trauma. In elderly patients, close attention should be given to 
pre-existing pathologies, bone quality, healing potential, medications taken, and 
capacity to tolerate a surgical intervention (Table 10.2) [11].

Table 10.2 Operative and nonoperative treatment according to AO Spine cervical spine 
classifications

Type of 
fracture Nonoperative treatment Operative treatment

A
   A0 Soft cervical collar for a short 

period (maximum 6 weeks)
Not indicated

   A1 Soft cervical collar for a short 
period (maximum 6 weeks)

If kyphotic angulation >15°: Anterior 
monosegmental fusion

   A2 Soft cervical collar for a short 
period (maximum 6 weeks)

If kyphotic angulation >15°: Anterior bisegmental 
fusion

   A3 If kyphotic angulation <15° 
and no relevant narrowing of 
the spinal canal: Rigid 
cervical collar for 6 weeks

Anterior fusion is recommended either in a mono- or 
bisegmental manner, depending on the degree of 
vertebral destruction

   A4 Not indicated Anterior bisegmental fusion
B
   B1 Hyperextended cervical 

orthesis in specific cases
Posterior bisegmental instrumentation

   B2 Not indicated Surgical stabilization is recommended: Anterior, 
posterior, or combined approach and the decision for 
fusion length (mono- or bisegmental) mainly 
depends on the A-component (degree of vertebral 
body destruction)

   B3 Not indicated Anterior monosegmental fusion
C
   C Not indicated Surgical stabilization is recommended: Anterior, 

posterior, or combined approach and the decision for 
fusion length (mono- or bisegmental) mainly 
depends on the A-component (degree of vertebral 
body destruction)

(continued)
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Table 10.2 (continued)

Type of 
fracture Nonoperative treatment Operative treatment

F
   F1 Cervical collar may be used 

for pain relief for a short 
period (maximum 6 weeks)

Not indicated

   F2 If isolated F2 fracture can be 
treated with rigid cervical 
collar for 6 weeks

Usually components of unstable B- or C-injuries, 
which dictate the surgical strategy. Possible nerve 
root compression by the facet fragment may 
therefore require an additional posterior approach in 
case of an anterior stabilization

   F3 Not indicated Usually components of unstable B- or C-injuries, 
which dictate the surgical strategy. Possible nerve 
root compression by the facet fragment may 
therefore require an additional posterior approach in 
case of an anterior stabilization

   F4 Not indicated – Usually components of unstable B- or C-injuries, 
which dictate the surgical strategy. Possible nerve 
root compression by the facet fragment may 
therefore require an additional posterior approach in 
case of an anterior stabilization
– Unilateral or bilateral locked facets require a 
differentiated concept in order to ensure safe 
reduction without neurologic involvement and the 
anterior, posterior, or combined approach can be 
indicated

M

   M3 Not indicated Ankylosing disease (e.g., ankylosing spondylitis, 
DISH) is an indication for posterior multilevel 
stabilization reduction of the preinjury sagittal profile 
is not mandatory; instead correction of a pre-existing 
kyphotic deformity is often possible

Cervical collar treatment with different degrees of stiffness or a halo vest can be 
used for external immobilization. The orthoses are usually indicated for patients 
with type A0, A1, and A2 AO Spine fractures. The type A3 injuries occur in oligo-
symptomatic patients with <15° kyphosis without spinal cord compression. In those 
cases, a Philadelphia collar for a period of 6–12 weeks is indicated. Halo vest is an 
option for cases with greater instability in patients with contraindications for sur-
gery. Patients should be followed and imaging studies performed 8–12 weeks after 
immobilization, looking for possible neurological deterioration, secondary dis-
placement of the fracture, or post-traumatic deformity. Physical therapy should be 
started after radiographic bone healing.

Surgical treatment is indicated in type A4, B, and C AO Spine fractures. The 
goals of surgical treatment are to treat the spine instability, reduce the risk of late 
deformities, and revert neurological injury (see Fig. 10.4).
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a

d e

b c

Fig. 10.4 A 68-year-old man with a roof fall and tetraparesia. (a) AO Spine fractures type C, 
C7–T1; A1, T1; F4 bilateral. (b) Locked right facet. (c) Locked left facet. (d) MRI image showing 
spinal cord compression. (e) Surgical treatment (anterior and posterior fixation)

Facet injuries need to be analyzed individually. F1 injuries are stable and should 
be treated with a cervical collar. Type F2, F3, and F4 facet injuries are usually seen 
in unstable type B or C lesions, which require surgical intervention for fixation. The 
type of surgical approaches, anterior, posterior, or combined, depends on the degree 
of kyphosis, bone dislocation, bone density, and associated neurological deficit [11].
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Special attention should be given to the M3 modifier in elderly patients with 
ankylosing spondylitis and diffuse idiopathic skeletal hyperostosis (DISH). The 
combination of trauma and ankylosis creates long lever arms acting on a hard and 
stiff spine, which usually results in highly unstable fractures, even with low-energy 
traumas.

The spinal cord has an increased risk of bruising or transection due to the natural 
degenerative cervical stenosis observed in elderly patients, leading to a high rate of 
neurological deficits directly related to the trauma or secondary to spine instability. 
The surgical treatment for this group of patients is the posterior approach using long 
instrumentation construction. A combined approach is indicated in some cases 
[3, 11].

 Outcomes, Mortality and Complications

The main objectives of treatment in patients with cervical spine trauma are the bio-
mechanical restructuring of the spine, reduction of the fracture, realignment, stabi-
lization, neural decompression, and bone fusion. Although spine surgeons are aware 
of those surgical indications, the rate of complications and mortality in elderly 
patients is not clear because a significant proportion of them have different comor-
bidities that affect surgical risk, complications rate, and the incidence of mortality.

There are studies that attempt to improve prediction and management in elderly 
patients with cervical spine fracture, but the majority of them are retrospective 
series with little evidence [17, 31].

In 1994, Spivak et al. reported a retrospective study of 2059 patients with spine 
injury [17]. Cervical spine trauma was observed in 1174 cases (57%) with a general 
mortality rate of 25.9% in patients over 65 years old, and in 80% of the cases, the 
fracture was located in the subaxial region [17]. The main causes of death were 
cardiac arrest (38%), pneumonia (14%), and sepsis (14%) [17].

In 1999, Olerud et al. published a retrospective series of 65 elderly patients with 
cervical spine trauma [31]. The mortality rate was 38.5%, and the main factors asso-
ciated with higher mortality were the presence of preinjury diseases, severe neuro-
logical injury, increased age, and the presence of ankylosing spondylitis [31]. The 
conclusion of those papers was that high mortality is expected in elderly patients 
with cervical spine trauma, independently of the treatment performed, conservative 
or operative.

A study conducted in 2005 by Jackson et  al. evaluated 458 patients aged 
18–94 years who underwent operative treatment of cervical spine trauma. Upper 
cervical spine fracture was observed in 12.2% of cases, and 87.8% of patients had 
subaxial spine fractures. Of these, 74 patients (16%) were over 65 years old. In this 
group there was a mortality rate of 12.2%. Important risk factors for mortality were 
the presence of neurologic involvement (20% mortality in a complete neurological 
injury × 16.7% in incomplete injury × 0.0% in neurologically intact) and injury 
level (40% mortality in C7, 18.2% in C6, 3.6% in C5, 21.4% in C4, 16.7 in C3, and 
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0.0% in C1–C2). The main complications were cardiac arrhythmia (12.6%), pneu-
monia (10.8%), and urinary tract infection (5.4%) [32].

Conservative treatment was evaluated for two studies. In 2019, Nakanishi et al. 
reported that a retrospective series of 1154 older cervical trauma patients treated 
with cervical collars showed 5.1% of collar-related complications when used for 
more than 24 h. The main complications were pressure ulcer (12.2%) and hospital- 
or ventilator-associated pneumonia (11.1%) [12]. In 2015, Sharpe et al. evaluated 
the impact of a halo vest on outcomes in patients with cervical spine fractures with-
out spinal cord injury. The mortality in halo vest patients older than 54 years was 
13% vs. 0% in those younger than 54 years, and the unit length of stay was signifi-
cantly increased in older patients despite less severe injury. They concluded that 
treatment with a halo vest in older patients is a potential risk for complications and 
mortality and should be strongly considered before placement in this patient age 
group [13].

Comparative studies between conservative and surgical treatment regarding mor-
bidity and mortality showed variable results. In 2007, Sokolowski et al. evaluated 
193 elderly patients of a series of 979 cervical trauma patients. The mortality of 
operated and non-operated patients was similar (12% vs. 15%). In 2010, Harris 
et al. published a retrospective series of 640 patients above and 64 years old that 
showed a mortality of 19% in 3 months and 28% in 1 year. Of these, surgical treat-
ment was associated with a lower mortality in the first 3 months compared to con-
servative treatment (18% vs. 20%), but 1-year mortality was similar between the 
two treatment groups (27% vs. 28%) [4]. In 2018, Godat et al. reported a study that 
evaluated 10,938 patients and showed a mortality rate of 10% at initial admission, 
28% at 1 year and 50% at 15 years. The initial mortality was 7% in the patients 
treated with a halo vest and 6% in those treated surgically, but at the end of 1 year, 
it increased to 26% and 19%, respectively. They concluded that the surgical treat-
ment is associated with improved survival in this group of patients [30]. In 2010, 
Middentorp et al. published a systematic review that included 26 studies in elderly 
patients with cervical spine fractures. As regards mortality, an overall mean of 22% 
was reported, and the cause of death was not reported in 46% of the studies. The 
most frequent cause of death was myocardial infarction (16%), cerebral disorder, 
and head injury (5.2%). The overall conclusion was that pre-existing comorbidities, 
concomitant injuries, follow-up, and cause of death need to be reported more clearly 
in the studies to strengthen the validity of risk factors for mortality in older patients.
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Chapter 11
Anterior vs. Posterior Cervical Approaches 
for the Elderly

Nathan J. Lee, Andrei F. Joaquim, and K. Daniel Riew

 Introduction

In recent decades, there has been a dramatic increase in the prevalence of cervical 
degenerative disease requiring surgery [1–5]. This is likely due to the aging popula-
tion in the United States [6]. According to the United States Census Bureau, one in 
five Americans will be 65  years and older by 2030. Although various surgical 
options exist for the treatment of cervical degeneration, the ideal approach depends 
on a multitude of factors. This is further complicated in the elderly patient, who is 
known to be at significant risk for worse complications for both anterior and poste-
rior cervical spine surgeries than their younger counterparts [7–11].

There is some controversy regarding the efficacy and safety of surgical decom-
pression for cervical disease in elderly patients in comparison to younger patients. 
Numerous studies have identified age as a significant risk factor for complications. 
This may be attributed to the fact that older patients are associated with increased 
medical comorbidities, age-related changes to the spinal cord, more severe degen-
erative pathology requiring more complex surgery, and diminished physiologic 
reserve [12–15]. Another important factor is the bone quality of an aging spine. It 
has been shown that osteoporotic patients have slower and less reliable bone healing 
[16–18]. In a national study by Guzman et al., patients with osteoporosis were found 
to have significantly higher rates of revision surgery after an elective cervical spine 
procedure in comparison to those without osteoporosis [11]. Poor bone quality may 
increase the risk for bone-implant failure, interbody cage subsidence, screw pullout, 
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pseudarthrosis, adjacent level degeneration, compression fractures, and junctional 
kyphosis, which may necessitate revision surgery.

In a recent prospective, multicenter study, Nakashima et al. studied 479 patients 
with degenerative cervical myelopathy who underwent cervical decompression 
with or without fusion and compared the outcomes and complications between 
older (≥65 years old, n = 119) and younger cohorts (<65 years old, n = 360) [19]. 
After controlling for a number of surgical factors (e.g., number of decompressed 
levels, surgical approach, corpectomy), older patients were found to be at signifi-
cantly higher risk for worse neurological outcomes and reduced recovery rates than 
younger patients. This is likely to due to the changes in the composition of the spi-
nal cord and diminished physiologic reserve in older patients. It is important to note 
that the absolute changes in functional scores were still substantial and in excess of 
the MCID in the older cohort. Furthermore, no differences were observed in specific 
perioperative complications, including C5 nerve root palsy, superficial or deep 
infection, dysphagia, and dural tear. However, older patients experienced greater 
rates of screw malposition and longer length of postoperative stay (older: 13 days 
vs. younger: 9.5 days, p = 0.009). Given that age is an independent predictor of 
functional status in patients with degenerative cervical disease, it is necessary to 
critically assess and discuss with the elderly patient the ideal surgical approach and 
options in order to ensure a successful outcome.

 Patient Selection

Several surgical techniques exist for both anterior and posterior approaches to the 
cervical spine. The decision to choose one approach over the other may be based on 
the cervical alignment, number of levels requiring decompression, approach-related 
complications, and other factors, such as the presence of ossification of the posterior 
longitudinal ligament (OPLL), body habitus, short neck, and surgeon preference. In 
some cases, there may be a clear benefit of one approach over the other. For instance, 
an anterior approach is preferred for those with focal kyphosis with significant ante-
rior cord compression. In situations where there is true equipoise between anterior 
and posterior-based surgeries, it is likely that a well-performed operation from 
either approach will achieve similar outcomes for the patient [20]. The following 
are important factors that should be considered when deciding the optimal surgical 
approach:

 Cervical Spine Alignment

The cervical sagittal alignment is commonly measured as the Cobb angle from C2 
to C7. Normally, the cervical alignment ranges from 20 to 35 degrees of lordosis 
[21]. Generally, non-instrumented posterior-based approaches (e.g., laminoplasty, 
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laminectomy) should not be performed for a fixed, kyphotic cervical spine, espe-
cially when the focal kyphosis exceeds 13 degrees [22]. In a kyphotic cervical spine, 
the spinal cord is draped over the vertebral body and is compressed by anterior 
pathology (e.g., disc, osteophyte). If a posterior decompression is performed with-
out any correction to the sagittal alignment, the spinal cord will not “float away” 
from the ventral compression. On the other hand, when the cervical spine is straight 
to lordotic, a posterior decompression will allow the spinal cord to drift dorsally and 
away from the anterior pathology, thus resulting in indirect ventral decompression.

Other relevant sagittal parameters to consider include C2-C7 sagittal vertical 
axis (SVA) (the deviation of the C2 plumb line from the centroid of the axis to the 
posterior/superior endplate of C7) and the T1 slope minus C2-C7 lordosis (T1S-CL) 
(Fig. 11.1). The T1 slope is the angle between the horizontal line and the upper 
endplate of T1 (Fig. 11.2). According to Hyun et al., both C2-C7 SVA and T1S-CL 
are positively correlated with worse neck disability index (NDI) scores. Specifically, 
a C2-C7 SVA value greater than 43.5 mm and a T1S-CL value greater than 22.2 
degrees are statistically significant cutoffs for worse NDI scores (>25) at a mini-
mum 2-year follow-up [23]. These parameters may be useful in determining whether 
a posterior approach without instrumentation or fusion would be appropriate, since 

Fig. 11.1 C2-C7 sagittal 
vertical axis (SVA) is the 
deviation of the C2 plumb 
line from the centroid of 
the axis to the posterior/
superior endplate of C7
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Fig. 11.2 The T1 slope is 
the angle between the 
horizontal line and the 
upper endplate of T1

inadequate correction and maintenance of sagittal balance will lead to worse out-
comes [24, 25]. In elderly patients, correction of these sagittal parameters should be 
balanced with the medical risks of a more extensive procedure.

 Number of Levels Requiring Decompression

The location of the compressive pathology and the number of levels involved are 
important factors in choosing the surgical approach. For instance, mechanical com-
pression of the neural elements may be from facet joint hypertrophy, intervertebral 
discs, vertebral bodies, hypertrophy of the ligamentum flavum, and OPLL. A poste-
rior approach can indirectly decompress the entire cervical spine, in comparison to 
an anterior approach, which is typically limited cranially to C2. Conversely, an ante-
rior approach may be favored in the setting of focal kyphosis, significant anterior 
neuroforaminal compression, and large disc herniations compressing the ventral 
spinal cord, or short-segment disease with only one or two levels requiring 
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decompression. When more than three levels are involved, anterior cervical fusions 
are known to be associated with significantly higher rates of pseudarthrosis particu-
larly at the more caudal levels, postoperative hematoma requiring secondary sur-
gery, and dysphagia attributed to greater soft tissue swelling [26–31]. Of note, 
dysphagia is commonly present in elderly patients preoperatively, and this should 
be taken into account. Therefore, an anterior approach is typically preferred for one- 
to three- level cases.

 Approach-Related Complications to Consider

In a recent prospective multicenter study, Kato et al. compared the perioperative 
complications and the 2-year patient-reported outcomes between those who received 
an anterior and a posterior surgical approach for the treatment of degenerative cervi-
cal myelopathy [20]. These authors found that the overall complication rates and 
2-year patient reported outcomes were not statistically different between cohorts. 
However, in the sub-analysis, they found that the complication profiles were signifi-
cantly different based on surgical approach (e.g., anterior, dysphagia/dysphonia; 
posterior, surgical site infection, C5 radiculopathy).

Another recent large prospective, controlled multicenter study on myelopathy 
patients, by Ghogawala et al., found that laminoplasty had significantly better SF-36 
Physical Component Summary scores (9.72) when compared with anterior proce-
dures (5.2; P  =  0.04) and posterior decompression and fusion (4.53; P  =  0.05). 
Laminoplasty also had the lowest major complication rate of 7%, compared to 15% 
for anterior decompression and fusion and 20% for posterior decompression and 
fusion (p = 0.04) [32].

 C5, C8, and T1 Nerve Root Injuries

C5 nerve root palsy is a common complication that has been observed after anterior 
and posterior cervical surgery. According to a recent meta-analysis, the prevalence 
of C5 nerve root palsy over the last decade is about 6.3% [33]. However, this is most 
commonly seen after posterior cervical approaches. It is thought that C5 palsy can 
result from stretch neuropraxia, when there is excessive cord shift posteriorly after 
decompression. The C5 nerve root has a relatively more horizontal and shorter tra-
jectory, which may increase its vulnerability to traction, especially in severely 
degenerated spines, most commonly found in elderly patients. Furthermore, inade-
quate neuroforaminal decompression at the C4-C5 level can likely exacerbate the 
neuropraxia. If conservative management fails and advanced imaging confirms 
nerve root compression consistent with patient symptoms, then revision surgery 
involving an anterior based approach may be necessary. An anterior C4-C5 
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discectomy can increase foraminal height and perhaps decrease the risk for C5 
palsy after an isolated posterior approach.

C8 and T1 nerve palsies are less frequent nerve root injuries. On exam, they are 
associated with weakness to the intrinsic muscles of the hand and ulnar-based 
numbness along the hand and forearm. A preoperative lordosis position test can be 
useful in determining the surgical approach. In this test, the patient is positioned 
supine with the neck extended for several minutes. If the patients begin to experi-
ence paresthesia, weakness, or pain in the arms, then it may be necessary for a 
combined anterior and posterior approach. In patients with significant disc height 
loss at the level of the foraminal stenosis, a foraminotomy alone will not fully 
address the stenotic level, since a foraminotomy increases the anterior-posterior 
dimension of the foramen and not its height. Furthermore, creating lordosis without 
restoring disc height may worsen the foraminal height. Therefore, an anterior 
approach may be necessary to restore disc height to distract the stenotic foramen.

 Dysphagia

The most common complication after anterior cervical spine surgery is dysphagia. 
The incidence has been reported to be greater than 50% in the early postoperative 
period [34]. Fortunately, the symptoms typically improve within a few weeks in the 
majority of patients. Possible mechanisms include esophageal retraction, direct cer-
vical plate irritation to the esophagus, hematoma, soft tissue swelling and edema, 
and nerve root injuries. Generally, the pharyngeal plexus may be injured in surger-
ies from C2-C5, the superior laryngeal nerves from C3-C4, the recurrent laryngeal 
nerves between C5 to T1 and the hypoglossal nerve in surgeries above C3 [35]. 
According to a prior randomized controlled trial, the approach may affect the inci-
dence of dysphagia as well [36]. Fengben et al. found that a higher incidence of 
dysphagia occurred during C3-C4 level surgery, when dissection was made between 
the tracheoesophageal sheath and the omohyoid muscle. Anatomically, the internal 
branch of the superior laryngeal nerve is easier to identify in the plane between the 
sternocleidomastoid and omohyoid muscles at the level of C3-C4 than in the space 
between the tracheoesophageal sheath and the omohyoid muscle. On the other hand, 
for C6-C7 level surgery, they found that a more lateral approach (between the ster-
nocleidomastoid and omohyoid muscles) was associated with a higher degree of 
dysphagia. Dissection lateral to the omohyoid muscle at this level may require more 
forceful retraction medially to obtain the necessary exposure.

Other known risk factors include multilevel surgeries, a combined anterior- 
posterior approach, female sex, older patients (age > 60 years old), revision proce-
dures, and thicker plates [34, 37–40]. In order to decrease the risk for dysphagia, 
surgeons should avoid a prolonged operative time (or retractor time). If self- retaining 
retraction is used, the surgeon should be mindful of the retraction time and relax the 
retractors whenever possible (i.e., when obtaining x-rays or while cutting bone 
graft). If the retraction time of an anterior approach is more than 3  h, then the 
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surgeon should consider keeping the patient intubated overnight to avoid airway 
compromise. In addition, the operative duration should be considered relative to the 
number of levels involved. For instance, a one-level surgery requiring 3 h of retrac-
tion will likely have more soft tissue swelling and edema than a five-level case with 
3 h of total retraction time, since a shorter time of retraction is spent per level and 
the more extensive exposure allows for reduced retraction force to the operative area.

Retropharyngeal steroids have been shown to significantly reduce the risk for 
dysphagia in a prospective, randomized study and may be particularly beneficial 
when BMP is used [41–43]. However, retropharyngeal steroids should not be used, 
if there is prominent instrumentation as it can further erode an esophagus that may 
be thinned by steroids. Lee and Riew reported two cases of delayed esophageal 
perforation, which likely was related to the use of retropharyngeal steroids [44].

 Dysphonia

Dysphonia is another complication observed after anterior cervical surgery. It is less 
common than dysphagia and has an incidence ranging from 2% to 30% [35]. 
Dysphonia is defined as a change in voice, and the severity can range from mild 
hoarseness to severe speaking problems. This complication can result from either 
direct or indirect injury to the recurrent or superior laryngeal nerves, vocal cord 
trauma, arytenoid dislocation, and laryngeal edema. Symptoms are most often tran-
sient with rates of persistent vocal cord paresis ranging from 0.33% to 2.5% [45, 
46]; however, in cases where persistent vocal cord paresis exists, patients may need 
to be additionally assessed by an otolaryngologist.

 Wound Complications

Wound infection following anterior cervical spine surgery is relatively rare with an 
estimated incidence of 0.2% to 1.6% [30]. Furthermore, among prospective studies, 
the incidence of postoperative cervical hematoma ranges from 0% to 0.7% [47]. 
This may be attributed to the fact that the anterior cervical anatomy is well vascular-
ized and has substantial lymphatic drainage compared to a posterior approach. On 
the other hand, wound complications are known to be more common with a poste-
rior approach. According to a national database study, the 30-day rate for surgical 
site infections after a posterior cervical surgery is about 3% [48]. Risk factors for 
wound complications include chronic steroid use, diabetes, prolonged operative 
time, and morbid obesity. Interestingly, older age does not appear to be a risk factor 
for wound issues [49]. It is possible that the anatomy in the posterior spine is less 
forgiving than the anterior approach and that the higher tensile forces that pull at the 
midline fascia along the backside of the neck may contribute to the higher risk for 
wound issues.
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 Other Considerations

 OPLL

The treatment of cervical myelopathy in patients with OPLL remains somewhat 
controversial, as it depends on a multitude of factors, such as surgical technique, 
surgeon-comfort level, disease severity, the level of OPLL, cervical alignment, and 
potential approach-related complications. An anterior approach typically involves 
anterior discectomy and/or corpectomy with fusion. The main advantage of this 
approach is that it allows for direct decompression; however, this approach can be 
technically demanding, especially when the ossified ligament is densely adherent to 
the ventral dura, and manipulation can result in dural tears. A posterior approach 
can involve laminoplasty or laminectomy with or without fusion. However, in 
patients who have poor cervical kyphotic alignment, an occupying ratio ≥60%, or a 
negative k-line, a posterior-only approach without appropriate realignment has been 
shown to lead to inadequate decompression and significantly worse neurological 
outcomes [50–54]. Severe myelopathy associated with OPLL is a challenging pro-
cedure, especially in elderly patients, with higher risks of complications.

 Pseudarthrosis

Pseudarthrosis is one of the most common complications after cervical arthrodesis 
and is responsible for nearly half of all revision cervical surgeries [55]. A plethora 
of research exist on patient-specific factors (e.g., smoking, obesity, diabetes, chronic 
steroid use, osteoporosis, malnutrition) and surgical risk factors (e.g., higher num-
ber of fusion levels, bone graft type, type of instrumentation, and surgical approach) 
for pseudarthrosis [55, 56]. A posterior fusion has been reported to have lower rates 
of pseudarthrosis compared to an anterior approach; however, for older patients 
who have multiple risk factors and require multilevel fusion, a combined anterior- 
posterior cervical fusion may be considered, as it can provide a greater amount of 
mechanical stability, which may be necessary for fusion in comparison to a single 
approach [57–60]. The potential for early fusion with a combined approach should 
be weighed against the elevated risk for the associated perioperative morbidity (e.g., 
prolonged operative time, greater blood loss, dysphagia, respiratory complications) 
[61, 62].

 Revision Surgery

In the setting of revision surgery, particularly for pseudarthrosis, either an anterior 
or posterior approach may be indicated. Proponents of a posterior approach include 
higher fusion rates, lower reoperation risk, the avoidance of scar tissue, and subse-
quent wound issues if the index surgery was anterior [63–67]. In some cases, an 
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anterior-based surgery may be necessary to address cervical kyphosis, or graft/
implant migration that can only be addressed from an anterior approach [56, 68]. 
Although the majority of literature suggests that a posterior revision surgery pro-
vides the most reliable option for achieving fusion, this has yet to be demonstrated 
in prospective randomized studies.

 Anterior Cervical Approaches

As we have described, there are a number of factors that can be considered when 
choosing the optimal surgical approach. In addition, the surgeon should be aware of 
the various techniques included with either the anterior or posterior approach, since 
there are distinct advantages for each when appropriately indicated.

 Anterior Cervical Discectomy and Fusion (ACDF)

ACDF is a widely performed and successful surgical treatment for various cervical 
pathologies. Advantages for this procedure include excellent visualization for direct 
decompression of the ventral spinal cord for disc herniation, as well as foramen 
decompression, and the ability to restore cervical lordosis [69, 70].

In this procedure, the standard Smith-Robinson approach is performed. Patients 
with prior anterior cervical spine surgery should be assessed for vocal cord function 
by an otolaryngologist prior to another anterior cervical surgery. Generally, the pre-
ferred approach is from the left side due the theoretically lower risk of iatrogenic 
injury to the recurrent laryngeal nerve. If there is an existing vocal cord dysfunction 
from a prior surgery, then surgery should be performed on the same side of the index 
surgery to avoid potentially injuring bilateral recurrent laryngeal nerves. The surgi-
cal technique emphasizes wide exposure (uncinate to uncinate) and meticulous disc 
space and endplate preparation with a combination of curettes and a high-speed burr 
to ensure the largest surface area for fusion, while respecting the integrity of the end 
plates. Fresh frozen iliac crest allograft or fibular allografts are sized and cut intra-
operatively to match the patient’s anatomy. Maximum endplate to allograft contact 
is ensured. It is the author’s preference to use locked anterior cervical plates. Screw 
lengths are sized intraoperatively by gently holding the screw in the disc space and 
finding the maximum length, so that the tip of the screw does not violate or encroach 
upon the spinal canal. Postoperatively, all patients are placed in a hard cervical col-
lar for six weeks. It is the senior author’s protocol that patients be instructed to keep 
the collar on at all times except for self-hygiene and to keep their neck immobile 
even when in the collar. While there is no evidence for this regimen, it is well- 
known that an arthrodesis heals faster when it is held immobile. An anterior plate is 
insufficient to hold a cervical motion segment immobile even immediately post-op 
and gradually loosens every day thereafter until a fusion begins to take place.
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 Other Surgical Considerations

Since being introduced by Smith and Robinson more than 60  years ago, ACDF 
surgery has evolved significantly [71]. With modified burring of the vertebral end-
plates, Bohlman et al. showed significantly higher rates of fusion than traditional 
approaches [72, 73]. The use of plates across a fusion construct was found to sub-
stantially decrease rates of nonunion, especially for multilevel ACDF [74–77].

There remains considerable debate between dynamic and static ACDF plates to 
maximize fusion and minimize complications (e.g., pseudoarthrosis, subsidence, 
kyphotic collapse). Static plates provide rigid fixation but may introduce graft stress 
shielding and reduce mechanical loads necessary for fusion. A dynamic plate can 
facilitate the load sharing but the allowed motion may be excessive and lead to infe-
rior fusion rates, segmental kyphosis, or foraminal narrowing. Earlier biomechani-
cal studies have demonstrated that dynamic plating allows for significantly more 
load transmission by the graft and comparable construct stiffness [78, 79]. A recent 
metanalysis reported that locked plating may improve fusion rates, decrease subsid-
ence, and provide slightly better VAS neck pain scores [80]. Although dynamic 
plates were designed with theoretical advantages over rigid plates, there is currently 
a lack of evidence demonstrating clinical superiority of dynamic over rigid fixation.

In a recent study, screw length relative to the vertebral body (screw length less 
than 75% of the vertebral body depth) was found to be strongly correlated to radio-
graphic pseudarthrosis in the early postoperative period [81]. As an intraoperative 
guide, spine surgeons can use the screw-vertebral body% threshold of <75% to 
avoid unnecessarily short screws. Once the disc space is prepared, a potential screw 
can be placed in the prepared space parallel to the endplate to ensure that the poste-
rior cortex and spinal canal will not be violated. This may be a useful technique in 
maximizing screw length intraoperatively.

As described earlier, dysphagia is a common complication after ACDF. Some 
authors believe that a prominent plate can contribute to this [34]. Strategies to mini-
mize plate-related dysphagia include a thorough removal of anterior osteophytes to 
allow the plate to sit flush on the ventral spine, contouring the plate into lordosis to 
follow the natural contour of the spine, and using a low-profile plate. Another known 
complication after ACDF is adjacent segment disease. According to Hilibrand et al., 
the incidence of symptomatic disease is about 3% per year [82]. However, he did 
not report on reoperation rates. In a more recent and larger study, Lee et al. found 
that adjacent segment surgery occurred at 2.3% per year with Kaplan-Meier analy-
sis, predicting that 21.9% of patients would need adjacent segment surgery by 
10  years postoperatively (Risk-Factor Analysis of Adjacent-Segment Pathology 
Requiring Surgery Following Anterior, Posterior, Fusion, and Nonfusion Cervical 
Spine Operations Survivorship Analysis of 1358 Patients: Lee, Lee, Peters, Riew: J 
Bone Joint Surg Am. 2014;96:1761–7). Degeneration occurs most commonly at 
C5-C6 and C6-C7 and occur more frequently after single-level than multilevel 
fusion. Park and Riew showed that there is a positive association between adjacent- 
level ossification following ACDF and the plate-to-disc distance [83]. Placing an 

N. J. Lee et al.



187

anterior cervical plate more than 5  mm away from the adjacent disc space can 
reduce the risk of adjacent-level ossification. The assumption here is that ossifica-
tion likely contributes to early degeneration.

 Anterior Cervical Corpectomy and Fusion (ACCF)

An ACCF is typically indicated when the ventral spinal cord compression is at the 
level of the posterior vertebral body beyond the level of the disc space (e.g., large 
posterior osteophyte, disc fragment migrated to the vertebral body posteriorly, 
developmental stenosis). The surgical exposure is the same as that for an 
ACDF. Discectomies are performed above and below the level of the intended cor-
pectomy. A Leksell rongeur and a high-speed burr can be used to remove the verte-
bral body between the uncovertebral joints as well as the most posterior part of the 
vertebral body. Resection of the PLL can allow for complete visualization of the 
thecal sac. Similar to ACDF, various interbody devices can be inserted, such as such 
as titanium mesh cages, allograft, autologous bone (iliac crest, fibula, rib grafts), 
and PEEK cages, among others. It is important to carefully inspect the depth of the 
graft placement to ensure it is clear from the spinal canal. Anterior cervical plating 
is necessary to not only encourage fusion but also avoid graft dislodgement.

 Other Surgical Considerations

Some studies have indicated equipoise between ACDF and ACCF for the treatment 
of multilevel cervical spondylotic myelopathy [84, 85]. However, others argue that 
ACCF may be superior, since it minimizes the number of graft-host interfaces, 
allows for extensive decompression, and provides a source for bony autograft to 
promote fusion [86–88]. On the other hand, the morbidity of a corpectomy may be 
slightly greater than an ACDF, which may primarily be due to the prolonged opera-
tive time and greater blood loss. In a recent comparative analysis using national 
data, a one-level ACCF was found to be independently associated with longer length 
of stay, longer operative time, and a greater risk for 30-day complications in com-
parison to two-level ACCF [89]. Furthermore, two-level ACCF was found to be an 
independent predictor for longer length of stay and higher rates of 30-day complica-
tions compared to three-level ACDF for the treatment of cervical spondylotic 
myelopathy. In another study, Lau et  al. compared outcomes between two-level 
ACCF and three-level ACDF (without any concomitant posterior cervical surgery) 
and found that perioperative complication rates were similar. Furthermore, both 
groups achieved similar postoperative cervical lordosis, adjacent segment disease 
rates, pseudarthrosis rates, neurological improvement, and pain relief [84].

For multilevel ACCF, it is advisable to use posterior supplementation to avoid 
graft extrusion or hardware failure, especially in elderly patients or those with poor 
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bone conditions. Long strut grafts for multilevel corpectomies are mechanically 
unfavorable and prone to construct failure. Buttress plates have been used to prevent 
graft dislodgement; however, there have been reports that this can still result in air-
way obstruction if the graft dislodges and kicks out the plate at a 45-degree angle 
[90, 91]. Treatment should be individualized according to a patient’s characteristics 
(radiological, comorbidities, bone mineral density). In selected cases with two-level 
disc disease in patients with increased risk for pseudoarthrosis, such as heavy smok-
ers or diabetics, a single-level corpectomy may be advantageous compared to a 
two-level ACDF. The posterior vertebral body (about 2–3 mm) can be left intact to 
avoid graft retropulsion into the spinal cord, and fusion needs to only take place at 
two graft-bone interfaces, as opposed to four interfaces with a two-level ACDF. In 
addition to fewer graft-bone interfaces, the cancellous bone of the excised vertebral 
body is rich in osteoprogenitors and can be utilized as autogenous bone graft.

For two- or more level corpectomies, the senior author recommends both ante-
rior plating and posterior supplementation to minimize graft extrusion. A two-level 
corpectomy may be performed as stand-alone procedures in selected cases; how-
ever, great care must be taken to achieve perfect graft press fit and to avoid edge- 
loading. Rigid immobilization and frequent radiographic evaluation are 
recommended. We feel that the safer alternative is to augment the construct with 
posterior instrumentation and arthrodesis.

A hybrid procedure, which involves a combination of a corpectomy and an 
ACDF, can be performed as an alternative to multilevel corpectomies [92]. The 
advantage of a hybrid procedure is greater mechanical stability since screws can be 
placed in all vertebral bodies to maintain fixation and alignment. For three-level 
disease, surgeons may choose to perform a one level corpectomy for the cranial two 
levels and an ACDF at the most caudal level, placing a plate across all three levels 
(Fig. 11.3). This technique was first described by the senior author in 1998 as a 
corpectomy-discectomy [93]. For four-level disease, two single level corpectomies 
separated by an intervening vertebra may be a very reasonable option. This was 
described as a corpectomy-corpectomy or skip-corpectomy [93]. Increasing the 
number of screws in the plate fixation may decrease the long-term risk of hardware 
fatigue and also improve construct rigidity necessary for bony fusion.

 Anterior Cervical Hemi-Corpectomy and Fusion (ACHCF)

ACHCF involves the longitudinal removal of only half of the vertebral body [94] 
(Figs. 11.4 and 11.5). This technique differs from the traditional cervical corpec-
tomy in which a corpectomy is performed from uncus to uncus. The preservation of 
one hemi-vertebral body can increase the surface area for fusion, provide bony auto-
graft to promote fusion, and enable segmental screw fixation across the corpectomy 
site. This should only be appropriate in cases where the cord compression can be 
addressed by decompressing 50–80% of the width of the vertebral body. According 
to the senior author’s experience, ACHCF has shown earlier fusion rates in 
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a b

Fig. 11.3 (a) For three-level disease, surgeons may choose to perform a one-level corpectomy for 
the cranial two levels and an ACDF at the most caudal level, placing a plate across all three levels. 
This is described as a corpectomy-discectomy. (b) For four-level disease, two single-level corpec-
tomies separated by an intervening vertebra may be a very reasonable option. This is described as 
a corpectomy-corpectomy or skip-corpectomy

three- level cases in comparison to traditional ACDF. This may be a viable alterna-
tive to standard corpectomies when appropriately indicated; however, further 
research examining both the short- and long-term risks and benefits over conven-
tional ACCF are needed to further validate this technique.

 Cervical Disc Arthroplasty (CDA)

CDA is a motion-preserving alternative to ACDF. One of the main drivers of CDA 
has been to reduce the risk for adjacent segment disease by preserving motion 
instead of fusing [82]. Since first being introduced to the United States in the early 
1990s, there has been a substantial amount of literature investigating its safety and 
clinical outcomes compared to ACDF. There is certainly some controversy regard-
ing the superiority of cervical arthroplasty over ACDF for patients with myelopathy. 
However, several high-quality studies have recently demonstrated that CDA, when 

11 Anterior vs. Posterior Cervical Approaches for the Elderly



190

a

c d

b

Fig. 11.4 (a) Anterior cervical hemi-corpectomy and fusion (ACHCF) involves the longitudinal 
removal of only half of the vertebral body. (b) This should only be appropriate in cases, where the 
cord compression can be addressed by decompressing 50–80% of the width of the vertebral body. 
(c) An intraoperative view of anterior cervical hemi-corpectomy. (d) The allograft is placed in 
hemi-corpectomy side after proper decompression

appropriately indicated and performed, can achieve similar or even slightly superior 
outcomes compared to ACDF [95–98].

The indications for cervical arthroplasty include patients with radiculopathy and/
or myelopathy with one or two levels due to retro-discal cord compression. It would 
not be appropriate for those with retro-vertebral cord compression, which would 
require a corpectomy. Patients should also have a preserved disc height (at least 
3 mm according to some authors), good bone density (no osteoporosis), and pre-
served motion. Contraindications include instability, inflammatory or metabolic 
disease, ossifying diseases (e.g., DISH, OPLL, ankylosing spondylitis), segmental 
kyphosis, severe disc degeneration, and severe facet joint arthritis. It should be 
emphasized that, because of the high prevalence of the contraindications to CDA 
listed above, practically no elderly patient is a candidate for CDA. However, age 
alone is not a contraindication to the procedure; if the patient is otherwise a good 
candidate, it can be performed.

Of note, CDA is technically more challenging than ACDF procedures. For CDA, 
it is imperative to aim for precise endplate preparation and positioning of the 
implant. For instance, misplacement of Caspar pins even a few millimeters off cen-
ter can distract the disc space unevenly and compromise the biomechanics of the 
CDA and potentially increase the risk for implant failure, adjacent segment disease, 
pain, and revision surgery. Great care should be placed toward centering the implant 
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b c

Fig. 11.5 Hemi-corpectomy-discectomy (a) the preoperative MRI demonstrating multilevel cer-
vical disease at C4-C5, C5-C6, and C6-C7. (b) and (c) Show the pre-op and post-op radiographs, 
respectively
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and ensuring it sits flush with the endplates. The CDA should be sized to fill the disc 
space anterior to posterior to optimize biomechanics.

The literature comparing outcomes after CDA in older versus young patients is 
somewhat limited. In a recent comparative study with a 2-year follow-up, older 
patients (≥65  years old) were found to have similar patient reported outcomes 
(VAS, NDI, JOA) to younger patients (≤40) [99]. The elderly group demonstrated 
a small reduction in cervical range of motion after CDA in comparison to the 
younger group, which experienced a small increase in mobility. Furthermore, the 
complications were not significantly different between groups. These results are 
promising, but it is important to note that the mean follow-up was about 28 months 
and long-term studies may be needed to compare the true incidence of outcomes 
and complications.

 Posterior Cervical Approaches

 Laminectomy and Fusion

A posterior approach to the cervical spine typically involves either a laminectomy 
with or without fusion or laminoplasty. A laminectomy/fusion can effectively 
decompress the cord but result in a significant loss of cervical range of motion 
[100]. In contrast, laminoplasty serves as a motion-preserving procedure that may 
obviate the risk of pseudoarthrosis, provide the option for future anterior proce-
dures, and allow for effective indirect decompression, which may be safer than 
direct decompression. In some instances, a laminectomy/fusion may be more appro-
priate than laminoplasty (e.g., significant axial neck pain, cervical kyphosis >10–15 
degrees, negative k-line, hill-shaped OPLL) [54, 101–104]. However, if a patient is 
a candidate for both, we prefer laminoplasty over laminectomy/fusion. New evi-
dence supports this opinion: Ghogawala et al. found that, in the appropriate candi-
date, laminoplasty had better outcomes and lower major complication rates than 
laminectomy/fusion (7% versus 20%, respectively; p = 0.04).

During a posterior cervical approach, a meticulous midline dissection in the 
amuscular and avascular raphe should be performed (Figs. 11.6, 11.7, and 11.8). 
The nuchal ligament, which connect the external occipital protuberance to the spi-
nous process of C2, is the only ligament that one encounters in the approach. Many 
surgeons are taught to dissect lateral to the nuchal and interspinous ligaments to 
preserve them. We would like to emphasize that there is no such thing as an inter-
spinous ligament in the cervical spine. Websites showing pictures of this are simply 
wrong. In its place in the cervical spine is the interspinalis muscle, which gets its 
blood supply from either side of the spine. When surgeons cut on either side of the 
nuchal ligament and the interspinalis muscle in their misbegotten attempt to pre-
serve the nuchal and the nonexistent interspinous ligament, all they are doing is 
devascularizing both the nuchal ligament and the interspinalis muscle. The 
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Fig. 11.6 Posterior cervical exposure. (a) The posterior cervical incision is marked along the 
spinous processes. (b) A midline dissection in the amuscular and avascular raphe should be per-
formed. The nuchal ligament should be divided down the middle, leaving it attached to the lateral 
muscles that provide its blood supply. Thereafter, blunt dissection starting at the most distal spi-
nous process and using a finger to palpate the spinous processes and rubbing cranially and caudally 
between the spinous processes will help to delineate the midline raphe. (c–f) Further dissection 
down to the midline of the bifid spinous processes is performed with meticulous dissection

devascularized ligament and muscle are then destined to die, becoming a potential 
nidus for a wound infection. Instead, the nuchal ligament should be divided down 
the middle, leaving it attached to the lateral muscles that provide its blood supply. 
Thereafter, blunt dissection starting at the most distal spinous process and using a 
finger to palpate the spinous processes and rubbing cranially and caudally between 
the spinous processes will help to delineate the midline raphe. The senior author 
prefers to divide the bifid spinous processes with a bone cutter, keeping the 
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Fig. 11.7 (a) The senior author prefers to divide the bifid spinous processes with a bone cutter, 
keeping the interspinalis and other paraspinal muscles attached. (b–e) These are tagged and can 
facilitate bone-to-bone closure at the end of the operation. (f) This technique avoids suturing 
directly into the muscle, which can compromise vascular supply to the muscle and subsequently 
necrose the captured muscle

Fig. 11.8 Intraoperative 
exposure of posterior 
cervical spine. The 
interspinalis muscle is 
preserved, and all muscles 
and the nuchal ligament 
have been divided 
meticulously down the 
avascular and amuscular 
midline
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interspinalis and other paraspinal muscles attached. These are tagged and can facili-
tate bone-to-bone closure at the end of the operation. This technique avoids suturing 
directly into muscle, which can compromise vascular supply to the muscle and sub-
sequently necrose the captured muscle. Subperiosteal exposure of the lamina and 
lateral masses are performed, but care should be taken to only expose enough of the 
lateral masses to place lateral mass screws. Exposure beyond the lateral masses can 
increase the risk of encountering the venous plexus, which can bleed profusely. In 
addition, the dorsal nerves innervating the paraspinal muscles can be injured with 
excessive exposure and therefore result in substantial muscle atrophy. For posterior 
cervical fusion, the facet joints are exposed, and the joint cartilage is denuded with 
curettes or small rasps. The joint space is then packed with autologous bone chips. 
C2 fixation can be achieved by screws placed in the pars, pedicle, or lamina. For C3 
to C6, standard lateral mass screws can be placed. Pedicle screws are typically used 
for fixation at T1 and T2. When extending the fusion to T1 or below, fixation into 
C7 is can be skipped to facilitate screw fixation into T1. Although rarely used these 
days, additional sublaminar hooks or translaminar screws can be used at the caudal 
part of the construct to reinforce the screw fixation if necessary. A better alternative 
is to supplement the fixation with laminar screws and a third rod or spinous pro-
cess cables.

For the decompression, we prefer to perform laminoplasty and fusion, instead of 
laminectomy. This is because the retained lamina provides a protective cover over 
the cord and allows for bone grafting over the laminoplasty. Mini-laminoplasty 
plates can be used without fixation screws to prop up the laminae, or the holes can 
be enlarged with a bur and the lateral mass screws can be placed thru the hole 
(Fig. 11.9). An alternative technique to cover the decompression site is to do lami-
nectomies and then place a strut allograft iliac crest to cover the defect.

Given the higher risk for wound complications compared to anterior approaches, 
meticulous closure should include smaller bites to avoid muscle necrosis and clo-
sure of multiple layers to avoid any dead space, which can serve as a nidus for 
infection.

 Laminoplasty

Cervical laminoplasty was first described by Omaya et al. in 1973. Since then, this 
procedure has been further refined; however, the general concepts continue to 
include preservation of dorsal elements, expansion of the spinal canal through 
manipulation of the laminae, and preservation of segmental motion.

Laminoplasty is typically indicated for patients with cervical myelopathy or 
myeloradiculopathy, which may be due to multilevel disc herniation, OPLL, cervi-
cal spondylosis, and congenital stenosis. Furthermore, laminoplasty can be consid-
ered in patients who have neutral to lordotic alignment, a positive k-line, and a 
C2-C7 sagittal vertical axis (SVA) less than 40 mm and do not have substantial axial 
neck pain. Laminoplasty in the elderly patient is somewhat controversial. In a recent 
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Fig. 11.9 (a) Radiograph images and (b) intraoperative depiction of how mini-laminoplasty plates 
can be used without fixation screws to prop up the laminae or the holes can be enlarged with a bur 
and the lateral mass screws can be placed thru the hole
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meta-analysis on the surgical treatment of cervical spondylotic myelopathy in 
elderly versus non-elderly patients, older patients had poorer surgical outcomes 
(lower pre- and postoperative JOA scores) but no difference in complications (e.g., 
C5 nerve palsy) [105]. Despite these findings, laminoplasty has been shown to pro-
vide clinical benefit to even the very elderly (older than 80 years old) [106] . Older 
patients are likely to deteriorate more rapidly than their younger counterparts; there-
fore, earlier surgical intervention for the elderly patients with cervical spondylotic 
myelopathy should be considered.

Generally, laminoplasty techniques can be broadly categorized as either unilat-
eral open-door laminoplasty or bilateral French-door laminoplasty. In open-door 
laminoplasty, which was originally described by Hirabayashi et  al. in 1978, the 
spinal canal is expanded by hinging the posterior arch on one side of the lamina- 
facet junction and completing an osteotomy on the contralateral side, which has 
greater compression and symptoms. Door reclosure has been a concern and resulted 
in several modifications, such as suture anchor fixation, and the use of bony spacers 
enhanced with rigid fixation [107–109]. In French-door laminoplasty, which was 
originally described by Kurokawa et al. in 1982, symmetrical decompression is cre-
ated by opening the midline spinous processes and hinging this opening on both 
laminae. Bilateral gutters are created on each lamina to create the “double-door” or 
“French-door” opening. Meta-analyses comparing these two techniques suggest 
that neither is superior based on radiological and complication data [110]. Some 
studies suggest that open-door laminoplasty may result in higher functional out-
come and recovery rates [111].

Shiraishi developed a less invasive surgical approach to laminoplasty that takes 
advantage of intermuscular planes in comparison to the subperiosteal dissection 
used in the conventional approach, which can result in complete detachment of 
muscles from the posterior elements of the spine [112]. This approach uses the 
interval between the tips of adjacent spinous processes in order to expose and divide 
the right and left interspinales, semispinalis cervicis, and multifidus muscles. 
According to Kotani et al., the Shiraishi technique can result in considerably less 
axial neck pain, less range of motion loss, preserved muscle volume, and improved 
quality of life at a follow-up of 2 years [113].

We prefer to perform a C3 laminectomy instead of a laminoplasty, along with 
laminoplasties of *C4, C5, and C6 as Takeuchi reported less neck pain, compared to 
including the C3 level as a laminoplasty [114] (Fig. 11.10). This is because in order 
get adequate exposure to do a laminoplasty of C3, one has to detach much of the 
semispinalis cervicis muscle off of its major insertion onto the spinous process of 
C2. Since the semispinalis cervicis is the major neck extensor muscle, detaching it 
can lead to cervical kyphosis. Much less exposure is required to perform a C3 lami-
nectomy than a laminoplasty. In addition, a laminoplasty of C3 elevates that lamina 
in close proximity to the large spinous process of C2, limiting extension at that 
level. This also has the added benefit.
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Fig. 11.10 We prefer to 
perform a C3 laminectomy 
instead of a laminoplasty, 
along with laminoplasties 
of C4, C5, and C6, as 
Takeuchi reported less 
neck pain, compared to 
including the C3 level as a 
laminoplasty [114]. This is 
because in order get 
adequate exposure to do a 
laminoplasty of C3, one 
has to detach much of the 
semispinalis cervicis 
muscle off of its major 
insertion onto the spinous 
process of C2. Since the 
semispinalis cervicis is the 
major neck extensor 
muscle, detaching it can 
lead to cervical kyphosis. 
Much less exposure is 
required to perform a C3 
laminectomy than a 
laminoplasty. In addition, a 
laminoplasty of C3 
elevates that lamina in 
close proximity to the large 
spinous process of C2, 
limiting extension at that 
level. This also has the 
added benefit

 Laminoplasty Versus ACDF

A number of studies have demonstrated that laminoplasty can achieve similar 
patient reported outcomes to ACDF, a greater range of cervical motion, and possibly 
lower complications [115–117]. Liu et al. compared these approaches for those with 
multilevel cervical spondylotic myelopathy and found that both groups reached 
similar JOA recovery rates. However, these authors reported that there was a 
decrease in cervical range of motion and higher complication rates with those who 
underwent ACDF. In a prospective study, Hirai et al. reported similar JOA scores at 
1-year follow-up, but significantly higher JOA scores for the ACDF group at 2-, 3-, 
and 5-year follow-up. Complications, including dysphagia, dysphonia, and pseud-
arthrosis, were higher in the ACDF group. The incidence of C5 nerve palsy was 
higher for laminoplasty. As noted previously, the recent large prospective, con-
trolled multicenter study on myelopathy patients by Ghogawala et al. found that 
laminoplasty had significantly better SF-36 Physical Component Summary scores 
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(9.72) when compared with anterior procedures (5.2; P = 0.04). Laminoplasty also 
had a lower major complication rate of 7%, compared to 15% for anterior decom-
pression (p = 0.04) [32].

 Laminoplasty Versus Laminectomy and Fusion

There is more evidence that support the superiority of laminoplasty over laminec-
tomy and fusion in appropriate candidates. As noted above, the recent large pro-
spective, controlled multicenter study on myelopathy patients by Ghogawala et al. 
found that laminoplasty had significantly better SF-36 Physical Component 
Summary scores (9.72) when compared to laminectomy and fusion (4.53; P = 0.05). 
Laminoplasty also had the lowest major complication rate of 7%, compared to 20% 
for laminectomy and fusion (p  =  0.04) [32]. In a prior national database study, 
Varthi et  al. reviewed 779 patients who underwent cervical laminoplasty versus 
posterior decompression and fusion [118, 119]. These authors found that laminec-
tomy/fusion increased LOS, any adverse events (19.7% vs. 11.1%), and readmis-
sion risk (7.9% vs. 3.3%).

In a single-surgeon retrospective matched cohort analysis, Woods et  al. com-
pared laminoplasty to laminectomy/fusion in 121 patients over a 5-year period with 
a minimum 6.7 month follow-up period [120]. They found that subjective clinical 
improvements occurred in both cohorts in regard to gait and pain. Interestingly, 
laminoplasty patients trended toward a higher overall complication rate (13% vs. 
9%) and revision rate (5% vs. 2%); however, there was no statistical significance 
associated with these differences. This may also be related to surgeon experience 
and technique. In a meta-analysis, Lee et al. reported similar improvements in JOA 
scores, VAS scores, and loss of lordosis between those who underwent laminoplasty 
(302 patients) and those who underwent laminectomy and fusion (290 patients). 
However, in the sub-analysis of studies with >18 months of follow-up, these authors 
noted a better lordosis preservation in patients with laminectomy and fusion than 
those in the laminoplasty cohort. Therefore, it’s generally recommended that 
patients with >10 to 15 degrees of C2-C7 kyphosis should undergo laminectomy 
and fusion instead of laminoplasty. It’s possible that the variability in outcomes 
depend, at least in part, by the surgical techniques employed. Although lamino-
plasty is a motion-sparing procedure, some patients report some loss of range of 
motion after surgery. Some even report a loss of lordosis, but this may be technique 
dependent. For example, disruption of the semispinalis cervicis attachments to the 
spinous processes, especially to C2, during a posterior cervical approach can result 
in kyphosis, and possibly worse axial neck pain [121]. Loss of the C7 spinous pro-
cess, which serves as an important structure for the extensor muscle complex, may 
also result in worse cervical kyphosis and axial neck pain. Therefore, it is important 
to preserve the semispinalis cervicis muscle attachments to C2 and avoid a C7 lami-
noplasty, if possible.
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 Conclusion

Overall, there are several good surgical options for treating cervical disease in the 
elderly spine. We reviewed a number of important considerations including cervical 
alignment, the location of pathology, the number of levels involved, the presence of 
OPLL, revision surgery, and several common approach-related complications. The 
main advantage of the anterior approach is the direct decompression of anterior 
pathology, restoration of sagittal alignment, and lower risk for wound complica-
tions. As we have described, there are a number of options with the anterior approach 
including ACDF, ACCF, HCCF, hybrid fusions, and cervical disc arthroplasty. 
These surgeries offer some significant advantages over posterior-based operations 
in properly selected patients with amenable pathology. Posterior-based surgeries 
can effectively provide indirect decompression and achieve similar outcomes to an 
anterior-based surgery. Posterior cervical surgeries include laminoplasty and lami-
nectomy with or without fusion. In comparison to anterior fusion cases for multi-
level disease, laminoplasty may offer a viable, motion-preserving option for 
patients. In cases where there is true equipoise between an anterior and posterior 
surgical approach, a well-preformed procedure with meticulous surgical technique 
can achieve comparable outcomes with either approach. The expert spine surgeon 
should be aware of the risks and benefits of each surgical technique in order to best 
address the patient’s their goals and expectations for surgery.
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Chapter 12
Cervical Spine Disease in Elderly Patients 
with Ankylosing Spondylitis

Johnson Ku, Jason Ku, Chieh-Yi Chen, Hsuan-Kan Chang, 
and Jau-Ching Wu

 Background and Etiology

Ankylosing spondylitis (AS), also known as Bechterew’s disease, is a type of 
peripheral or axial spondyloarthropathy (a heterogeneous group of rheumatic dis-
eases with common clinical and genetic features). It is a common inflammatory, 
rheumatic autoimmune disease that affects the axial skeleton via chronic inflamma-
tion in the spine. These inflammations can lead to fibrosis and calcification, result-
ing in loss of flexibility, and fusion of the spine into an immobile element with a 
“bamboo” appearance. Inflammation of the sacroiliac joint also occurs [1].

Idiopathic seronegative involvement of the cervical and lumbar spine remains a 
pressing issue and complicates early radiographic and OPD diagnoses [2]. Main 
clinical manifestations include back pain and progressive spinal rigidity as well as 
inflammation of the hips, shoulders, peripheral joints, and fingers/toes. In addition, 
there are extra-articular manifestations, such as acute anterior uveitis, psoriasis, and 
inflammatory bowel disease (IBD). However, AS progression in the cervical spine 
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remains inadequately addressed, as involvement is typically late but can predomi-
nate existing pain and other symptoms [3]. Ankylosing spondylitis of the cervical 
spine is associated with stiff kyphosis and increased risk of transversal unstable 
fracture. A spine surgeon may be involved mainly in the management of trauma 
cases, but in some situations, corrective surgery of a kyphotic cervical deformity is 
needed [3].

Immune cells and innate cytokines have been suggested to be crucial to the 
pathogenesis of AS, especially the human leukocyte antigen and the interleukin 
axis; however, the pathogenesis of AS remains unclear. Etiology of AS can be 
grouped into several categories, with main genetic factors being key areas of recent 
interest. One of the most important genetic factors is major histocompatibility com-
plex (MHC) class I allele HLA-B27, which was discovered in 1973 [4]. Despite the 
unclear pathomechanism, HLA-B27 has been associated with the prevalence of AS 
in different populations around the world [5]. Studies have shown that 90–95% of 
AS patients are HLA-B27 positive, while 1–2% of HLA-B27-positive populations 
develop AS.  This number increased to 15–20% for those with an affected first- 
degree relative [6]. The familial tendency of AS was remarkable with relative risks 
of 94, 25, and 4 for first-, second-, and third-degree relatives, respectively [6]. In 
addition to the association with the genesis of AS, HLA-B27-positive patients 
showed a significantly lower average onset age and a higher prevalence of acute 
anterior uveitis than did HLA-B27-negative patients [6].

 Epidemiology and Risk Factors

Variations in AS prevalence depend on geography, demographics, and database 
information that represent diverse cohorts and study groups. A cross-sectional sur-
vey in 2012 estimated the prevalence of AS in the United States to be 0.9 to 1.4% of 
the adult population, similar to that of rheumatoid arthritis [7].

A more recent 2018 analysis of currently published epidemiological data, con-
ducted by the Department of Rheumatology at Columbia University, on AS preva-
lence found a range of between 9 and 30 individuals per 10,000 persons [7]. 
Variations across different countries were reported as ranging from 9 individuals per 
10,000 persons in a study conducted on two indigenous Oaxaca Mexican popula-
tions [8] to 14 to 48 individuals per 10,000 persons in two randomly selected 
Shantou Chinese populations [9].

In addition to established genetic risk factors involving more than 100 loci and 
the HLA B-27 marker, two additional studies mentioned in the 2018 review found 
significant factors associated with increased or decreased AS development later on 
in life.

Montoya et  al. reported decreased AS incidence among breastfed individuals 
compared to their non-breastfed siblings. Of 203 study patients with AS, 57% were 
breastfed, compared with 72% of 293 unaffected siblings, indicating that breast-
feeding was protective (odds ratio 0.53; 95% CI 0.36, 0.77) among candidates. 
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These findings suggest that early life gut microbiota cultivation may have protective 
benefits against AS development [10].

More research with long-term follow-up data is needed to better understand non-
genetic factor effects on AS development across diverse demographic groups and 
geographic regions.

 Medical Treatments for AS

Pharmacologic interventions focus on alleviating symptoms while reducing chronic 
inflammation and reducing radiographic progression rates. Traditional drugs aimed 
at treating AC have mainly revolved around the utilization of nonsteroidal anti- 
inflammatory drugs (NSAIDs), anti-TNF-α (TNFi) factors, and monoclonal anti-
body target therapies. However, recent developments in the realm of 
nanotechnology-driven drug delivery systems and in AI and technological modeling 
have shown promising results for AS management.

Tumor necrosis factors (TNF) belong to a group of pro-inflammatory cytokines 
with roles in AS pathways. Inhibiting TNF-mediated inflammatory pathways there-
fore prevent radiographic progression and alleviate symptoms even among cervi-
cally involved AS patients. Maas and colleagues investigated how TNF inhibitors 
(TNFi) affect the C-spine, with their results indicating that cervical facet joints and 
vertebral bodies decreased the ankylosing rate [11]. For nonresponsive NSAID 
patients, TNF inhibitor (TNFi) therapy not only effectively inhibits AS progression 
but also decreases inflammation via binding and blocking TNF cytokines, which 
recent studies have shown improves spinal mobility, pain, and fatigue. Common 
TNFi’s used in late-stage AS to treat radiological cervical changes include adalim-
umab, etanercept, golimumab, and infliximab.

Infliximab is now approved in Europe for the treatment of AS patients with 
severe axial symptoms, elevated serological markers of inflammatory activity, and 
an inadequate response to conventional therapy. The first study to assess the effects 
of infliximab in AS patients was an open pilot trial of 11 individuals who were 
treated with 3 infusions of infliximab (at weeks 0, 2, and 6), in a dosage of 5 mg/kg. 
This study found improvement of ≥50% in activity, function, and pain scores in 9 
of 10 patients. After 4  weeks, the median improvement in the Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI) was 70%. These benefits lasted for at 
least 6 weeks [12].

 Cervical Spine Fracture in the Elderly

Manifestations of AS typically begin before the third decade and present slow but 
steady progression [13]. Compared to the general population, patients with AS are 
at higher risk of spinal fracture and subsequent spinal cord injury (SCI) [14]. Spine 
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fractures in AS patients result in poorer outcomes due to systemic organ involve-
ment of AS, with increased incidence of hypertension, cardiovascular mortality, and 
pulmonary disease. There is a fourfold increase in fracture risk among AS patients 
compared to the general population, with lifetime incidences of 5–15% [15]. The 
estimated vertebral fracture prevalence ranges from 4% to 18%, with annual an 
incidence up to 1.3% [16].

It is proposed that AS patients are prone to falling due to poor sagittal balance, 
pelvic retroversion, and altered knee bending and gait while walking. These condi-
tions coupled with the compromised horizontal gaze due to kyphotic deformity, and 
other risk factors including old age, advanced disease, kyphosis and alcohol-use 
negatively impact balance [15]. Fusion of the cervical spine renders it vulnerable to 
trauma [17]. In a recent study using the nationwide inpatient sample (NIS) database 
from 2005 to 2011, 53% of fractures were located in the cervical spine, 41.9% were 
thoracic, 18.2% in the lumbar, and 1.5% in sacrum [18]. Most fractures were located 
on the vertebral level. Osteoporosis is another well-known complication of AS sys-
temic involvement. Ligamentous ossification may occur on disc and joint capsules 
in AS patients. Weakened mechanical strength, especially on the vertebral level and 
the fracture on the vertebral level, should be considered as a combined result of 
osteoporosis and ligamentous ossification.

Unstable cervical fractures can still occur even after minor trauma or low 
energy impacts [17]. Low energy impacts such as falls from a standing or sitting 
position are a major cause of fractures (65.8%) in AS. Fractures mostly occur in 
the intervertebral disc (IVD) due to degradation of the IVD and chondroid meta-
plasia and loss of elasticity due to calcification of the annulus fibrosis, making 
IVD the weakest point of the AS spine [17]. Due to ligamentous ossification, 
injury often occurs as three-column injuries with unstable status [15]. Combined 
unstable fractures of the cervical spine and esophageal injuries have been reported 
in AS patients, even after minor trauma. A case report found during surgery the 
esophagus entrapped within the fracture, a relatively unusual presentation in 
AS-related fractures [19].

Neurological complications are common in AS-related fractures. AS with spi-
nal fractures is highly associated with spinal cord injury (SCI). According to a 
large systemic review, SCI is present in 67.2% of spinal fractures within AS 
patients, with accompanying diverse neurologic function impairment [17]. SCI 
can be caused by dislocation, cord contusion or compression by fractured bone 
segments, ossified posterior ligamentum, herniated disc, or an epidural hematoma 
in AS patients with cervical spine fractures [15]. Secondary deterioration from 
collar usage, transportation, or manipulation in the posttreatment phase (after 
admission to posttreatment 3  months) is not uncommon, with a prevalence of 
13.9% being reported in a corresponding systemic review [17]. Prognosis in AS 
patients with cervical fractures is relatively poor, with 6.4% and 11.3% mortality 
in surgically treated and conservatively treated patients, respectively, after short-
term follow-up posttreatment. Also, the most relevant cause of mortality is pneu-
monia or respiratory failure [17].
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Cervical fractures in AS patients can be easily overlooked due to chronic neck 
pain, or visual obfuscation by a humping shoulder on X-ray film, especially should 
the fracture take place at the lower cervical spine or cervicothoracic junction. 
Moreover, it is usually difficult to interpret the X-ray film due to distorted anatomy 
and osteoporosis in AS cases [15]. More than half of the cervical fractures were not 
discernible on C-spine X-ray film alone. Computed tomography (CT) scans should 
be routinely examined for any AS patient suspected of spinal fracture, while MRI 
can serve as an adjunct in evaluating soft tissue and spinal cord status, especially in 
patients suffering from neurological deficits [16].

There is an issue of delayed cervical fracture diagnoses in AS patients. Studies 
indicate that 17.1% of fractures are identified within 24 h following trauma. These 
fractures remain unnoticed until delayed development of neurological deficits pres-
ent [17]. Delayed diagnosis may result from a history of rather minor trauma and 
difficulty in the interpretation of spinal radiographs.

The standard management of cervical fractures in AS patients include conservative 
and surgical treatments. Conservative treatments involve bed rest, Halo vests, collars, 
and orthosis. Most of the patients who undergo conservative management are mainly 
those at high surgical risk or who refuse aggressive management [17]. However, 
C-spine immobilization in unstable fractures is important in initial management. 
Careful evaluation of the preexisting spinal configuration is mandatory before apply-
ing a traditional collar, whereas inappropriate outfitting of traditional collars may 
cause hyperextension and further malpositioning of the fracture site, which in turn 
increases the risk of SCI [15]. Traction should be gentle, starting from low weight 
traction (<5 to 10 pounds), with force vectors directed anteriorly and superiorly [15]. 
Traction should be due to weakness of the paraspinal muscle and high instability. The 
head and upper back need to be supported by pillows or rolls in kyphotic cases [15]. 
The aim of traction is to restore previous alignment, which is usually kyphosis in AS 
patients, and to prevent secondary deterioration and facilitate fracture healing [15].

Surgery is usually inevitable in AS patients with cervical fractures. Surgical indi-
cations involve deterioration of neurological status, unstable fracture configura-
tions, presence of epidural hematoma, or bony fragment compression that cause 
neurologic deterioration. Surgical choices vary according to patient condition. In an 
acute injury without significant deformity, one should consider treatment through 
anterior fusion or posterior fusion alone, depending on the fracture site. Acute and 
chronic injuries with deformities could first undergo light cervical traction for 
reduction. If the patient can remain prone, posterior fusion may be performed. Open 
reduction should be performed if close reduction with traction fails [20]. Sufficient 
decompressive laminectomy should be performed with a posterior approach if spi-
nal cord compression is evident. Local bone harvesting for bone fusion is optional, 
while iliac crest bone grafts remain the gold standard for fusion material. The addi-
tional wound, however, may cause pain and immobilization that could lead to fur-
ther complications. Thus, local bone harvesting from the spinous process for 
posterior approach cases, and allograft bone or cage with bone extenders for ante-
rior approach cases, is also a viable option [20].
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Anterior approaches can be difficult due to chin-on-chest deformities and poten-
tial blockage of surgical corridors. However, an anterior approach may be a viable 
choice if the patient cannot tolerate a prone position due to an AS-related cardiac- 
pulmonary condition [18]. Anterior fixation alone may result in implant loosening 
due to forces from the posterior column. A 50% failure rate for initial anterior fixa-
tion has been reported [18]. For posterior approaches, the number of fixations 
should be carried out at least two levels above and below. Long segment fixation 
provides the strongest stability [21]. Cervical pedicle screws allow the most power-
ful forces biomechanically, but are technically demanding. According to most stud-
ies, lateral mass screw fixation is strong enough. However, the construct should be 
extended below the cervicothoracic junction with thoracic pedicle screws in cases 
of lower cervical fractures, which are most of the cases where cervical fractures 
take place.

A combined anterior and posterior approach may be necessary when the spi-
nal vertebral structure is significantly compromised, especially with marked 
kyphotic deformities at the fracture site (Fig. 12.1) [21]. However high pulmo-
nary-related complication risks, probably due to longer surgical time and immo-
bilization period, should be noted [18]. Some authors advocate circumferential 
fixation and fusion due to cervical fractures in AS always extending across ante-
rior to posterior elements. A single approach may not be able to offer enough 
stability in most of the cases [21]. Poor bone quality in AS patients is also a 

a b c

Fig. 12.1 A 54-year-old AS patient with a falling accident and severe neck pain. (a) Plain lateral 
film showed a subtle fracture over C6-C7 (arrow heads), which can be easily missed. (b) CT 
showed a three-column fracture from the C6-C7 intervertebral disc space to the C6 posterior col-
umn (arrow heads). (c) Plain lateral film after C6-C7 ACDF and C4-T1 posterior fixation. A long 
construct is often necessary for cervical fractures among AS patients
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consideration for circumferential fixation. Etka et al. reviewed the NIS database 
from 2003 to 2014 and recognized a shift in surgical approaches from combined 
anterior and posterior fusion to posterior or anterior fusion alone, with posterior 
fusion being the most commonly performed option. In summary, the selected 
approach should be individualized, depending on fracture location and patient 
characteristics.

Overall, surgically treated patients are likely to have more neurologic improve-
ments and less complications compared to nonsurgically treated ones. Surgical 
treatment is highly suggested for patients with unstable fractures or with neurologi-
cal symptoms. A large retrospective review showed a mortality rate of 51% in the 
nonoperative group versus 23% in the operative group, with age >70 being a major 
risk factor [15]. Conservative treatments may lead to worse fracture healing with 
pseudoarthrodesis [18]. Surgical treatment for cervical fractures in AS patients 
remains challenging for spine surgeons. Osteoporosis and long lever length in such 
cases are more likely to result in instrument failure [20]. Comorbidity of AS, includ-
ing aortic insufficiency, cardiac conduction abnormalities, uveitis and pulmonary 
disease, increase the surgical risk and lead to a higher complication rate post- 
operatively [15].

 Cervical Deformity in the Elderly

Cervical kyphotic deformities in AS may be the result of prolonged and progressive 
postural flexion from spondylitic facet pain and auto-fusion in fixed flexion defor-
mities. With the nature of osteoporosis, AS kyphotic deformities can also be aggra-
vated by subtle cervical fractures that heal with poor alignment [22]. The kyphotic 
deformity can cause sagittal imbalance with general soreness and fatigue. In extreme 
cases a large chin-brow vertical angle (CBVA), so-called chin-on-chest deformities, 
difficulty of forward/upward vision and swallowing can further compromise 
patients’ quality of life.

Flexion and extension radiographic films are often taken for the evaluation of 
remaining flexibility in fused AS spines or evaluation of subtle fractures with insta-
bilities. AS disease progression and the ability to compensate should also be taken 
into consideration when making treatment plans. In general, treatment for AS defor-
mity works under the same thinking processes, with treatment for adult spinal 
deformity taking precedence, along with taking global sagittal and coronal balance 
into consideration. Generally, AS patients with universal kyphosis and sagittal 
imbalances that need surgical correction and corrective hip surgery are first consid-
ered, followed by thoracolumbar deformity correction patients. Improvement in 
thoracic and lumbar alignment may significantly improve the T1 slope, C2-C7 SVA, 
and CBVA, thereby potentially sparing the need for further cervical kyphotic defor-
mity surgery. However, correction of cervical kyphosis may still be indicated in AS 
patients without thoracolumbar (TL) deformities.
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CBVA is the most important parameter for correcting AS cervical kyphotic 
deformity. Song et al. suggest a CBVA between 10° and 20° for optimal daily func-
tion and appearance [23]. Overcorrection of CBVA may also affect downward gaze 
and therefore compromise walking ability. However, the optimal CBVA should be 
tailored to meet individual needs. In addition to cervical/thoracic CT and MRI for 
preoperative planning, CT angiography is arranged for evaluation of vertebral artery 
courses in the evaluation of aggressive osteotomies. Cardiopulmonary function 
evaluation should also be considered throughout the procedure, due to the patient 
being placed in a prolonged prone or concord position.

For surgical correction of kyphotic deformities, a three-column osteotomy 
through a posterior approach is usually performed over the C7 level for better C2-C7 
SVA and CBVA correction. Anatomically, the vertebral artery (VA) usually enters 
the transverse foramen at C6. Selecting C7 as the osteotomy level not only avoids 
injury to the VA but also could be beneficial due to a wider spinal canal and sparing 
of upper extremity function in case of spinal cord injury [22].

During the operation, wide exploration of the cervicothoracic junction is first 
done following insertion of screws. While lateral mass screws may be used in cor-
rection surgery, it is better to use both cervical and thoracic pedicle screws for their 
stronger pullout strength. A construct at least three levels above and below the oste-
otomy site is suggested due to general osteoporosis and the long auto-fused AS 
spine. O-arm navigation can be very helpful, especially as anatomical landmarks are 
often difficult to identify.

The posterior osteotomy is first done with a C7 laminectomy and bilateral C6-T1 
facetectomy. The anterior column osteotomy can be done either using a pedicle 
subtraction osteotomy (PSO) or Smith-Peterson osteotomy (SPO). Once all three- 
column osteotomies are done, the rods can be contoured with the desired configura-
tion, and thoracic nuts are tightened. The patient’s head, which remains fixed to the 
Mayfield system, can be unlocked and adjusted to a more extended position gradu-
ally, and kyphosis can be corrected until satisfied positioning is reached. 
Neuromonitoring, especially motor evoke potential (MEP), should be closely moni-
tored, as translation injury, cord compression from the osseous component, or 
excessive dura impingement may occur at this stage of correction.

Several osteotomy techniques are mentioned throughout current literature. SPO 
was first adapted to treat cervical kyphosis patients by Mason et al. [24] and Urist 
et  al. [25] in the 1950s. With the SPO technique came the advantage of larger 
degrees of correction with less posterior element and spinal canal shortening. Some 
authors suggested an additional anterior approach osteotomy prior to the SPO pro-
cedure for anterior release [22]. Recently, Maciejczak et al. [26] reported a case of 
the modified SPO procedure using a crosswise osteotomy over the pedicles, reach-
ing the anterior vertebral body to prevent aberrant osteoclasis. A downside to the 
technique is that it is very technically demanding.

All corrective surgeries for AS kyphotic deformities are very challenging. 
Complications may include spinal cord injury, C8 root injury during osteotomy, or 
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neural foramen stenosis after correction. Other complications include postoperative 
dysphagia, or nonunion with pseudarthrosis [22].

 Navigation Technology for the Surgical Treatment 
of Ankylosing Spondylitis

There is a scarcity of studies investigating the application of navigation technolo-
gies for surgical treatment in AS cases. Screw placement can be challenging in AS 
patients due to distorted anatomy. Guided imaging technology provides real-time 
orientation and device implant accuracy, which may decrease postoperative compli-
cations and/or failed surgeries in AS cervical spine cases. A study demonstrated that 
surgical treatment of cervical spine fractures in AS patients via posterior stabiliza-
tion using CT scanner-based navigation intraoperatively resulted in a 4.5% inade-
quate anatomical insertion rate. Neither screw malposition nor any other 
intraoperative events were complicated by any neural, vascular, or visceral injury, 
and follow-up indicated complete bone fusion of the anterior part of the spinal col-
umn and lateral masses at one year follow-up. CT-guided posterior cervical stabili-
zation may be a reliable and safe method for addressing C-spine complications and 
fractures among AS patients [27]. However, the use of navigation technology in AS 
cases requires more studies and evidence.

 Nanomedicine: A Novel Treatment

Recent advancements in the realm of nanomedicine allow for longer drug retention 
at the targeted delivery site. Although there is currently no standard nano-based 
drug therapy for AS, well-established nano-preparations, such as liposomes, poly-
meric nanoparticles, and hydrogels, have already been successfully incorporated in 
the treatment of other chronic inflammatory diseases, such as osteoarthritis, back-
ache, and RA, and therefore show promise in being a potential alternative in treating 
AS [28].

Liposomes, which are normally prepared using biodegradable nontoxic lipids, 
have the ability to hold both hydrophilic and hydrophobic drugs. Liposomal nano- 
preparations also increase the half-life and retention time of certain liposome-based 
NSAIDs, such as indomethacin, ibuprofen, etc., which have already been success-
fully used in the treatments of RA and osteoarthritis. Elron-Gross et al. reported 
improved retention time of diclofenac after using collagen lipid conjugates to 
encapsulate the drug, which allowed for slow release in the synovial area [28]. In a 
more recent example, Rakeshchandra et al. synthesized a peptide ligand ART-1 and 
encapsulated it in an IL-27-coated liposome (ART-1-IL-27). These nano-prepared 
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liposomes not only displayed significant binding to endothelial cells but also were 
better able to hone in on arthritic joints when compared to control liposomes in 
Lewis rat models [29].

Polymeric nanoparticles are prepared using chitosan, poly-lactic acid (PLA), 
poly-lactic glycolic acid (PLGA), among many others. These particles increase the 
clinical efficacy of certain NSAID medications like diclofenac, which are well tol-
erated by patients but have unnecessarily high dosage frequencies when compared 
to other common NSAIDs, like naproxen, ibuprofen, sulindac, and diflunisal. The 
use of a slow-release PLGA microparticle containing diclofenac by Tuncay et al. in 
the treatment of osteoarthritis, for example, has been shown to effectively reduce 
dosing frequency [30]. In another report, the successful delivery of leukemia inhibi-
tory factors (LIF) conducted by Stephanie et al. utilized fabricated poly(ethylene 
glycol)-poly(lactic acid) (PEG-PLA) polymer backbone polymeric nanoparticles 
(NanoLIF), with modified CD-11b antibody surfaces to target peripheral macro-
phages, and significantly decreased inflammation by inhibiting M1-cell growth over 
72 h [31].

 AI and Technological Modeling

As first-line agents, nonsteroidal anti-inflammatory drugs (NSAIDS) are initially 
prescribed to AS patients; however, studies indicate that over 40% of them exhibit 
NSAID nonresponse. For these nonresponders, second-line drugs such as TNF 
inhibitors may be prescribed, but guidelines require trials of at least two NSAIDS 
for at least 3 months, causing delays in effective treatment.

Artificial neural networks (ANN) are modern machine learning models that aim 
to identify, analyze, and assign early anti-TNF user candidacy with better precision 
and diagnostic ability than conventional statistical models. The study by Samsung 
Health Center employed computer models that used demographic (age, sex, height, 
weight, HLA-B27 status) and laboratory data (white blood cell count, hemoglobin, 
platelet count, blood urea nitrogen (BUN), creatinine, aspartate transaminase 
(AST), alanine transaminase (ALT), ESR, and CRP) as baseline characteristics to 
train an ANN for predicting early TNFi candidate populations. By enrolling AS 
candidates in both early TNF and non-early TNF user groups, researchers con-
structed a clinical dataset matrix, which was used to construct the model architec-
ture for the ANN 5 hidden layers and 60 hidden nodes per layer. The ANN model 
was then trained to predict TNFi user candidacy by combining the data into hyper-
parameters and then tested against the conventional logistic regression model along 
with SVM, RF, and XGBoost machine models. The study’s ANN model more accu-
rately predicted symptom progression, anti-TNF receptivity, and treatment appro-
priateness for these AS patients than any of the other models. Results of this ANN 
model indicates the possibility of training precise machine models using only labo-
ratory data and demographic data recorded in an average clinical setting. Future AI 
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and ANN machine learning model studies should explore expanded parameters 
from wider datasets beyond a single hospital system [32].
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Chapter 13
Cervical Spine Deformity in the Elderly

Young Min Lee and Dean Chou

 Background

Cervical spine deformity (CSD) is known to negatively affect the healthcare quality 
of life in patients, and this effect may be particularly pronounced in elderly patients. 
Specifically, cervical spine deformity in the elderly represents an ever-growing 
problem of socioeconomic importance, especially in the context of the increasing 
proportion of the population in the United States that are older than 65 years of age 
[1]. The literature is sparse on the specific topic of CSD in the elderly, with the 
majority of publications in the literature focusing on thoracolumbar deformity and 
its effect on health-related quality of life (HRQOL) measures, but it is anticipated 
that this will become a topic of wide interest and activity as the population of the US 
ages. The elderly are particularly afflicted by disorders of CSD, as contributing fac-
tors to the development of CSD include prior thoracolumbar malalignment [2], his-
tory of prior cervical spine surgery, or consequences of inflammatory disorders, all 
of which are more likely to occur in the elderly population [3]. While the estimates 
of overall incidence and prevalence of CSD in the elderly population are lacking in 
the literature, Smith et al. reported in a multicenter prospective study of 470 patients 
with thoracolumbar deformity (TLD) with a mean age of 52 years and found that 
CSD had a prevalence of 52%, highlighting the need for evaluation for CSD in 
patients with TLD correction [4]. Although it is not as prevalent as TLD, symptom-
atic CSD can be quite debilitating, and its impact on health has been compared to 
that of stroke or blindness. It has been predicted that it will become a major area of 
focus for elderly spinal care in the United States.
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 Cervical Spinal Deformity Development in the Elderly

The most common type of CSD in adults is primarily sub-axial in the sagittal plane 
and manifests as a kyphotic deformity. Coronal plane deformities, such as scoliosis, 
are overall less common and especially so in the elderly, as they are usually caused 
by congenital anomalies and are more prevalent in younger patients. Typical patho-
logic CSD is considered to be kyphotic in nature, and it has been therefore theorized 
that cervical kyphosis usually increases with increasing age. However, there has 
been significant controversy regarding this finding, and some recent studies suggest 
that in patients with normal aging that are asymptomatic, cervical lordosis, not 
kyphosis, may actually increase [5, 6]. CSD in the sagittal plane is thought to origi-
nate from spondylosis in the facet joints. Shedid and Benzel state that with age, 
increasing facet hypertrophy from degenerative arthrosis can result in a progres-
sively more kyphotic posture causing the development of symptomatic CSD [7]. 
This compensatory mechanism is thought to relieve pain by reducing the amount of 
load placed on the overgrown facet joints. With increasing degeneration as patients 
age, there is decreased range of motion of the cervical spine. This has been born out 
by Yukawa et al., who found that the C2-C7 range of motion in the third decade of 
life was 68 degrees compared to 45 degrees in the eight decade of life in asymptom-
atic healthy volunteers [7]. Most of this loss of range of motion occurred with exten-
sion, which is consistent with the theory of facet-initiated spondylosis and with the 
theory that degenerative changes are responsible for kyphosis initially, not vice- 
versa. However, in contrast to symptomatic age-related cervical kyphosis, asymp-
tomatic patients may actually have increasing lordosis with increasing age. For 
example, a recent study by Kim et al. studied the radiographs of 104 patients with 
various types of thoracolumbar deformity who were asymptomatic from the per-
spective of their cervical spine. They found that with increasing age, cervical lordo-
sis significantly increases in this asymptomatic group. This replicated the findings 
of prior studies in the general population (without spinal deformity or symptoms), 
which reported increasing rates of cervical lordosis with increasing age [5, 8, 9]. 
Interestingly, there was no correlation between radiographic cervical degeneration 
and cervical lordosis. In contrast to the cervical lordosis that develops with age in 
asymptomatic patients, causes of pathologic kyphotic CSD include advanced 
degenerative disease, prior trauma, inflammatory disorders (such as ankylosing 
spondylitis or rheumatoid arthritis), and cancer or can be iatrogenic after surgery. In 
the elderly population, however, the most common cause is iatrogenic development 
of CSD after prior laminectomy is post-laminectomy kyphosis [10]. It is estimated 
that the incidence of post-laminectomy kyphosis may be as high as 21% in patients 
undergoing a dorsal-only approach without posterior spinal instrumentation. This 
may be related to the preoperative kyphosis that has not been addressed during the 
index surgery or disruption of the posterior tension band that supports the cervical 
spine. Although there is not a clear association between laminectomy and develop-
ment of post-laminectomy kyphosis in patients with normal preoperative cervical 
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alignment, there is good evidence to suggest the presence of preoperative kyphosis 
puts patients at a significantly higher risk of kyphotic deformity after laminectomy 
[11, 12]. Kyphotic deformity is particularly common after laminectomy as the 
majority (64%) of cervical spine axial load bearing occurs through the posterior 
columns, including the articular processes and facet joints [13]. Loss of the integrity 
of this posterior column through disruption of the posterior tension band and/or the 
posterior facet complex can cause an initial loss of sagittal cervical alignment, shift-
ing the weight-bearing axis anteriorly. This places the already weakened posterior 
cervical musculature at a mechanical disadvantage, eventually causing progression 
of kyphosis. For this reason, most authors recommend that the insertion of the semi-
spinalis cervicis and capitis muscles into the C2 be preserved when performing a 
laminectomy, as these muscles have been shown to support neck extension [14]. As 
kyphosis progresses, patients may not be able to maintain upright head posture, 
affecting mobility and increasing the likelihood of falls. Secondary myelopathy 
may also occur as a complication, as the cervical spinal cord can “drape” over the 
kyphotic aspect of the vertebral bodies, causing increased tension and decreased 
blood flow to the spinal cord, leading to the development of myelopathy. To help 
prevent this complication, meticulous facet preservation and keeping the posterior 
tension band intact would be critical.

 Evaluation for Surgery in Cervical Spine Deformity 
in the Elderly

 Initial Evaluation

As with any patient being evaluated for surgery, a thorough history and physical 
examination is the basis of surgical decision-making. As elderly CSD is highly cor-
related with the presence of cervical myelopathy, there must be screening for symp-
toms of myelopathy that include the following: urinary changes, gait issues, 
hyperreflexia, pyramidal signs (Hoffman’s sign, Romberg’s), weakness, and loss of 
dexterity. Elderly patients may have a significant medical history, and a general 
medical evaluation into the presence of comorbidities, such as cardiovascular dis-
ease, respiratory disease, tobacco use, drug use, and prior infectious history, should 
be obtained. Evaluation of medical frailty will help risk-stratify patients for differ-
ent surgical approaches or even exclude patients from CSD corrective surgery.

Patients should also be evaluated for their quality of life and disability. Studies 
have shown that cervical deformity exists in a significant percentage of the popula-
tion, but these deformities are completely asymptomatic [15, 16]. Just because a 
patient has a cervical deformity does not necessarily mean it needs treatment. Issues 
such as pain, disability, ability to see the horizon, and activities of daily life should 
be taken into consideration.
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 Radiographic Evaluation

Radiographic evaluation should include 36-inch scoliosis radiographs, including an 
assessment of global sagittal and coronal alignment. The chin-brow angle should be 
captured, as well as the C2 to C2 cervical sagittal vertical axis (cSVA). In addition, 
computed tomography (CT) to assess the bony anatomy and magnetic resonance 
imaging (MRI) to assess spinal cord anatomy yield a more complete picture. The 
CT can detect presence of ankylosis, either of the disc spaces or the facets. If the 
anterior column and facets are fused, CSD correction may become much more dif-
ficult, often requiring a multistage surgical intervention, including posterior column 
release prior to anterior correction followed by posterior instrumentation. This can 
necessitate a closer assessment of patient frailty and goals of surgery. The flexibility 
of the CSD is also important to assess and can be performed via lateral flexion/
extension cervical radiographs. A posterior-only approach may be an option, if the 
CSD is flexible with open anterior disc spaces and if the deformity corrects upon 
extension of the cervical spine.

The specific assessment of radiographic parameters (such as cervical lordosis, 
C2-C7 sagittal vertical axis, chin-brow vertical angle, T1 slope, T1 pelvic angle 
(TPA)) should be considered. Parameters to evaluate for include the following: (1) 
cervical kyphosis (C2-C7 Cobb angle greater than 10 degrees), (2) cervical scoliosis 
(coronal Cobb angle greater than 10 degrees), (3) C2-C7 sagittal-vertical axis 
(cSVA) > 4 cm, or (4) chin-brow vertical angle (CBVA) less than −10° or greater 
than 10° [17, 18].

 Surgical Planning

Surgical planning in the elderly should be performed with a focus on the goals of 
surgery, specific to the individual patient but in generally to include correction of 
CSD with ability to maintain horizontal gaze, decompress the neural elements, and 
restore alignment of the cervical spine.

As described by Tan et al., a list of factors that are important for surgery when 
planning CD correction include the following: (1) presence of neural compression 
and any associated neurologic symptoms, (2) flexibility of the deformity, (3) pres-
ence of anterior or posterior ankylosis, (4) location of the deformity, (5) prior sur-
gery, (6) presence of degenerative changes at other vertebral levels particularly at 
the proximal/distal end vertebral levels and the cervicothoracic junction, and (7) 
general medical status and presence of medical comorbidities.

The location of kyphotic deformity helps determine where correction should 
occur and what type of surgery will be necessary.
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Pre-operative sagittal CT images
Right: Mid-Sagittal: Left:

Fig. 13.1 Preoperative sagittal CT images demonstrate distal junctional kyphosis after a prior C4/
C5 corpectomy with C3-C7 posterior spinal fusion. There is pseudarthrosis and a kyphotic angula-
tion at C7-T1

Pre-operative T2-weighted sagittal MRIs

Fig. 13.2 Preoperative T2-weighted sagittal MRIs show kyphotic angulation at the distal junction 
of the prior C3-C7 posterior spine instrumentation with flattening of the cord at C7-T1 secondary 
to a dorsal osteophyte and a small dorsal epidural fluid collection

Location of kyphotic deformity Surgical correction technique to consider

Focal deformity in cervical spine Anterior corpectomy or osteotomy
Severe focal kyphotic deformity at 
cervicothoracic junction

C7 or T1/T2 PSO may be required

Severe CSD with concurrent severe thoracic 
kyphosis

Additional osteotomies in thoracic spine may 
be required

Many elderly patients undergoing evaluation for CSD correction will have a his-
tory of prior spine surgery. Figure 13.1 demonstrates sagittal CT scans of a patient 
who had a prior C4/C5 corpectomy and C3-C7 posterior spinal fusion who pre-
sented with distal junctional kyphosis and pseudarthrosis with kyphotic angulation 
at C7/T1. Figure 13.2 shows sagittal MRIs of the same patient showing flattening of 
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the cervical cord but no obvious cord compression or cord signal. It is critical to 
review prior operative reports to determine the presence of and type of implants in 
addition to any intraoperative findings that may have been discovered during prior 
surgeries. In addition, the evaluation of the prior surgical site(s) will yield high- 
value information that will help guide the specifics of CSD correction. Examples 
include the laterality of approach for anterior spine procedures, the necessity of 
otolaryngology consultation in cases of prior superior or recurrent laryngeal nerve 
damage, or plastic surgery consultation in cases of evidence of poor wound healing 
and wound coverage from prior surgeries.

 Algorithmic Approach to Cervical Spine Deformity Correction

In general, CSD correction methods can be categorized into three broad categories 
as follows: (1) anterior only approaches, (2) posterior only approaches, and (3) 
combined anterior-posterior approaches. Within these broad categories, there exists 
several methods for cervical kyphosis correction:

 1. Anterior cervical discectomy and fusion (ACDF): An ACDF allows sequential 
induction of lordosis via distraction over multiple segments and for further lor-
dosis induction via sequential screw tightening, pulling the spine toward a lor-
dotic cervical plate [19].

 2. Anterior osteotomy: Anterior osteotomy techniques in the cervical spine per-
formed through an anteriorly fused spine back to the level of the transverse fora-
men bilaterally is a powerful correction technique that can be applied throughout 
the cervical spine. Symmetric anterior osteotomies may be used for “chin-on- 
chest” deformities, while asymmetric anterior osteotomies may be used for “ear- 
on- shoulder” deformities [20].

 3. Posterior osteotomy: Posterior osteotomy techniques in the cervical spine 
encompass techniques such as partial facet joint resection and complete facet 
joint resection. Partial and complete facet joint resections are performed across 
multiple levels for a cumulative lordotic effect and usually require mobility of 
the anterior column [21].

 4. Three-column osteotomy: For ankylosed, fixed, and severe deformities, a three- 
column osteotomy is often required. Three-column osteotomies are typically 
done via a combined anterior-posterior approach (such as a vertebral body resec-
tion of pedicle subtraction osteotomy) or posterior-only approach [22]. Posterior- 
only approaches involve the opening-wedge osteotomy and the closing-wedge 
osteotomy. The opening-wedge osteotomy is performed at C7 involving a lami-
nectomy, facetectomy, and pediculectomy with a fulcrum of rotation in the mid-
dle column. The closing-wedge osteotomy is similar to the opening-wedge 
osteotomy with the addition of an osteotomy in the vertebral body that is closed 
like a pedicle subtraction osteotomy [21]. In the example of our patient, Fig. 13.3 
demonstrates the combination of a three-column pedicle-subtraction osteotomy 
with multiple posterior osteotomies for kyphosis correction.
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Pre-op AP and Sagittal XR

Post-op AP and Sagittal XR

Fig. 13.3 The preoperative XR films and postoperative films are shown for a 65-year-old female 
patient who presented with dysphagia from “chin-on-chest” distal junctional kyphotic deformity 
with weakness of the hands and arms, 5 years after a prior C4-C5 corpectomy with C3-C7 poste-
rior spinal fusion was performed at a different hospital. A posterior-only approach utilizing a T1 
pedicle subtraction osteotomy was performed. The prior fusion was revised and expanded down to 
T5. Postoperative films demonstrate improvement of cervicothoracic deformity
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The correct approach may not be obvious. There have been prior publications in 
the literature for algorithmic strategies for the correction of CSDs in the general 
population. One such algorithmic strategy, published by Hann et al. [23], is sum-
marized in this section. CSDs are further divided into two main categories: (1) fixed 
(not flexible) and (2) nonfixed (flexible). Fixed deformities are then subclassified 
into those that are ankylosed and non-ankylosed.

 Fixed Deformity Without Ankylosis

Patients with fixed deformity without ankylosis are recommended for anterior 
release and grafting with or without posterior fusion. An anterior approach alone 
may be possible because of the ability to extend the cervical spine after release 
of anterior soft tissue due to nonfused facet joints. Multiple segmental discecto-
mies and distraction at each level with anterior wedge-shaped interbody grafts 
are generally preferable to long-segment corpectomy, which may be at higher 
risk of pseudarthrosis and result in more vertical distraction than angular 
correction.

 Fixed Deformity with Anterior Ankylosis

Patients with fixed deformity with anterior ankylosis are recommended for anterior 
release or osteotomies and subsequent posterior correction. This combined approach 
allows for anterior lengthening, posterior shortening, and kyphosis correction.

 Fixed Deformity with Posterior Ankylosis

Patients with fixed deformity with posterior ankylosis are typically treated with 
posterior osteotomy, followed by anterior release with interbody grafting and then 
followed by posterior instrumentation and fusion. Typically, these patients have 
posterior ankylosis in the setting of prior posterior fusion. Initial posterior osteoto-
mies are aimed at releasing the posterior ankylosing fusion mass. Decompression 
can be performed at this time if necessary, and screws can be placed without rods. 
After this portion, the patient is turned supine, anterior osteotomies are performed 
at the ankylosed segments, and anterior discectomies and placement of interbody 
graft may be performed to correct kyphotic deformity. Subsequently, the patient is 
turned prone and posterior spine instrumentation, and deformity correction is 
completed.
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 Fixed Deformity with Circumferentially Fused Cervicothoracic Junction

Patients with a fixed deformity with circumferentially fused cervicothoracic 
junction typically require a three-column osteotomy or pedicle subtraction oste-
otomy (PSO) for correction. This type of autofusion may be secondary to dif-
fuse idiopathic skeletal hyperostosis or ankylosing spondylitis. The PSO is 
performed across the cervicothoracic junction, and its advantages include that it 
does not require an intact anterior motion segment. However, the morbidity of 
the three-column osteotomy is more morbid, and this should be taken into 
consideration.

 Flexible Deformity with Mild Kyphosis

Patients with flexible deformity with mild kyphosis can often benefit from an ante-
rior cervical discectomy with fusion (ACDF). Typically, local kyphosis originating 
from cervical degeneration (not secondary to iatrogenic post-laminectomy kypho-
sis) from one segment can be treated via this method because of significant sequen-
tial distraction via ACDF [19]. Each segment can be significantly distracted 
anteriorly, resulting in kyphosis correction.

 Flexible Deformity with Moderate Kyphosis

Patients with flexible deformity with moderate kyphosis spanning more than three 
levels and correctable with traction of postural change may benefit from a posterior 
only method of decompression and fusion. Mild to moderate post-laminectomy 
kyphosis may be approached using this method. Although this method can decrease 
kyphosis, it is less effective in inducing lordosis than the anterior approach. 
Compared to the back-front-back method, it has less operative time, blood loss, and 
morbidity.

 Flexible Deformity with Severe Kyphosis

Patients with flexible deformity with severe kyphosis should generally be treated 
with a combined 360-degree anterior and posterior approach. Typically, this involves 
an initial anterior approach with multilevel discectomy and interbody grafting with-
out plating, followed by a turn to prone with posterior laminectomy, instrumenta-
tion, posterior osteotomies, and kyphosis correction.
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 Radiographic Success After Cervical Spine Deformity 
Correction in the Elderly

There is sparse literature on the radiographic success rates and predictors of radio-
graphic failure after CSD in the elderly. Horn et al. reported on 89 patients who 
underwent CSD with an average age of 61.9 years and showed that 20% of patients 
had an overall poor outcome, where “poor outcome” was defined as either poor 
radiographic outcome or poor clinical outcome. The mean correction of the C2-C7 
Cobb angle was from −7 degrees to 7 degrees (p < 0.001) and cSVA improved from 
4.6 cm to 4.0 cm (p = 0.008). There was no significant difference in baseline C2-C7 
Cobb angles and cSVA between those who suffered a poor outcome and those who 
did not, but at 1-year after surgery, there was a significant difference in cSVA 
(4.9 cm versus 3.9 cm, p = 0.04) between those who did and those who did not suf-
fer poor outcome, respectively. Of those who had poor outcomes (n = 18), 73% of 
patients had persistently malaligned or worsened T1-slope cervical lordosis mis-
match, and 8% had persistent or worsened severe cSVA. Osteoporosis, which is 
significantly correlated with increasing age, was identified as a predictor of poor 
outcome with an odds ratio of 5.9 [24].

 Complications After Cervical Spine Deformity Correction 
in the Elderly

Increasing age has been identified as a significant, independent predictor of compli-
cations and morbidity after surgery. An analysis of a prospective registry by 
Boddapati et al. reported that predictors of postoperative respiratory compromise 
after anterior spine surgery included increasing age and history of chronic cardiac 
and/or chronic respiratory disease. Age over 70 has been identified as an indepen-
dent predictor of a 30-day readmission after posterior cervical fusion in a large ret-
rospective study of 3401 patients with an odds ratio of 1.61 compared to those 
younger than 70 years [25]. Katz et al. reported in a retrospective study of 15,600 
patients undergoing both anterior cervical discectomy and fusion (ACDF) and ante-
rior cervical corpectomy and fusion (ACCF) that increasing age predicted readmis-
sion, reoperation, and morbidity after surgery. Of note, the average ages of the 
groups undergoing ACDF and ACCF were 54.9 and 56.2 years, respectively [26]. 
Passias et al. reported on a comparison of perioperative complications between a 
multicenter prospective cervical deformity database and the Nationwide Inpatient 
Sample (NIS), finding that the NIS included significantly younger patients (age 
under 50 years). The younger patients had a significantly lower rate of neurologic, 
peripheral vascular, respiratory, gastrointestinal, and infectious complications but 
had higher device-related complications rates. This suggests that surgeon- maintained 
cervical deformity databases may have higher granularity and more precise 
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reporting compared to nationwide databases, but nationwide databases may be bet-
ter at capturing medical complications.

Although increasing age may be an important predictor of morbidity for preop-
erative and postoperative CSD, there is significant heterogeneity in the “frailty” 
definition in elderly patients. A more granular approach to identifying elderly 
patients that may benefit from CSD correction and those at high risk of serious 
complications requires an assessment of other comorbidities and health-related data 
that are independent of age alone. One such approach in surgical literature has been 
the development of the “frailty index (FI),” which is utilized to summarize and mea-
sure the health status of older individuals, to serve as a proxy measure for aging and 
vulnerability to poor outcomes. Miller et al. [27] reported on an initial study of 61 
patients undergoing adult CSD correction, utilizing 40 patient-related variables to 
construct a CSD-related FI. They found that the incidence of major complications 
increased with greater frailty but did not have an association with surgical complica-
tions, discharge disposition, or length of stay. Another study, reported by Passias 
et al. [28], studied a modified version of the frailty index reported by Miller et al. 
This larger study of 121 adult CSD categorized into three groups as follows: (1) not 
frail, (2) frail, and (3) severely frail. They found that increased frailty was signifi-
cantly associated with increased length of stay, neck pain, infection, mortality, and 
decreased HRQOL. Severely frail patients are at higher risk of mortality after CSD 
correction surgery, and this is likely related to preoperative comorbidities and health 
status. The vast majority of postoperative mortality after CSD correction occurs 
secondary to medical complications, such as myocardial infarction, pneumonia, 
cardiopulmonary failure, and sepsis [29]. Although outcomes after CSD surgery 
appear highly variable, and complications are likely largely secondary to complex 
deformity correction cases, it is clear that increasing age, significant comorbidities, 
and increased frailty contribute to a higher risk of poor outcomes after CSD correc-
tion surgery. There appears to be a relative dearth of literature on the specific man-
agement of elderly patients with CSD and their outcomes after surgery, and further 
studies are needed that specifically focus on the elderly. More importantly, it would 
be an incorrect assumption to assume that the elderly comprises a homogenous 
group. Rather, studies should focus on management strategies and risk mitigation in 
elderly patients stratified by evidence-derived factors to allow surgeons to better 
prescribe surgical versus alternative nonsurgical treatments.

 Conclusion

Cervical spinal deformity may cause impairment of healthcare quality of life in 
elderly patients. Normal asymptomatic aging involves development of increased 
cervical lordosis or kyphosis, and many patients with cervical kyphosis are asymp-
tomatic. However, once quality of life becomes impaired, intervention can be con-
templated. Goals of surgery include correction of CSD to maintain horizontal gaze, 
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decompress the neural elements, and restore alignment of the cervical spine. CSD 
and can involve several techniques, such as ACDF, anterior osteotomy, posterior 
osteotomy, and three-column osteotomy. Increased age, significant comorbidities, 
and increased frailty appear to have correlation with poor outcome for CSD 
correction.
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Chapter 14
Spinal Cord Injury in the Elderly 
Population

Jacob L. Goldberg , Sertac Kirnaz, and Michael S. Virk

 Introduction

Spinal cord injury (SCI) is a significant cause of long-term neurological disability. 
In the United States, the incidence of SCI is estimated at approximately 12,000 new 
cases per year with a prevalence of 270,000 cases [1]. The estimated and inflation- 
adjusted direct and indirect costs annually for spinal cord injuries are $10B and 
$3.7B US dollars, respectively [2]. Acute care costs involving the initial hospitaliza-
tion and rehabilitation reportedly costs $142,366 per patient [3]. In the first year 
alone, the average costs are $523,089, with subsequent annual cost totaling 
$79,759 [4].

SCI incidence follows a bimodal distribution, peaking in the young adult and 
elderly populations [5, 6]. The US population pyramid demonstrates a bulge 
between the ages of 52 and 64 years old, and approximately 16.5% of the popula-
tion is over 65 years old, suggesting that the prevalence of elderly patients with SCI 
will increase. Moreover, the number of adults aged 65  years and older rapidly 
increases and is expected to double over the next several decades [7]. In young 
adults, SCI is predominantly the result of high velocity trauma. In contrast, 77% of 
SCI cases in the elderly result from the low velocity mechanism of traumatic falls 
followed by motor vehicle accidents [8]. Nonetheless the consequences of SCI in 
the elderly are severe. Among the geriatric population, the leading cause of unex-
pected death is related to traumatic injury, the most devastating of which are SCI 
[9]. Compared with young adults, the mortality rates among adults 65 years and 
older is significantly higher following SCI [10]. Further, older adults are also left 
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with a greater degree of functional impairment despite similar rates of neurologic 
recovery [10]. Furlan et al. studied 396 patients with SCI and found the risk of death 
within 1 year of injury to proportionally increase with age at the time of injury [10].

Several factors converge to increase the risk and severity of SCI in the elderly. 
This population is particularly susceptible to falls. Age-related deterioration of 
vision, balance, and proprioception is the physiologic underpinning of impaired 
ambulation. Beyond these factors, polypharmacy regularly encountered in the 
elderly population can be sedating or contribute to postural hypotension, both of 
which increase fall prevalence. The sequela of falls is further compounded by anti-
platelet and anticoagulation medications, which in turn contribute to hematomas. 
Genetic conditions, which manifest with higher prevalence and in more progressed 
states in older age such as ankylosing spondylitis and diffuse idiopathic skeletal 
hyperostosis, can alter spinal biomechanics. In these patients, traumatic injuries, 
including fractures, create long functional lever arms, which in turn increase the 
force transmitted across the vertebral column potentially leading to SCI, even fol-
lowing low velocity mechanisms. Similarly, as expected degenerative changes such 
as ligamentous hypertrophy, disc degeneration, and osteophyte formation accumu-
late, spinal stenosis increases with age. This increases the likelihood that relatively 
minor falls with neck hyperextension may result in SCI [11]. Indeed, cervical spon-
dylotic myelopathy increases fall risk via gait impairment, which further threatens 
vertebral column integrity and spinal cord health. Finally, osteoporotic fractures, 
such as thoracolumbar burst fractures, increase with age jeopardizing the spinal 
cord at T12 and L1 in particular.

Elderly SCI is a clinical entity that will be commonly encountered by practicing 
spine surgeons. In this chapter, we review the common SCI’s, evidence-based and 
consensus treatment recommendations, outcomes, and experimental treatments cur-
rently under investigation.

 Central Cord Syndrome

The primary mechanism of elderly SCI is neck hyperextension during a fall result-
ing in cervical cord injury [12, 13]. Central cord syndrome (CCS) is the most com-
mon cause of incomplete spinal cord injury in the elderly [14]. CCS was initially 
described by Schneider et al. in the mid-1950s as “disproportionately more motor 
impairment of the upper than of the lower extremities, bladder dysfunction, usually 
urinary retention, and varying degrees of sensory loss below the level of the 
lesion[15].” Central cord syndrome in the absence of spinal cord compression 
results from a concussive force disrupting the functional activity of the centrally 
located spinal tracts. While the precise mechanism is not totally understood, one 
theory suggests that because the somatotopic organization of both the lateral corti-
cospinal tracts and the dorsal columns consists of medial upper limb neuronal/axo-
nal localization, the constellation of symptoms predominantly affects the upper 
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extremities. After the primary traumatic injury occurs, the secondary injury devel-
ops as a result of inflammation and neuronal apoptosis [16]. While upper extremi-
ties are generally affected to a greater extent than lower extremities, the clinical 
manifestations of CCS range from mild upper extremity weakness with intact sen-
sation to complete quadriparesis without sacral region involvement. Bladder, bowel, 
and/or sexual dysfunction can be observed in the most severe cases.

The diagnosis is often made on the basis of clinical symptoms. Often, there are 
no radiographic findings on plain X-rays or CT scans associated with acute cervical 
trauma, such as disco-ligamentous complex disruption, but canal stenosis and/or 
cord compression of uncertain chronicity are common [17, 18]. MRI can be helpful 
for evaluation of connective tissues and neural elements. The presence of preverte-
bral hematomas or edema and lesions of the posterior tension band raise concern for 
instability [19]. Intramedullary hyperintense signal on T2-weighted and STIR 
sequences is associated with spinal cord edema, or in some cases preexisting myelo-
malacia, and may include parenchymal hemorrhage [20]. A retrospective cohort in 
2011 evaluating patients with acute traumatic central cord syndrome reported long- 
term ASIA motor scores could be correlated with MRI findings, including midsagit-
tal diameter at the point of maximum compression, maximum canal compression, 
and length of parenchymal damage [21].

Thus, the primary mechanism of injury in elderly CCS involves a hyperextension 
injury of the cervical spine, particularly with superimposed spinal stenosis, osteo-
phytosis, redundant ligamentum flavum, congenital stenosis, or rheumatoid arthritis 
[12, 13]. Fractures and/or dislocations are less frequently seen in elderly patients 
with CCS compared to a younger cohort due to the associated low velocity mecha-
nism of injury [22]. In addition to trauma, other etiologies of CCS in the elderly 
include epidural infection and malignancy. The treatment of CCS, with or without 
ongoing cord compression, is discussed in subsequent sections (Fig. 14.1).

cba

Fig. 14.1 Radiographic findings in a 91-year-old male patient presenting with dense central cord 
syndrome. (a) Sagittal CT cervical demonstrates C4-C5 and C5-C6 disc/osteophyte complexes, 
but no bony fracture or facet dislocation. (b) Sagittal MRI cervical spine demonstrates T2 cord 
signal at C4-C5 and diffusely at C5-C6 consistent with spinal cord edema. (c) Sagittal MRI 
1 month following C4-C6 laminectomy without instrumentation. MRI revealing posterior decom-
pression of cervical cord with consolidated intramedullary T2 cord signal
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 Spinal Trauma Associated with SCI: Odontoid Fracture, 
Penetrating Injury, and Fracture Dislocation

 Odontoid Fractures

Odontoid fractures can occur with low velocity trauma and are the most common 
cervical spine fracture in adults 70 years and older [23]. The Anderson and D’Alonzo 
classification for odontoid fractures categorizes them the following way: type I, 
isolated fracture of the dens; type II, fracture along the base of the dens; and type 
III, extending through the vertebral body of C2 [24]. Patients with type I and III 
fractures are routinely managed conservatively with a rigid external collar 6–8 weeks 
and rates of fusion of 100% for type I and between 64% and 100% for type III [25]. 
Type II fractures are poorly healing with as many as 85% resulting in nonunion if 
managed conservatively [26]. Graffeo et al., in a single-center prospectively col-
lected series of 111 elderly patients with type II odontoid fractures, found a signifi-
cantly increased odds of poor outcomes associated with the presenting Glasgow 
Coma Scale and/or comorbid SCI [27]. Of note, only 3 of 111 patients with type 2 
odontoid fractures presented with evidence of SCI.

In the elderly population, the risks, benefits, and treatment goals in patients with 
type II fractures require careful consideration. Molinari et al. published a surgical 
series, which demonstrated some of the decision-making complexities [28]. They 
evaluated elderly patients with type II odontoid fracture and treated those with 
>50% fracture displacement with C1-C2 posterior fusion (n = 25) and managed 
conservatively (for 12 weeks) the patients whose displacement was <50% (n = 33). 
The authors reported higher fracture healing in the operative (28%) compared with 
conservative management (6%) group. Sixty-seven percent in the nonoperative 
group had a nonmobile union. However, they also found higher rates of complica-
tion (24% vs. 6%) and mortality (20% vs. 12%) in the operative cohort. Of note, 
no patients in the nonoperative cohort and only two patients in the operative cohort 
presented with a neurologic deficit. No differences were observed between the 
groups on the basis of patient-reported pain outcomes, function, or satisfaction. 
The effect of treatment on neurologic outcome could not be ascertained. Though 
the generalizability of the study is limited by the fact that the operative group had 
worse fracture displacement, one conclusion suggests that fracture healing is not 
necessarily correlated with pain relief, function, or satisfaction but surgery did 
carry significant risks. In a separate report, Schroeder et  al. published a meta-
analysis evaluating the best available evidence and suggested that in well-selected 
geriatric patients, surgical management of type II fractures can be performed safely 
and with an associated decrease in short- and long-term mortality [29]. They 
reported that both short- and long-term mortality (odds ratios 0.43 and 0.47, 
respectively) were lower in patients who underwent surgery with no significant 
difference in mortality or complication rate related to surgical approach (anterior 
or posterior).
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In practice, many type II odontoid fractures are managed with long-term rigid 
cervical collar immobilization. In a small but representative study, Molinari et al. 
published their experience describing 34 patients with type II fractures managed 
with collar alone [30]. At 15  months, 6% of patients demonstrated radiographic 
fusion while 70% had mobile non-union. Notably, patient-reported outcomes did 
not significantly differ on the basis of fracture healing or stability.

 Penetrating Injury

SCI resulting from penetrating injury is rare in the elderly population [31]. Prognosis 
and outcomes are likely worse in the elderly population, due to the presence of 
comorbidities and overall health status. Unlike blunt trauma, which is more com-
mon in cervical spine, penetrating SCI usually occurs in thoracic spine, and the rate 
of neurological recovery is lower for penetrating SCI patients [32]. Roach et  al. 
found that the rate of complete SCI was about 50% more for penetrating SCI patients 
then blunt SCI patients [32]. Morrow et al. further described the epidemiology of 
penetrating SCI reporting the results of a prospectively maintained spine trauma 
database [33]. Of 1130 patients presenting with traumatic spine fractures, 154 
(13%) were secondary to penetrating injury. Sixty-three patients (41%) had con-
comitant spinal cord or cauda equina injury. Forty-four (70%) presented with ASIA 
A impairment with 10 (16%) improving by at least one grade. Nine patients in total 
underwent surgical intervention for either instability, ongoing compression with 
worsening exam, infectious concerns, or multiple reasons. Surgery was not corre-
lated with an improvement in ASIA score. Although it is generally recommended to 
maintain elevated MAP goals in SCI patients among younger patients, Readdy et al. 
demonstrated that 71% penetrating SCI patient treated with vasopressors had car-
diogenic complications [34]. Though evidence is unavailable due to the rarity of this 
condition in the elderly, the poor cardiac tolerance in a younger cohort cautions 
against the use of vasopressors in the elderly penetrating SCI patient.

 Thoracolumbar Fracture/Dislocation Associated with SCI

Although cervical injuries are most prevalent in the setting of mechanical fall, other 
factors, such as decreased global range of motion, loss of disc elasticity, and overall 
stiffening of the spinal column, predispose to thoracic distraction injuries as well 
[35, 36]. For example, ankylosing spondylitis (AS) and diffuse idiopathic skeletal 
hyperostosis (DISH) predispose patients to multiple column vertebral fracture, 
which are often highly unstable with minor trauma (Fig. 14.2). Based on Finnish 
national patient register data, Alaranta et al. showed patients with AS are 11.4 times 
more likely to have SCI compared to general population [37]. Several other studies 
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a b c

Fig. 14.2 (a) Sagittal CT demonstrating bridging bone throughout the thoracic spine consistent 
with ankylosing spondylitis. A fracture through the T10 superior endplate is marked with a blue 
arrow. (b) A subsequent CT taken after repositioning demonstrates loss of alignment. (c) Lateral 
fluoroscopy demonstrating posterior fusion 3 levels above and below the fracture level

also demonstrated that AS patients have a higher risk of complete SCI. Given the 
ability of these highly unstable fractures to auto-reduce, the finding of AS on imag-
ing should prompt careful investigation for an unstable but well-aligned vertebral 
fracture (Fig. 14.3). Since AS patients suffer from long-standing pain, diagnosis of 
a cervical fracture or dislocation can be missed or delayed in this patient population. 
In a retrospective analysis by Anwar et al., fractures or dislocations were missed on 
initial cervical X-rays in 59.4% of patients with AS. With high clinical suspicion, 
MRI should be obtained [38]. Distraction fractures associated with AS carry an 
increased risk of morbidity and mortality, including SCI [39]. Multilevel pedicle 
screw fixation, generally three levels cranial and three levels caudal to the fracture, 
is routinely employed to prevent catastrophic neurologic injury [40] (Fig. 14.3).

Thoracolumbar burst fractures account for 15% of spinal injuries [41] and often 
occur between T12 and L3 [42] with ~50% occurring at either T12 or L1. Rates of 
associated neurological deficit vary widely and depend in part on mechanism of injury 
[41–44]. With nonoperative treatment (brace, recumbency, external casting, etc.), 
rates of partial neurological recovery range from 14% to 83%, while full neurological 
recovery is reported in <20% of cases [45]. Several retrospective and systemic review-
ers have found stabilization within 3 days to be associated with shorter hospital stays, 
less morbidity, and better outcomes [45]. A prospective study by Cengiz et al. found 
surgery within 8 h to be associated with improvement in neurologic outcome (ASIA 
score) as well as shorter hospital and ICU stays and fewer complications [46].

 Medical Management

Management of acute SCI patient is a critical and time-sensitive intervention. The 
general principles of advanced traumatic life support (ATLS) should be applied to 
any acute SCI patients [47]. If the patient is unconscious, the mechanism of injury 
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Fig. 14.3 76-year-old male with DISH after a fall downstairs while intoxicated resulting in central 
cord injury. (a) Sagittal CT demonstrating widening of the C4-C5 disc space and acute fracture 
through the overlying osteophyte, which (b) extends posteriorly into the lamina and facet. (c) 
Sagittal T2 MRI with intramedullary hyperintensity at C4-C5, C3-C6 severe stenosis with ventral 
epidural hematoma. (d) Postoperative sagittal CT demonstrating posterior decompression and (e) 
lateral mass instrumentation. (f) Postoperative sagittal T2 MRI with decompressed cord and evolu-
tion of cord edema

is suspicious, or the patient has a neurological deficit, immediate immobilization 
with a rigid cervical collar or a backboard is required prior to the transfer to a 
healthcare facility [48]. Collar and logroll should be maintained until proper imag-
ing can be obtained. Optimization of tissue oxygenation and perfusion are the two 
most important preventive measures for possible long-term neurological disability 
due to secondary injury. Airway protection and ventilation should be considered 
especially for patients with high cervical injury. In case of a hypovolemic and neu-
rogenic shock, IV fluids and infusion of pressors, including norepinephrine or dopa-
mine, is indicated to maintain blood pressure, particularly since these patients are 
susceptible to systemic hypoperfusion. Therapeutic elevation of mean arterial pres-
sure (MAP) to greater than 85 mm Hg during the first week post SCI is a nontar-
geted intervention being employed more commonly [49, 50]. On the other hand, 
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while the use of high-dose steroids in the immediate SCI period is used by some 
practitioners in younger patient cohorts at early time points, it is not routinely used 
in the elderly as evidence in favor remains weak while the side effect profile is 
considerable.

 Surgical Management

The surgical treatment goal in SCI is decompression of the spinal cord by directly 
removing mass occupying lesions from the spinal canal, opening the spinal canal 
around the compressed cord, realigning the vertebral column, and stabilizing unsta-
ble injuries [51]. In spite of minimizing the effects of the primary injury by rapid 
decompression, the resulting ischemia and reperfusion lead to further injury due to 
altered enzymatic activity, unregulated release of neurotransmitters, and apoptosis 
of neurons and their supporting cells [52]. Disappointingly, medical treatment 
aimed at halting and/or reversing this biochemically mediated injury remain elusive.

Several preclinical studies showed that early surgical decompression was helpful 
in terms of ameliorating secondary injury; however, early clinical studies failed to 
demonstrate this theory [53, 54]. In 1980s and 1990s, several studies failed to dem-
onstrate the benefits of early surgical decompression over delayed decompression, 
and the timing of surgery remained a point of debate [55]. Moreover, in a multi-
center prospective study in 1987, authors favored delaying surgery after observing 
deterioration in cervical SCI patients underwent decompression surgery within the 
first 5 days [56]. However, published studies have demonstrated positive results of 
early decompression (<24 h) in SCI patients. Fehlings et al. showed that patients 
undergoing decompression within 24 h were 2.8 times more likely to have at least a 
two-grade ASIA impairment scale improves at 6 months follow-up in a multicenter, 
prospective study on 313 patients with acute cervical SCI [57]. More recently, a 
meta-analysis by Lee et  al. further demonstrated that ultra-early decompression 
(<8  h) is both safe and superior to late decompression in terms of neurological 
recovery [57]. Subsequent studies have shown that ultra-early decompression pro-
vide better long-term functional outcome and shorter length of hospital stays [58, 
59]. Specifically, Jug et al. found statistically significant improvements in the motor 
component of the ASIA score in patients operated <8 h compared with 8–24 h after 
injury [58].

In the elderly population, treatment needs to account for the increased surgical 
risks in the context of a particular patient’s medical comorbidities and baseline 
functional status. Most patients without radiographic abnormality experience neu-
rologic improvement with medical management in rigid external immobilization. 
Although neurologic recovery is often seen with conservative management, recov-
ery may be limited. It is also worth noting that a hard collar is associated with sig-
nificant morbidity in the elderly, including dysphasia, aspiration, and falls.

In a study of 44 by Hagen et al., early surgery was associated with decreased 
length of stay and better motor recovery in patients with central cord associated 
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with an acute traumatic disc herniation or cervical fracture compared with late sur-
gery [8]. However, in patients with central cord without these acute traumatic radio-
graphic abnormalities, neurologic function was no different in patients undergoing 
early compared with late surgery. Notably, surgery was well tolerated in both 
cohorts. Though the literature remains controversial over the years, many surgeons 
favor early surgical decompression in an acceptable risk surgical candidate [60]. A 
growing field of research is focusing on further investigating early decompression. 
In a recent retrospective study of 48 patients with cervical SCI, Burke et al. found a 
significant improvement in neurologic outcome among patients operated on within 
12 h of presentation and those within 12–24 h of presentation with those in the ultra- 
early group faring the best [60].

Regarding hospital course, Lau et al. retrospectively studied 83 young and 23 
elderly SCI patients and found significantly higher rates of cervical SCI in the 
elderly, similar length of ICU stays, and higher rates of complications and mortality 
(1.7× and 10.8×, respectively) [61].

 Outcomes

After SCI, geriatric patients face a significantly increased rate of mortality [31]. For 
those with comorbid neurodegenerative disorders, outcomes are even worse [62]. 
Compared with young adults with SCI, elderly patients are more likely to end up 
with a permanent tracheostomy due to their decreased overall pulmonary function 
and out of concern for airway protection [63]. Improving these outcomes depends 
in part on anticipating and managing the commonly encountered acute and chronic 
complications [64, 65]. Depending partly on the mechanism and specific injury, 
elderly patients with SCI are at elevated risk for the following acute complications: 
neurogenic shock, autonomic dysfunction, stroke, myocardial infarction, dyspha-
gia, respiratory impairment, and bowel and/or bladder dysfunction. The most com-
monly encountered complications related to prolonged immobility and included 
pressure ulcers, pain, osteoporosis, and deep venous thrombosis/pulmonary 
embolisms.

Spinal cord injury rehabilitation is especially important in the elderly, as they 
face higher rates of functional impairment after injury. Specialized programs have 
been demonstrated to lead to functional improvements associated with the activities 
of daily living similar to those observed in younger cohorts using independence 
assessments [66]. However, in aggregate the elderly SCI population faces signifi-
cant hurdles after injury compared to younger populations [67]. DeVivo et al. illus-
trate this in their report of 886 SCI patients finding those older than 61 years of age 
(compared with those aged 16 to 30) are 22 times more likely to be discharged to a 
nursing home, 72 times more likely to remain in a nursing home 2 years after injury, 
and 7 times more likely to have hired attendants to assist them during the second 
year post injury [67]. Specialized elderly SCI programs ideally involve a 
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multidisciplinary team, including physiatrists, geriatricians, physical and occupa-
tional therapists, nutritionists, and wound care specialists. Additional consultation 
from gastroenterologists and urologists are frequently required. Mental health pro-
fessionals are also core members of this multidisciplinary team. Livneh et  al. 
reported on 95 adults with SCI being treated in the outpatient setting finding that 
coping resources and strategies facilitated psychosocial adaptation to SCI [68].

 Experimental Treatments

Several experimental medical interventions aimed at halting or reversing the sec-
ondary biochemical injury are being studied in trial settings and are not in routine 
clinical use. Polyunsaturated fatty acids experimentally protect the cord during 
acute injury and are being investigated for a possible treatment role in promoting 
cord restoration [69]. Other trials are investigating the role of minocycline in 
decreasing the amount of neuronal loss following injury [70]. Riluzole has shown 
early promise in decreasing the glutamate mediated loss of motor neurons after SCI 
and is now being evaluated in a multicenter phase III clinical trial [71].

Non-pharmacologic interventions such as therapeutic hypothermia after acute 
SCI are also being evaluated [72]. In their most recent position statement on the 
topic, the AANS/CNS Trauma Section noted encouraging evidence regarding the 
safety of modest therapeutic hypothermia but were unable to produce a recommen-
dation for or against this intervention, citing the need for randomized trials [73].

 Conclusion

The prevalence of spinal cord injury is highest among young adults and the elderly. 
As the overall population ages, spine surgeons will continue to see increasing num-
bers of elderly patients presenting with SCI. Several factors converge for elderly 
patients, including polypharmacy, degenerative processes, and certain disease 
states, which both increase the predisposition to falling and worsen the severity of 
these events. Treatment depends on the particular pattern of injury and patient- 
specific factors. Medical interventions designed to stop the biochemical secondary 
spinal cord damage are currently under investigation. Surgical treatment should be 
performed early when appropriate. SCI-focused rehabilitation comprised of a mul-
tidisciplinary team is an essential aspect of post SCI care.
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 Introduction

Spinal oncology can be divided into four groups based upon two diagnostic axes—
(1) whether the tumor is primary or metastatic and (2) whether the tumor arises 
from the vertebral column or from the spinal cord and meninges. Of these, metasta-
ses of the vertebral column are by far the most common lesion type, followed by 
primary lesions of the spinal cord and meninges [1]. Primary lesions of the vertebral 
column are far more uncommon – estimated to occur in 2–3 patients per million 
population per year [1, 2]. Metastases isolated to the spinal cord and meninges are 
exceedingly uncommon [3].

Among the elderly, which we operatively define here as those greater than 
60  years of age, the most common lesion types are spinal column metastases 
(71–105 cases per 100,000 population per year), [4] primary tumors of the spinal 
cord and meninges (2–2.7 per 100,000 per year and 0.9–1.4 per 100,000 per year, 
respectively), [1] and primary vertebral column tumors (≈5 per million per year) 
[1]. The optimal management strategies of these lesion types will be the focus of 
this chapter.

 Frailty in the Elderly Spine Oncology Patient

Frailty is a somewhat vague concept used to describe the increased vulnerability 
that comes with aging-associated decline in physical reserve and function [5]. 
Clinical surrogates that have been used for frailty include weight loss or cachexia, 
[6] muscle loss or sarcopenia, [7–9] physical endurance, hypoalbuminemia/malnu-
trition, [10] and nutritional risk [11]. Multiple frailty assessment instruments have 
also been developed, [12] of which the most common are the physical frailty phe-
notype, [13] the deficit accumulation index, [14] and the vulnerable elders survey 
[15]. Within the spine literature, the Modified Frailty Index-5 (mFI-5) [16–18] and 
the American Society of Anesthesiologists (ASA) classification have also been 
employed as frailty metrics [19].

Previous investigations into the impact of frailty on spine oncology outcomes has 
yielded mixed outcomes. Zakaria investigated the impact of sarcopenia—low skel-
etal muscle mass—in patients with spinal metastasis and found it to be an indepen-
dent predictor of increased overall mortality for both surgical and radiosurgical 
patients [7, 8]. Similarly, Charest-Morin, using the mFI-5, found greater frailty to be 
an independent predictor of prolonged hospitalization in patients undergoing en 
bloc resection of a primary or metastatic vertebral column tumor [18]. By contrast, 
Bourassa-Moreau et al. [20] found that frailty, as measured by previously validated 
indices (e.g. the mFI-5), did not predict either mortality or complication in patients 
undergoing emergent surgery for spinal metastasis. Nevertheless, they did find that 
sarcopenia predicting poorer outcomes, suggesting that, in general, frailty, as 
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defined by poorer physical reserve, portends poorer outcomes in spine tumor 
patients. Fig. 15.1 conceptually represents how age and physical degeneration may 
factor into the relative risk-benefit profile of spine tumor surgery.

An independent but related concern is the presence of medical comorbidities. In 
general, patient medical histories increase in complexity with age; diabetes melli-
tus, [21] hypertension, [22] chronic pulmonary disease, [23] and cancer [24] are all 
increasingly common in the aged population. These medical comorbidities have 
been previously analyzed using a number of metrics, of which those most com-
monly applied to the spinal surgery literature are the Charlson Comorbidity Index 
(CCI) and ASA class. Greater medical complexity as measured by a higher CCI 
score or ASA class has previously been tied to prolonged hospitalizations and 
higher 30-day mortality in patients operated for spinal tumors [25]. Using the 
National Surgical Quality Improvement Program (NSQIP) database, Lakomkin 
et al. [25] found that CCI was an even stronger predictor of poor outcomes than 
ASA class or patient frailty, as assessed by the mFI-5.
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Fig. 15.1 Schematic representation of the relative costs and benefits of surgical intervention for 
spine tumors superimposed on a plot of physical health as a function of age. As the plot demon-
strates, physical health worsens with increasing age. Under normal aging (red line), this process 
occurs gradually, whereas under certain conditions, patients experience a process of advanced 
aging (purple line). Those experiencing advanced aging cross the boundary between health and 
frailty at an earlier age than those aging at a normal rate. The incremental benefits of surgery 
(green)—commonly thought of in terms of overall or disease-specific survival—tend to decrease 
with age for most tumor pathologies, reaching a minimum at the point where the expected disease- 
specific survival equals or exceeds the actuarial survival for someone of the patient’s age and 
general condition without active malignancy. Relative procedural morbidity also increases with 
age (orange line) as the pulmonary function and wound healing abilities of the patient decrease. 
Under the conditions of advanced aging (gold line), the relative morbidity may rise at an acceler-
ated rate. Consequently, patients demonstrating advanced frailty may experience a relative reversal 
of the expected risks and benefits of surgery at an earlier age, as reflected by the intersection of the 
gold line with the green “benefit” line at a younger age relative to the orange line
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 Primary Spine Tumors

As stated above, primary spine tumors can be divided into those arising from the 
bones and those arising from the spinal cord, nerve roots, or meninges. The latter 
are far more common and surgery for these lesions is generally less morbid.

 Tumors of the Vertebral Column

For the purposes of this discussion, we define primary tumors of the vertebral col-
umn as all malignancies arising from the bone of the mobile spine and sacrum. 
There are many benign lesions (e.g., chondroblastoma, enchondroma, giant cell 
tumor, osteoblastoma) that arise from the spinal column; however, these oftentimes 
do not require surgical management. Primary malignancies of the mobile spine and 
sacrum are exceedingly rare, occurring in only 2–3 patients per million population 
annually. Nevertheless, they are predominately seen in patients over the age of 50, 
with peak incidence in the sixth and seventh decade of life [1]. Disease burden is 
slightly higher among females (≈5:4); however, rates do not differ substantially.

The most common primary vertebral column malignancies are osteosarcoma 
(osteogenic sarcoma), chordoma, chondrosarcoma, and Ewing sarcoma. The opti-
mal management of each lesion type is beyond the scope of this chapter; however, 
they can largely be split into two groups. The first group, comprised of osteosar-
coma and Ewing sarcoma, benefits from neoadjuvant chemotherapy administration 
[26, 27]. For osteosarcoma, common regimens include methotrexate, doxorubicin, 
ifosfamide, cisplatin, or a three-agent regimen of bleomycin, cyclophosphamide, 
and dactinomycin. For Ewing sarcoma, a typical regimen is 12 cycles of vincristine, 
ifosfamide, and alternating actinomycin D and doxorubicin [26]. Chordoma and 
chondrosarcoma comprise the second group—those lesions for which chemother-
apy has little to no efficacy.

Examination of population-level data, such as the Surveillance, Epidemiology, 
and End Results (SEER) database, suggest that all four lesion types benefit from 
surgical resection [28]. Specifically, en bloc resection with negative margins (R0 
resection) has been demonstrated [29, 30] to offer superior survival in chordoma, 
[31–33] chondrosarcoma, [34–38] osteosarcoma, [39, 40] and Ewing sarcoma [41, 
42]. Despite the apparent benefits in terms of local control and overall survival, 
surgery for primary osseous spinal malignancies is among the most morbid of neu-
rosurgical procedures. Many elderly patients may be too ill to reasonably pursue 
surgical intervention and should instead be treated with a combination of radio-
therapy for local control and pain relief, cementoplasty for spinal column stabiliza-
tion, and chemotherapy for control of metastatic spread.
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Patients, especially those who are advanced in age, benefit from multidisci-
plinary management and thorough evaluation of their preoperative health status. 
Those deemed healthy enough for surgery then undergo a process of oncologic stag-
ing (e.g., with positron emission tomography and/or computed tomography of the 
chest, abdomen, and pelvis) and surgical staging. The Enneking or Musculoskeletal 
Tumor Society (MSTS) system [43, 44] has been the staging system of choice for 
nearly 30 years. But recently, the American Joint Commission on Cancer (AJCC) 
published a TNM system for primary spine malignancies that incorporates elements 
of tumor morphology in addition to locoregional spread [45]. Many spinal oncolo-
gists still use the former system; however, it seems likely that in the near future the 
AJCC system may become standard due to shared features with the other TNM 
systems, which are widely employed in medical oncology [46].

Lesions that demonstrate no evidence of spread beyond local nodes may be rea-
sonably approached for en bloc R0 resection. The Weinstein-Boriani-Biagini 
(WBB) [47] is a surgical staging system well-known to spinal oncologists that 
divides each spinal segment into concentric tissue layers, each comprised of 12 sec-
tors arranged like a clockface (Fig. 15.2). The sectors involved dictate whether an 
anterior or posterior approach is preferrable. For lesions of the subaxial spine, an 
anterior approach is generally preferred for tumor delivery; a second posterior 
approach for stabilization may also be required. For lesions of the craniocervical 
junction, more invasive approaches are often necessary, including a staged posterior- 
anterior approach with a transmandibular anterior stage for lesions of the craniocer-
vical junction or a transmanubrial approach for lesions of the cervicothoracic 
junction. Previous investigations have suggested that it may be used to accurately 
predict which lesions can be resected en bloc with wide or marginal margins in 88% 
of cases [48]. However, it must be noted that the vertebral arteries and nerve roots 
feeding the brachial plexus potentially complicate the resection of these lesions [49, 
50]. In general, we favor preservation of the roots feeding the brachial plexus, given 
their vital role in daily function. Preservation of these nerves may lead to intrale-
sional or marginal resection though. By contrast, we favor sacrifice of the vertebral 
artery to achieve en bloc R0 resection, if there is sufficient perfusion of the posterior 
circulation by the contralateral vertebral artery [51].

Though most primary sarcomas are conventionally thought of as radiation- 
resistant, modern radiation modalities, including focused photon therapy, proton 
therapy and hadron therapy (e.g. carbon ion therapy) have been shown to be effec-
tive [52]. Consequently, radiotherapy has become a key part of the treatment para-
digm for most patients with primary bone tumors [2, 53–58]. Proton and hadron 
therapies may have advantages in terms of reduced radiation to adjacent healthy 
tissues. Lastly, some preliminary experiences have suggested that definitive, high- 
dose proton or hadron therapy may be useful for local control in those patients 
unable or unwilling to tolerate the morbidity of surgical management [59–61].
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Fig. 15.2 Weinstein-Boriani-Biagini (WBB) system applied to the cervical spine. Concentric tis-
sue layers are (A) the extraosseous soft tissues/muscle, (B) the superficial bone (intraosseous com-
partment—blue), (C) the deep bone (intraosseous compartment—green), (D) the epidural 
compartment, and (E) the intradural compartment

 Tumors of the Spinal Cord and Meninges

Primary lesions of the spinal cord and meninges show peak incidence in the seventh 
decade of life; more than 40% of meningeal lesions and nearly 30% of spinal cord 
lesions are documented in patients over the age of 60 [1]. Like primary vertebral 
column tumors, lesions are more common among women (M:F ≈ 3:2 for meningeal 
lesions and 6:5 for spinal cord lesions) [1]. For both intramedullary and extramedul-
lary lesions, cervical localization is less common than thoracic localization but 
accounts for a nontrivial proportion of cases [62].
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 Intradural Extramedullary Lesions

The most common histologies for intradural extramedullary tumors are schwanno-
mas and meningiomas [63–66]. Surgical resection has conventionally been the 
treatment of choice for both pathologies [67, 68]. It is indicated for patients with 
neurological deficits secondary to neural element compression (e.g., spinal cord 
compression in meningiomas). Increased age is a known risk factor for postopera-
tive venous thromboembolism, 30-day mortality, 30-day reoperation, 30-day 
unplanned readmission, and nonroutine discharge [69–71].

Meningiomas are uncommon in the cervical spine relative to the thoracic region, 
but 14–27% localize to the cervical spine [64]. Dorsal lesions can usually be 
addressed in patients that are considered poor substrates, such as elderly patients 
with extensive medical comorbidities, and definitive radiotherapy may be a reason-
able alternative for spinal. A recent review of the SEER database demonstrated that 
this is only employed in ≈1% of patients though [72]. Such population-level data 
lacks the granularity to explain the reason for this treatment method. However, it 
can be speculated that patients generally receive surgery, as it is the best means of 
relieving preoperative neurological deficits. Gross total resection is possible in 
82–99% of cases, though it may be difficult or impossible in calcified lesions [64]. 
The exact approach entertained is dependent upon the location of the lesion; dorsal 
lesions can be effectively treated with laminoplasty and Simpson grade I/II resec-
tion. However, anterior or anterolateral localization appears more common in cervi-
cal tumors [71, 73]. A dorsal or dorsolateral approach with sectioning of the dentate 
ligaments is generally effective for these lesions. However, for ventral lesions abut-
ting the cervicothoracic cord, a transcervical approach with anterior cervical cor-
pectomy and fusion may be entertained [73, 74]. In must be noted that such anterior 
approaches carry increased risk of dysphagia with age, especially among patients 
>60 years old [75, 76]. Complication rates are relatively low (0–3%) as is local 
recurrence (1–6%) [64]. Local control appears comparable for Simpson grade I and 
grade II resection, [77] though debate remains about this issue [78, 79].

Schwannomas, by contrast, are generally easily addressed from a posterior-only 
approach, and several large series have been published describing their manage-
ment, including those of Conti et al., [80] Lenzi et al., [81] Seppälä et al., [82] and 
Safaee et al. [83, 84] Reported rates of gross total resection vary widely, ranging 
from 21% to 99% of cases; [80, 84] rates of gross total resection may be lower for 
cervical lesions [84]. All report relatively good outcomes, with neurological recov-
ery seen in 56–73% of patients [80, 81] and significant improvements in functional 
status [80]. Based upon the result of Lenzi et al., [81] sensory deficits are both more 
common than motor deficits preoperatively and more likely to recover after surgical 
resection. However, many patients (up to 80%) are left with residual preoperative 
neurological deficit or a new postoperative neurological deficit [82]. It is essential 
that patients be warned of these likely complications prior to surgery. For patient 
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unwilling to tolerate these deficits or who are unable to otherwise tolerate surgery, 
radiosurgery may also be an effective option for pain control and symptom stabili-
zation [67, 68, 85–87].

 Intradural Intramedullary (Intrinsic) Lesions

Increased age is similarly a predictor of worse outcomes amongst patients being 
treated for intrinsic/intramedullary spinal cord tumors. [88] The most common 
intrinsic lesions include ependymoma, astrocytoma, and hemangioblastoma [62, 
65, 66, 89]. Unlike extramedullary lesions, surgery is generally the only option for 
the management of intrinsic lesions. In the case of ependymoma and hemangioblas-
toma, curative resection is often possible and improves progression-free survival 
[90–93]. Therefore, patients who are healthy enough to undergo surgical manage-
ment should be treated with definitive resection, irrespective of age. By contrast, 
astrocytomas generally have ill-defined margins [92, 94]. Therefore, the patient and 
surgeon must have a more extensive discussion about the relative balance between 
the benefits spinal cord decompression and the new neurological deficits that are 
unavoidable with such surgeries. Cervical lesions are thought to have the highest 
rates of postoperative neurological worsening [92] and lowest likelihood of achiev-
ing optimal neurological outcomes [93]. Ill-defined tumor planes, [90] larger tumor 
size, [95] and increased age [93] are also associated with poorer neurological out-
comes. Lastly, some prior series suggest that sensory symptoms are the most likely 
to improve following surgery [96]. Patients looking for improvements in motor or 
bowel/bladder function may therefore expect relatively less benefit than patients 
looking for sensory improvements. This warrants further investigation though.

 Metastatic Lesions

The age profile of patients with metastatic spine tumors largely reflects the profile 
of all patients with oncologic disease, which is perhaps unsurprising, given that 
40–70% of patients with newly diagnosed cancer will develop spine metastases 
[97]. However, only a small subset of patients with metastatic spine disease will 
have indications for surgical intervention [98]. The most common primary malig-
nancies vary somewhat based upon the population under examination, but, in gen-
eral, the most common primaries—lung, prostate, and breast—are the same as the 
most common primary malignancies in the general population [99]. Hepatocellular 
carcinoma and gastric adenocarcinoma are also common among East Asian popula-
tions, [4] consistent with the higher incidence of these cancers in Eastern Asia. 
Although cervical metastases are the least common, they are the easiest to address 
surgically.
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 Goals of Surgery

The primary goals of surgery for metastatic spine disease are to address underlying 
mechanical instability and to relieve compression on the neural elements. Assessment 
of mechanical instability relies on a combination of radiographic and clinical assess-
ment. Biomechanical studies—finite element analyses and cadaveric experiments—
have demonstrated that greater instability is associated with larger lesion size 
[100–103]. Additionally, finite analyses have suggested that decreases in axial load-
ing capacity may be greatest for more cranially situated vertebrae [100]. Poor 
underlying bone quality, which is common in the elderly, also lowers vertebral body 
yield strength, [102] as does involvement of the posterolateral elements [104, 105].

The aggregate of these findings in turn led to the development of the Spinal 
Instability Neoplastic Score (SINS), a decision-making aid developed by the Spinal 
Oncology Study Group [106] that has been demonstrated to have high inter- and 
intra-rater reliability [107]. SINS scores lesions on a scale from 1 to 18 based upon 
underlying bone quality, extent of vertebral body involvement, the presence or 
absence of pain, posterolateral element involvement, location, and the presence of 
concurrent deformity. Lesions scoring >12 are deemed mechanically unstable 
enough to warrant surgical intervention, whereas those scoring ≤6 are deemed non-
surgical. Intermediate scores (7–12) are classified as “potentially unstable”; how-
ever, more recent studies have suggested that scores of 10 or above generally benefit 
from surgical management [108, 109]. Additionally, a recent study by the Memorial 
Sloan Kettering group [110] suggested that blastic lesions, lesions causing mechan-
ical pain, and lesions of the mobile or junctional spine segments were most likely to 
experience symptomatic benefit from intervention. Based upon this, it would appear 
that patient with cervical or cervicothoracic junctional lesions are more likely to 
experience benefit from surgery than those with lesions of the thoracic spine. 
Curiously, the results also suggest that patients with blastic lesions experience 
greater benefit, which is contrary to conventional thought. However, a 2020 finite 
element analysis suggested that the underlying loading characteristics of blastic 
lesions are poorer than those of lytic lesions [111]. Further investigations are neces-
sary to evaluate this point.

Neurological deficits are the second major indication for surgical management of 
spinal metastases, and roughly 20,000 patients each year require intervention for 
metastatic epidural spinal cord compression (ESCC) [112]. With the publication of 
the findings of Patchell et al., [112] surgical decompression has been considered the 
gold standard as it provides superior functional outcomes to radiotherapy alone. 
Even with the advent of improved, focused radiation modalities (e.g., CyberKnife), 
surgical decompression remains the intervention of choice for those with tumor 
directly abutting the cord. Like mechanical instability, ESCC can also be assessed 
using a validated scoring system—the ESCC scale of Bilsky et al. [113]—that has 
previously been correlated with the severity of neurological impairment [114]. 
Lesions with direct tumor-cord contact (ESCC grade 2 and 3) should generally be 
treated with surgical decompression followed by radiotherapy, so-called separation 
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surgery [115]. However, recent evidence suggests that radiotherapy alone may be 
reasonable for a select group of ESCC grade 2 patients presenting with either no 
neurological deficits or mild neurological deficits on presentation [116, 117]. Such 
decision should be made in consultation with a multidisciplinary care team and 
knowledge of the patient’s treatment goals .However, it may be preferrable for some 
elderly patients with extensive medical comorbidities that would make them poor 
surgical candidates.

 Who Is a Surgical Candidate?

Ensuring that a patient is a good surgical candidate is paramount for metastatic 
lesions, as the goal of surgery is symptom palliation, not cure. This is especially true 
for cervical metastases, which have the highest risk of multiple perioperative com-
plications [118]. Conventionally, surgical candidacy for patients with spinal metas-
tases has been based upon expected postoperative survival, with most spinal 
oncologists recommending surgery only for those patients with an expected survival 
of at least 3 months [98]. Pursuant to this, a number of survival predictors have been 
created, of which the best known are the Tomita [119] and Tokuhashi scales [120, 
121]. Early scales were quite simplistic; however, more complex scores have been 
developed recently using multivariable analyses and machine learning. These newer 
scoring systems have proven more accurate and include the scoring systems of the 
Skeletal Oncology Research Group [122–124] and the New England Spinal 
Metastasis Score [125]. However, recently prospective work has suggested that 
even patients who do not meet these conventional survival guidelines may benefit 
from surgical intervention. Dea and the AOSpine Knowledge Forum Tumor [126] 
recently demonstrated that even patients with postoperative survival times less than 
3 months may experience similar, clinically meaningful improvements in health- 
related quality-of-life outcomes. As a result, expected survival may not be an effec-
tive strategy for determining surgical candidacy. Rather, we favor an evaluation that 
balances the morbidity of surgery against the projected patient benefit in terms of 
neurological status and quality of life. Those with extensive comorbidities and con-
cordantly high expected morbidity may be harmed more than helped by surgical 
intervention. By contrast, those with relatively few medical comorbidities may 
experience a net benefit from surgical treatment, even if they have poor expected 
survival.

 Minimally Invasive Surgical Techniques and Alternatives 
for Frail Patients

As stated previously, the biggest concern with performing surgery for primary or 
metastatic lesions of the aged spine is whether the patient is too frail to tolerate the 
morbidity of surgery. As decreasing a patient’s frailty is seldom an option, surgical 
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optimization focuses on reducing procedural morbidity. The most popular means of 
doing so is through minimally invasive surgery (MIS). MIS techniques are defined 
by all surgical techniques that minimize soft tissue dissection and the disruption of 
normal anatomy en route to achieving the goals of surgery. MIS techniques are dif-
ficult to employ for primary vertebral body tumors, as en bloc resection with nega-
tive margins is the therapeutic gold standard [31, 32] and almost uniformly requires 
extensive soft tissue dissection. MIS approaches to primary lesions of the spinal 
cord and meninges, and metastatic vertebral column lesions have been described. 
For metastatic lesions, separation surgery is the most popular strategy [127, 128]. It 
makes use of percutaneous instrumentation and a small, posterior midline approach 
to resect the epidural tumor. The remaining tumor is then irradiated to achieve maxi-
mal control. In cases where anterior column reconstruction is required, a mini-open 
approach has been described, replacing the laminectomy with a transpedicular 
approach and piecemeal corpectomy [129]. In the cervical spine, however, a poste-
rior approach may not be required, as the lower amount of prevertebral soft tissue 
means that an anterior cervical corpectomy and fusion via the Smith-Robinson 
approach is generally adequate [130]. However, for lesions of the craniocervical or 
cervicothoracic junction, a posterior approach may be necessary to access the tumor 
or to address underlying instability at these points of increased shear stress.

For primary lesions of the spinal cord and meninges, anterior approaches are 
generally contraindicated as they would require vertebral column resection to 
address the primary pathology. Posterior approaches are preferred, and minimally 
invasive approaches have been described, including endoscope-assisted, percutane-
ous resection of a cervical foraminal nerve sheath tumors, [131, 132] microscopic 
hemilaminectomy for resection of an intramedullary spinal cord tumors, [133] 
endoscope-assisted resection of intradural, intramedullary lesion, [134] and 
endoscope- assisted resection of intradural, extramedullary lesions [135, 136].

 Nonsurgical Alternatives

Although MIS techniques have expanded the proportion of patients who can safely 
undergo surgical management of their tumors, there remains a nontrivial proportion 
of patients who are too ill to undergo surgery. For these patients, alternative inter-
ventions have been developed. Cementoplasty, which can be divided into vertebro-
plasty and kyphoplasty, is a percutaneous procedure aimed at stabilizing 
tumor-affected vertebra. Though uncommonly described in the cervical spine, [137] 
cementoplasty has been widely used for thoracolumbar lesion. Biomechanical anal-
yses have shown cementoplasty significantly improves the axial loading properties 
of tumor-affected vertebrae [138]. Clinically, this likely translates to decreased rates 
of pathologic fracture. Downsides to cementoplasty are that it does not address 
neural element correction and provides minimal correction of de novo deformity 
secondary to pathologic fracture. Additionally, both vertebroplasty and kyphoplasty 
are associated with cement embolus formation and cement extravasation into the 
epidural space. Risk of cement-related embolic events may be reduced by using 
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higher viscosity cements [139]. Disruption of the posterior vertebral body cortex 
increases the risk of epidural and venous leakage [140] and has been conventionally 
held as a contraindication to cementoplasty. However, case series have been pub-
lished, demonstrating the relative safety of vertebroplasty or kyphoplasty with high 
viscosity cement in patients with pathologic fractures at high risk for cement leak-
age [141].

Cementoplasty does not address epidural disease or neural element compression. 
For this, other technologies have been described. Spinal laser interstitial thermo-
therapy (SLITT) places an ultraviolet laser probe transpedicularly into the tumor- 
affected vertebra. The laser heats the tumor up to 78 °C, causing rapid tumor cell 
death. The procedure is monitored using intraoperative magnetic resonance imag-
ing, to ensure that the epidural space stays within preestablished safe limits [142]. It 
has been reported as safe even in patients with epidural tumor compressing the 
spinal cord [142, 143] and may be used as a neoadjuvant to stereotactic radiotherapy 
for local tumor control. Radiofrequency ablation (RFA) and cryoablation serve sim-
ilar roles. Like SLITT, RFA uses a low-power (≤20 W per electrode) radiofrequency 
probe inserted transpedicularly under computed tomography or fluoroscopy guid-
ance to induce coagulative necrosis of the tumor cells [144]. The epidural tumor can 
then collapse into the necrosed vertebral body lesion, decompressing the spinal 
cord. It has been shown to have high rates of pain relief and local control in small 
series [144–146]. Experience with cryoablation is far more limited in spine metas-
tases [147]. It uses a transpedicularly inserted cryoablation probe to instill com-
pressed argon gas into the lesion. The gas chills the tumor cells to ≤−130  °C, 
inducing coagulative necrosis. This results in indirect spinal cord decompression 
through a mechanism similar to that of SLITT and RFA. Though most published 
experiences describe a short post-procedural hospitalization (1–2 days), it may be 
amenable to outpatient implementation. All three techniques have low associated 
risk of wound complications, but careful temperature monitoring of the epidural 
space is necessary to prevent spinal cord injury [148].

 Conclusion

Spinal oncology encompasses a breadth of pathologies with very different surgical 
interventions. Like degenerative disease, tumors are generally more common with 
age; lesion incidence peaks in the sixth or seventh decade of life for most lesion 
types. Cervical location is uncommon for most lesion types; however, metastatic 
and primary tumors of the cervical vertebral column, spinal cord, and meninges are 
seen at appreciable rates. In all cases, surgery is relatively morbid and care must be 
taken to ensure that the patient is healthy enough to tolerate surgery. Preoperative 
frailty scales may help to stratify patient risk and the adoption of minimally invasive 
surgical techniques and percutaneous treatments may reduce procedural morbidity. 
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Regardless of patient age though, preoperative consultation must focus on clearly 
identifying the goals of surgery and determining whether or not they align with the 
patient’s treatment goals.
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Chapter 16
Management of Spondylolisthesis 
in the Elderly Population

Mohamad Bydon, Abdul Karim Ghaith, Yagiz Ugur Yolcu, 
and Kingsley Abode-Iyamah

 Introduction

Spondylolisthesis, or the slippage of one vertebra over another, is a frequent condi-
tion encountered in the elderly population. History of this pathology dates back to the 
late eighteenth century, and the term itself was coined in 1854 by Kilian [1, 2]. 
Currently degenerative and isthmic spondylolisthesis are the two main types and have 
prevalence of 8.2% and 13.6%, respectively [3, 4]. The direction of the slippage is 
usually forward and called “anterolisthesis,” while “retrolisthesis” or backward dis-
placement of vertebrae may also be seen. Although any part of the vertebral column 
can be involved, spondylolisthesis is frequently seen in the lumbar spine with L4-L5 
and L5-S1 levels being the most common location [5, 6]. The severity of the slippage 
has an important role in the clinical decision making and most commonly evaluated 
using Meyerding grading (grade 1–5 according to the percentage of slippage) [7].

In the elderly population, 30% of the patients were reported to have Meyerding 
grade I spondylolisthesis, and 12% has shown progression [8, 9]. Similar to the 
general population, the most commonly involved level for the elderly patients was 
also reported to be L4-L5 level [9]. In contrast, spondylolisthesis in cervical spine 
is rarely reported as an individual pathology and often mentioned in studies evaluat-
ing cervical myelopathy. In a study of 79 patients (age ≥  65  years) undergoing 
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surgery for cervical spondylotic myelopathy (CSM), all patients were found to have 
a certain degree of degenerative spondylolisthesis with the slippage varying from 
~2.0 mm to 3.5 mm or more [10]. Tani et al. proposed that spondylolisthesis has a 
functional importance in patients presenting with cervical spondylotic myelopathy 
(CSM) and found a significant association between spondylolisthesis and conduc-
tion block in an electrophysiological study of 80 elderly patients undergoing sur-
gery for CSM [11]. Spondylolisthesis is rarely encountered in thoracic spine, and 
mainly case reports and small case series have been reported to this date [12–14].

 Diagnosis

Diagnosis of spondylolisthesis in elderly patients does not differ from the diagnosis 
in the general population. After a thorough history and physical examination, imag-
ing modalities generally used to obtain a final diagnosis for spondylolisthesis. 
Historically, physical examination findings, such as palpable “step-off” in the back, 
have been frequently used as an indicator [15, 16]. However, most patients predomi-
nantly present with pain and are often evaluated before having a progressive disease 
with prominent signs in physical examination.

For imaging, standing lateral X-rays are usually preferred with the addition of 
flexion-extension X-rays in certain cases to identify any instability [17]. Magnetic 
resonance imaging (MRI) is an alternative, which can provide additional informa-
tion with better visualization of the soft tissue and neural elements [18]. Due to the 
widespread availability of X-ray and higher cost of MRI, X-rays are more frequently 
utilized in the clinical practice. Moreover, MRI is thought to underestimate the 
degree of spondylolisthesis compared to X-ray as a result of the differences in posi-
tioning [19]. Recent studies have also demonstrated the discrepancies between the 
measurements from two imaging modalities with an intraclass correlation coeffi-
cient of 0.35, which is an indicator of a poor agreement [20]. Although it is not 
utilized as frequent as the X-ray, computerized tomography (CT) is also a useful 
modality in diagnosis of spondylolisthesis, especially in identifying potential pars 
interarticularis defects [21].

 Nonsurgical Treatment

 Physical Therapy

Flexion based physical therapy programs are thought to be more effective than 
extension-based programs, due to the theoretical advantage of opening the central 
canal and leading to better symptom relief. Although specific studies on elderly 
population have not been conducted, the study by Hicks et al. showed the mean age 
of the patients who failed physical therapy to be higher (46.5 years) than those who 
improved following physical therapy (38.2 years) [22].
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 Medications and Injections

Nonsteroidal anti-inflammatory drugs (NSAIDs) are utilized for the management 
of pain and were found to be effective in short-term symptomatic relief [23]. Yet, 
extra cautions should be taken with the choice of any medication in the elderly 
population and decision should be tailored according to comorbidities. Epidural 
corticosteroid injections (ESIs) constitute another option for short-term symptom-
atic relief. Kraiwattanapong et al. evaluated the short- and long-term outcomes of 
fluoroscopically guided lumbar transforaminal epidural steroid injection in a cohort 
of patients with degenerative spondylolisthesis [24]. Similar to the pain medica-
tion, ESIs were found to provide mainly pain relief and improvements in short-
term outcomes [24]. Nerve blocks or radiofrequency ablation might also be utilized 
as alternative modalities when a nonsurgical treatment is preferred. Park et  al. 
investigated the impact of radiofrequency neurotomy, nerve blocks, and instru-
mented fusion procedures on clinical outcomes in a study of 371 patients [25]. 
They found that 74% of the patients in surgery group had excellent or good out-
comes compared to 71% in radiofrequency neurotomy group and 64% in nerve 
block group [25].

 Conservative vs. Surgical Treatment

A few studies have compared the outcomes of conservative management to surgical 
management of the spondylolisthesis. Möller et al. presented a prospective random-
ized study of 111 patients with adult isthmic spondylolisthesis, comparing an exer-
cise program to posterolateral fusion with regard to their impact on pain improvement 
and the functional outcome defined by Disability Rating Index, and found that the 
patients undergoing surgical management have shown greater degree of pain relief 
and functional improvement [26]. Similarly, 4-year outcomes from Spine Patient 
Outcomes Research Trial have suggested more favorable outcomes with surgical 
management for patients with degenerative spondylolisthesis [27].

 Surgical Treatment

 Indications for Surgical Treatment

Regardless of the nonsurgical approaches in treatment, patients might need to 
undergo surgery for correction of the underlying pathology to improve symptoms or 
prevent decline in neurological function. The common indications for surgical treat-
ment are intractable back pain, failure with 3–6 months of conservative care, pro-
gressive neurological deficits such as severe radiculopathy, muscle weakness and 
loss of bowel/bladder control, sagittal imbalance, or severe interference with the 
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activities of daily living affecting the quality of life of the patient. Variety of proce-
dures ranging from simple decompression to fusion or dynamic stabilization might 
be preferred [28].

 Overview of Surgical Alternatives for Lumbar Spondylolisthesis

Decompression alone is mostly recommended in patients with significant comor-
bidities and stable spondylolisthesis [29]. Posterior decompression procedures, 
such as laminectomy or laminotomy, are usually preferred for patients undergoing 
decompression alone [30]. In certain cases, involvement of multiple segments may 
require the surgeon expanding the laminectomy. However, more extensive decom-
pression have the potential to destabilize the spinal segments, therefore necessitat-
ing a fusion procedure later [31]. Pedicle screws and rod instrumentation are 
frequently preferred options to achieve a higher rate of successful fusion with the 
process of pedicular screw insertion varying with the anatomical variations in the 
shape of the pedicles [32, 33]. Following the instrumentation, various graft materi-
als are also utilized to augment the fusion process in the operated segment [34]. 
Local bone grafts, allograft, demineralized bone matrix (DBM), and bone morpho-
genetic protein (BMP) are among the commonly utilized grafts. While autografts 
and allografts have been a part of the standard approach, adjunctive BMP use (off- 
label) has shown promising results with regard to achieving bony union, and 
although the use is off-label, its utilization is trending up [35, 36]. Recently, dynamic 
stabilization using elastic materials has also emerged as a potential alternative to 
solid fusion of the vertebral column [37, 38].

As spondylolisthesis occurs frequently in the lumbar spine, approaches directed 
to primarily correct spondylolisthesis are usually performed for the patients present-
ing with lumbar spondylolisthesis (Fig. 16.1a–c). Posterior lumbar interbody fusion 
(PLIF) is a highly utilized option with rates of successful fusion rates approaching 
98 to 100% in some series (Fig. 16.2a–c) [39, 40]. In the presence of conditions 
such as epidural fibrosis or conjoined nerve roots, alternative approaches could be 
pursued to avoid complications [41]. When an anterior approach is preferred, retro-
peritoneal approach is utilized to minimize complications, by avoiding manipula-
tion of the bowel and other intra-abdominal contents (Fig. 16.3a–c) [42]. With this 
approach, it is important to be cognizant of the surrounding anatomy and landmarks 
to avoid injury to the vascular structures (i.e., aorta, iliac vessels) or the ureter. 
[42–44] In addition, limiting electrocautery use during the incision of the anterior 
longitudinal ligament is necessary to avoid the injury to the sympathetic plexus. On 
the other hand, transforaminal lumbar interbody fusion (TLIF) is usually performed 
with the help of minimally invasive surgery (MIS) techniques and showed favorable 
outcomes for the elderly population in recent studies (Fig. 16.4a–c) [45]. Recently, 
lateral lumbar interbody fusion techniques (anterior to psoas [ATP] and transpsoas) 
have been emerged as relatively newer approaches and are currently being utilized 
in the treatment of various pathologies as well as spondylolisthesis [46].
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a b c

Fig. 16.1 A 69-year-old male patient with a past medical history of chronic back pain, presenting 
for general weakness in his limbs. Preoperative X-ray (a) shows advanced degenerative arthritis in 
the lower lumbar spine with multilevel degenerative disk disease with low-grade spondylolisthesis. 
The patient underwent posterior decompression and fusion of L3-L5. Postoperative lateral (b) and 
AP (c) X-rays show instrumentation and posterior fusion of L3-L5

a b c

Fig. 16.2 A 72-year-old male patient presenting with a 2- to 3-month history of low back pain 
radiating down to the right lower extremity. Preoperative X-rays (a) showed minimal endplate 
spurring with lower lumbar facet arthropathy and low-grade spondylolisthesis. The patient under-
went L4-L5 posterior interbody lumbar fusion with use of a PEEK cage. Postoperative X-rays 
(lateral (b) and AP (c)) showed stable appearing lumbar fusion L4-L5

 Outcomes of Surgical Treatment

Although frequently performed with the addition of fusion, a few studies reported 
the outcomes of decompression alone for treatment of spondylolisthesis in the 
elderly population. Li et  al. evaluated 18 patients (age range: 66–85  years) 

16 Management of Spondylolisthesis in the Elderly Population



276

a b c

Fig. 16.3 A 69-year-old male presenting for right low back and lower extremity pain. Preoperative 
X-rays (a) showed degenerative disk disease at all of the lumbar interspaces with associated hyper-
trophic changes and facet arthropathy and low-grade retrolisthesis. Postoperative X-rays (lateral 
(b) and AP (c)) following ALIF showed stable L5-S1 fusion with reduction of the slippage

a b c

Fig. 16.4 A 71-year-old female patient presenting with pseudoclaudication and left leg pain. 
Preoperative X-ray (a) showed spondylolysis at L4 with grade II spondylolisthesis L4 on L5. 
Following MI-TLIF, postoperative X-rays (AP (b) and lateral (c)) showing L4-L5 fusion with 
posterior instrumentation and reduction of the slippage

undergoing percutaneous transforaminal endoscopic decompression (PTED) and 
found statistically significant improvements in ODI and VAS scores for back and 
leg pain at 1-month follow-up, which persisted at all subsequent follow-up points 
[46]. In addition, 83.3% of patients had good and excellent outcome according to 
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modified MacNab criteria at the last follow-up [47]. Similarly, a recent study of 40 
patients aged 60 years or older undergoing PTED showed improvements in VAS leg 
pain (from 7.5  ±  1.1 to 2.2  ±  1.1) and ODI (from 67.3  ±  9.3 to 20.7  ±  8.1) at 
12-month follow-up [48].

Among studies evaluating the outcomes of fusion, Wu et al. evaluated the out-
comes and value of the combined use of micro endoscopic discectomy (MED) and 
minimally invasive transforaminal lumbar interbody fusion (MI-TLIF) for the treat-
ment of multilevel degenerative lumbar spinal stenosis with spondylolisthesis with 
a comparison to PLIF procedures [49]. The mean age of the study population was 
63.4 years with the youngest patient being 53 years old. Authors concluded that the 
used combination of MED and MI-TLIF has the advantages of reduced blood loss, 
less damage to the paraspinal soft tissue, shorter length of incision, shorter bed rest 
time, improved outcomes, and shorter recovery times with similar short-term clini-
cal outcomes to traditional PLIF [49].

A more recent study with a similar age range reported the clinical and radio-
graphic outcomes of transpsoas lumbar interbody fusion for18 consecutive patients 
with grade I or II spondylolisthesis and neurogenic claudication [50]. None of the 
patients needed an additional decompression, and patients did not report any sen-
sory loss or motor deficit. With regard to patient-reported outcomes (PROs) at 
6-month follow-up, Oswestry Disability Index (ODI) improved by 26 points, and 
SF-12 mean physical and mental component scores improved by 11.9% and 9.6%, 
respectively [50].

With regard to individual fusion procedures, Takahashi et al. presented a study of 
35 patients who are 70 years old or older undergoing one- or two-level TLIF for 
degenerative spondylolisthesis, evaluating the improvements in JOA, VAS, and ODI 
in 6-month, 12-month, 24-month, and further follow-ups [51]. Significant improve-
ments were identified for each outcome at each follow-up point; however, when 
compared to a younger cohort of patients undergoing same surgery for the same 
diagnosis, it was found that improvements in mentioned outcomes are significantly 
better for younger patients [51].

A thorough analysis of different age groups among elderly population was 
conducted using the Quality Outcomes Database (QOD) lumbar spondylolisthe-
sis registry [52]. Patients undergoing surgery for grade I spondylolisthesis were 
divided into four age groups as less than 60 (n = 239), 60 to 70 (n = 209), 71 to 
80 (n = 128), and more than 80 (n = 32) years. With regard to outcomes, esti-
mated blood loss, operative time, and discharge disposition were found to be 
different between four groups (p = 0.002, 0.0001 and 0.002, respectively). The 
length of hospital stay as well as readmission and reoperation rates were similar 
between the groups [52]. Among statistically significant outcomes, patients older 
than the age of 80 years had the lowest estimated blood loss (mean: 110 mL) and 
operative time (mean: 135  min). In contrast, patients older than the age of 
80 years had the highest rate of nonroutine discharge (acute care facility in the 
context of the study) [52].
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 Complications

Great vessel injury can be one of the rare and devastating complications of the surgi-
cal treatment modalities, and the early recognition of the injury is essential, espe-
cially in the elderly population. The injury may present as uncontrolled hemorrhage 
in an acute setting and can be fatal. It can also be encountered as a late complication 
with arteriovenous fistula or pseudoaneurysm formation [53]. Durotomy is another 
complication encountered during surgical treatment of spondylolisthesis and might 
occur during the various stages of procedures, such as discectomy or laminectomy 
and medial facetectomy [54]. In addition, the excessive intraoperative retraction of 
the nerve roots in any surgical intervention may lead to neurologic injury [55].

The literature on complication rates following the surgical treatment of spondy-
lolisthesis in elderly patients have shown contradicting findings. Some studies sug-
gested that the advanced age was not associated with higher rates of complications 
when compared to younger patients after adjusting for type and grade of spondylo-
listhesis, while other studies showed an increase in the complication rate following 
posterior lumbar surgery in the elderly population [56–58].

Lieber et  al. evaluated the postoperative complications following single-level 
lumbar fusion for degenerative spondylolisthesis among 224 patients, who are older 
than 80  years, and compared the complication rates to a younger (45–65  years) 
cohort of patients [58]. After adjusting for comorbidities, elderly patients were 
found to have significantly higher rates of complications only with regard to urinary 
tract infection (OR: 3.298, p = 0.008) and intraoperative/postoperative transfusions 
(OR: 2.186, p < 0.001), while the rates were similar for two groups with regard to 
the remaining list of medical and surgical complications [59]. In contrast, a recent 
study comparing complication rates following minimally invasive TLIF between 
elderly patients (mean age:75  years) and their younger counterparts (mean 
age:59 years) found similar rates for the two groups [60].

 Conclusion

The management of spondylolisthesis in elderly population might be more chal-
lenging mainly due to increased comorbidities. Conservative and surgical approaches 
for the general population have also been adopted for the elderly patients and mainly 
resulted in improvements in short-term and long-term outcomes, respectively. 
However, there is controversy on whether the complication rates following surgical 
treatment are higher for the elderly patients, due to the conflicting results reported 
in the literature.
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Chapter 17
Sagittal Plane Deformity Considerations 
in the Elderly

Michael J. Strong, Timothy J. Yee, Robert Y. North, and Paul Park

Adult spinal deformity (ASD) is a heterogeneous disorder affecting the entire mus-
culoskeletal system of the spine, predominately in the lumbar and/or thoracolumbar 
region [1–3]. Multiple etiologies have been identified for ASD, including de novo 
degenerative, iatrogenic “flatback” post fusion surgery, and progressive degenera-
tion after spinal surgery. In general, ASD is considered a spectrum disorder that is 
usually multifactorial [1, 2, 4]. It is estimated that roughly a quarter of the US popu-
lation will be over the age of 65 years by 2060 [5]. Since ASD is prevalent in indi-
viduals aged 60  years and older, ranging from 32% to 68% [6], the number of 
patients requiring surgical treatment will continue to grow.

 Pathophysiology

The spine is designed to achieve an efficient, upright posture through its unique 
curvature. In particular, lumbar lordosis is vital to bipedalism, preserving the center 
of gravity over a narrow area over the feet [7]. The pelvis transfers weight from the 
spine and trunk to the lower limbs through the hips. Through this interplay, the pel-
vis is a key structure in spine stability as well as maintaining alignment and has been 
referred to as the pelvic vertebra [8, 9].

Sagittal malalignment can result in pain and disability. This occurs because with 
positive sagittal imbalance, natural compensatory mechanisms are triggered [10]. 
These include hyperlordosis of the cervical spine, reduction of thoracic kyphosis, 
lumbar retrolisthesis, hyperextension of the lumbar segments, pelvic retroversion, 
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hip extension, knee flexion, and ankle extension [7, 11–14]. These compensatory 
maneuvers can require tremendous energy expenditure with resultant pain and dis-
ability leading to deterioration of quality of life.

 Radiographic Parameters

Evaluating patients with ASD requires a careful assessment of the entire spine. 
Traditionally, spinal alignment has been measured through standing anteroposterior 
and lateral scoliosis (36-inch) radiographs. More recently, EOS imaging (EOS, 
Paris, France) is an alternative modality that allows whole-body skeletal imaging 
with low-radiation dosage. Based on these imaging studies, a variety of radiographic 
parameters are recorded to analyze regional as well as global spinal balance. The 
primary focus of this chapter will be on sagittal spinopelvic alignment (Fig. 17.1).

 Pelvic Parameters

Three parameters are utilized to assess the pelvis, including pelvic incidence (PI), 
pelvic tilt (PT), and sacral slope (SS) (Fig. 17.1). These variables are related accord-
ing to the equation PI = PT + SS.

 Pelvic Incidence

Pelvic incidence is the angle between a line drawn from the midpoint of the bi- 
femoral heads to the midpoint of the sacral endplate and a line drawn perpendicular 
to the mid-S1 endplate. Since the sacroiliac joint has limited mobility and pelvic 
morphology is variable, PI is unique to each individual. Furthermore, the PI is typi-
cally fixed after adolescence. It has been reported that the mean for asymptomatic 
adults aged 20–70 years was 54.7° with a range of 33° to 82° [15].

 Pelvic Tilt

Pelvic tilt is the angle between a line drawn from the midpoint of the sacral endplate 
to the midpoint of the femoral heads and a vertical line drawn through the bi- femoral 
heads. PT is a measure of pelvic rotation around the femoral heads and is therefore 
not fixed. If the pelvis is retroverted, PT increases, and if the pelvis is anteverted, PT 
decreases. In addition, if the sacral endplate is positioned behind the femoral heads, 
PT is positive, and if it is in front of the femoral heads, PT is negative. The mean 
value for asymptomatic adults aged 20–70 years has been reported to be 13.2° with 
a range of −4.5° to 27° [15].
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Fig. 17.1 Schematic of spinopelvic radiographic parameters. (a) Sagittal vertical axis (SVA) is 
measured as the horizontal distance from the superior posterior point of the S1 endplate to the C7 
centroid vertical plumb line. Thoracic kyphosis (TK) and lumbar lordosis (LL) are measured typi-
cally using the Cobb method. TK is the angle between either the upper endplate of T1, T4, or T5 
and the lower endplate of T12. LL is the angle between the upper endplate of L1 and the upper 
endplate of S1. (b) The T1 pelvic angle (TPA) is measured as the angle between a line drawn from 
the center of the T1 vertebral body to the midpoint of the femoral heads and a line drawn from this 
point to the midpoint of the sacral endplate. (c) Pelvic parameters include pelvic incidence (PI), 
pelvic tilt (PT), and sacral slope (SS), which are related as follows: PI = PT + SS. Pelvic incidence 
is the angle between a line drawn from the midpoint of the bi-femoral heads to the midpoint of the 
sacral endplate and a line drawn perpendicular to the mid-S1 endplate. Pelvic tilt is the angle 
between a line drawn from the midpoint of the sacral endplate to the midpoint of the femoral heads 
and a vertical line drawn through the bi-femoral heads. Sacral slope is the angle between a line 
drawn tangent to the upper sacral endplate and the horizontal. (d) The full balance integrated (FBI) 
method is based on the sum of three measured angles, represented as C7TA + FOA + PTCA. The 
first angle, C7-translation angle (C7TA), is the angle between the midpoint of the C7 inferior end-
plate and a line projected from the C7 plumb line to the S1 plateau with the L4 vertebra as a refer-
ence point. The second angle, angle of femur obliquity (FOA), is the angle of the femoral axis 
relative to vertical. The last angle, angle of tilt compensation (PTCA), takes into account pelvic tilt. 
If PT is less than 25°, add 5° to the equation, and if greater than 25°, add 10°

 Sacral Slope

Sacral slope is the angle between a line drawn tangent to the upper sacral endplate 
and the horizontal. A vertical oriented pelvis has a low SS, while a pelvis in a more 
horizontal orientation has a higher SS. The mean value for asymptomatic adults 
aged 20–70 years has been reported to be 41.2° with range of 17° to 63° [15].

These pelvic parameters are related geometrically through the equation, 
PI = PT + SS. Patients with a low PI will typically have small pelvic diameters with 
a vertical orientation. In this configuration, both the SS and PT will be low, given 
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the limited ability of the pelvis to tilt due to the positioning of the sacral plate 
directly over the femoral head axis. On the other hand, patients with a high PI typi-
cally have large pelvic diameters in a more horizontal orientation. The femoral head 
axis is oriented anterior to the sacral plate in this configuration, leading to a higher 
SS and PT. The ability to retrovert the pelvis will be higher in these patients with 
high PI.

 Regional Spine Alignment

Thoracic kyphosis and lumbar lordosis (LL) are typically calculated using the Cobb 
method [16] (Fig. 17.1). The Cobb method measures the angle between the two-end 
vertebra of a regional spine curve. The thoracic kyphosis angle is measured as the 
angle between the T1 upper endplate and the T12 lower endplate. However, often-
times, due to the difficulty visualizing the upper thoracic spine on lateral X-rays, an 
acceptable measurement for thoracic kyphosis is from T4 or T5 to the T12 lower 
endplate or even T4 to T9 [17–21]. LL is the angle between the upper endplate of 
L1 and the upper endplate of S1.

 Relationship of Lumbar Lordosis to Pelvic Incidence

Lumbar lordosis tends to be matched closely to PI in asymptomatic individuals who 
are able to maintain an economic upright posture. This relationship between PI and 
LL is the rationale for calculating the difference in these two variables (PI-LL) to 
help guide deformity corrective surgery and has been extensively studied [7, 22]. 
This parameter, PI-LL, measures the mismatch between the pelvis and the lumbar 
lordosis. Early studies suggested that a mismatch of less than 10° was as an ideal 
sagittal alignment goal [22]. More recent studies have shown that certain factors 
such as increasing age can impact the target PI-LL mismatch goals [13, 23, 24].

 Roussouly Spine Types

Recently, the classically accepted definition that the thoracic spine is kyphotic and 
the lumbar spine is lordotic has been questioned. Roussouly et al. have proposed 
that there are four spine types with varying inflection points, which is where the 
transition from lordosis to kyphosis occurs [25]. This inflection point is related to 
PI, where higher PIs result in the inflection point moving more superiorly even into 
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the thoracic spine. Therefore, in patients with high PI, the lordotic region would 
encompass the lower thoracic spine [14]. In other words, the inflection point for 
lumbar lordosis is not always located at T12-L1. Roussouly et al. have also pro-
posed dividing the lumbar curve into upper and lower curvatures. It has been shown 
that the lower curve from L4-S1 is more clinically relevant, as the majority of the 
lumbar lordosis is achieved at this location [25]. Therefore, appropriate treatment of 
this lower curve is often essential in restoring sagittal balance.

 Global Spinal Alignment

A variety of parameters have been used to assess global spinal alignment, the most 
popular being the measurement of the C7-S1 sagittal vertical axis (SVA) (Fig. 17.1). 
Alternative radiographic parameters for global alignment include the T1 pelvic 
angle and the full balance integrated (FBI) method, among others (Fig. 17.1).

SVA is measured as the horizontal distance from the superior posterior point of 
the S1 endplate to the C7 centroid vertical plumb line. By convention, a C7 plumb 
line anterior to the posterosuperior margin of the S1 endplate results in a positive 
SVA.  Historically, a value greater than 5  cm was considered abnormal [26, 27]. 
While SVA is used ubiquitously, one vital caveat to consider is that SVA is dynamic 
and can be affected by patient posture and pelvic version. SVA is not representative 
of the center of gravity and may not provide a comprehensive measure of a patient’s 
balance as it does not take into account pelvic compensation [28]. In response to 
these concerns raised about the SVA, the T1 pelvic angle was developed [29].

The T1 pelvic angle (TPA) is measured as the angle between a line drawn from 
the center of the T1 vertebral body to the midpoint of the femoral heads and a line 
drawn from this point to the midpoint of the sacral endplate. In contrast to SVA, the 
TPA takes into account pelvic version [29, 30]. Both SVA and TPA are also referred 
to as truncal inclination. A major advantage of the T1 pelvic angle over the SVA is 
that the former is less affected by postural compensation [29].

The full balance integrated (FBI) method has been suggested to be a more com-
prehensive approach toward assessing spinal alignment. FBI is based on the sum of 
three measured angles, which provides the value of sagittal angle correction needed 
to restore optimal balance to the patient [31]. The first angle, C7-translation angle 
(C7TA), is the angle between the midpoint of the C7 inferior endplate and a line 
projected from the C7 plumb line to the S1 plateau with the L4 vertebra as a refer-
ence point. The second angle, angle of femur obliquity (FOA), is the angle of the 
femoral axis relative to vertical. The last angle, angle of tilt compensation (PTCA), 
takes into account pelvic tilt. If PT is less than 25°, add 5° to the equation, and if 
greater than 25°, add 10°. Therefore, the equation is as follows: FBI angle of correc-
tion = C7TA + FOA + PTCA [31].
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 Radiographic Parameters and Patient-Reported Outcomes

Numerous studies have highlighted the correlation between spinopelvic alignment 
and clinical outcomes [27, 32–36]. In 2002, Schwab et al. analyzed radiographic 
parameters in a small cohort of patients with scoliosis and determined that upper 
endplate obliquities of L3 and L4, lateral spondylolisthesis, lumbar lordosis, and 
thoracolumbar kyphosis were significantly correlated with patient-reported pain 
scores [33]. Subsequent investigations identified SVA, PT, and PI-LL as key spino-
pelvic parameters, as they appeared to be associated most strongly with disability. 
In one large study of ASD, SVA ≥ 47 mm, PT ≥ 22°, and PI-LL ≥ 11° significantly 
correlated with severe disability as defined as Oswestry Disability Index (ODI) 
more than 40 [36]. In another multicenter prospective comparative study, surgical 
correction of spinopelvic malalignment resulted in significantly better health-related 
quality of life (HRQoL) scores than nonoperative treatment, despite having worse 
sagittal deformity and HRQoL scores in the surgery group at baseline [37].

Given the importance of specific radiographic parameters, Schwab et al. initially 
introduced a simple classification system, which included curve type, lordosis mod-
ifier, and subluxation modifier [38]. This classification system, while reliable and 
predictive of HRQoL scores, did not incorporate pelvic parameters. Therefore, in 
2012, the Schwab classification system was revised to the Scoliosis Research 
Society (SRS)-Schwab classification and included curve type, PI-LL modifier, 
global alignment modifier, and pelvic tilt modifier [39]. While reliable in guiding 
surgical planning and correlative with HRQoL scores [40], the use of the sagittal 
modifiers can be cumbersome. Kieser et al. have proposed using a single sagittal 
modifier to simplify the model [41]. Although the authors demonstrate this simpli-
fied SRS-Schwab classification model correlates with both HRQoL scores and sur-
gical indication, further validation studies are warranted before this modified 
classification system is accepted into clinical practice.

 Age-Adjusted Radiographic Parameters

Age-related changes to spinal alignment have been well described and include loss 
of lumbar lordosis and progressive thoracic kyphosis [42, 43]. Not surprisingly, a 
progressively forward stooping posture with increasing SVA has been correlated 
with age [44–46]. The increased SVA is multifactorial, likely due to the loss of lum-
bar lordosis, which pushes the C7 plumb line further anteriorly.

Given the expected alignment changes with aging, recent studies have ques-
tioned whether less stringent spinopelvic parameters are needed in the elderly 
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Table 17.1 Spinopelvic radiographic parameters by age group

PT (°) PI-LL (°) SVA (mm)

Ideal <20 10 < 50
<35 years 11.1 −11.3 −29.1
35–44 years 15.5 −6.2 −4.0
45–54 years 18.9 −1.7 16.5
55–64 years 22.1 3.3 37.0
65–74 years 25.2 7.5 55.6
≥74 years 28.8 13.7 79.9

Data adapted from Schwab et al. [22], Lafage et al. [23], and Ames et al. [50]
PT pelvic tilt, PI-LL difference between pelvic incidence and lumbar lordosis, SVA sagittal ver-
tical axis

population to achieve symptomatic improvement [23]. In one investigation, new 
radiographic thresholds were determined based on age-specific ODI US norms, 
extrapolated from US norms SF-36 Physical Component Score [23]. These spi-
nopelvic parameters approximated the optimal thresholds according to age group 
and demonstrated these values increased with age, ranging from SVA of 
−29.1 mm, PT of 11.1°, and PI-LL of −11.3° in patients under 35 years of age to 
SVA of 79.9 mm, PT of 28.8°, and PI-LL of 13.7° in patients 74 years or older 
[23] (Table 17.1).

Other investigations have also shown that obtaining optimal spinopelvic 
parameters is not essential to achieving symptomatic improvement in the elderly. 
In one such study of older patients with deformity undergoing surgery, there 
were no significant differences in visual analog scale back and leg pain scores or 
ODI scores between patients classified as aligned versus malaligned postopera-
tively [24]. This was present despite the significant differences in postoperative 
spinopelvic parameters, including SVA (13.9 mm vs. 64.8 mm), PT (21.1° vs. 
29°), and PI-LL (2.8° vs. 19.6°) for the aligned and malaligned groups, respec-
tively [24].

Although increasing age and its associated physiologic changes likely alter the 
optimal radiographic alignment target, other factors may explain the lack of clinical 
difference in malaligned older patients versus younger patients. Specifically, other 
studies investigating the impact of age on clinical and radiographic outcomes fol-
lowing lumbar spinal fusion have demonstrated similar observations [47–49]. 
Differences in patient expectation have been suggested to explain the lack of differ-
ences in clinical outcomes. Younger patients typically have a higher baseline activ-
ity level and more to lose if they do not regain their normal function compared to 
elderly patients. Therefore, expectations for improvement following surgery may be 
lower in elderly patients [47].

17 Sagittal Plane Deformity Considerations in the Elderly
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 Surgical Correction of Adult Spinal Deformity in the Elderly

In evaluating elderly deformity patients for corrective surgery, it is important to 
assess the presenting spinopelvic alignment as well as compensatory mecha-
nisms in order to determine the appropriate amount of surgical correction needed 
to restore optimal spinal balance [37, 42]. Historically, the alignment goals in the 
elderly were based on ideal spinopelvic radiographic parameters, which include 
SVA less than 50 mm, PT less than 20°, and PI-LL within 10° [22, 50]. Notably, 
early on, some even advocated overcorrection of ASD patients to mitigate the 
loss of alignment correction in the elderly due to the progressive degenerative 
changes [51, 52]. More recently, it has been postulated that loss of some degree 
of sagittal balance with aging is physiologic, and so modification of the “ideal” 
radiographic parameters is needed. Thus, elderly patients may not have to be 
held to the same rigorous alignment parameters as younger patients. In addition, 
the concept of sagittal balance is a dynamic phenomenon with multiple influ-
ences, such as neuro-sensorial modulation, soft tissue response to gravity, and 
bony alignment [23]. Surgical correction can only directly address bony align-
ment. As such, it may be better to strive for good sagittal balance, even if there is 
compensation [11].

Although radiographic alignment is an important treatment goal, other impor-
tant factors should be considered when developing a surgical treatment. An indi-
vidualized patient-specific surgical approach is most appropriate, taking into 
account not just the radiographic alignment but also comorbidities (e.g., osteopo-
rosis), advanced imaging (e.g., MRI findings), and presenting symptoms. 
Deformity surgery in general carries high risk and this risk is elevated in the 
elderly. For example, Smith et al. conducted a study investigating the complica-
tion rate in a cohort of ASD patients with a mean age of 60.7 years who under-
went three-column osteotomy for deformity correction. Seventy-eight percent of 
patients experienced at least one complication from the time of surgery through 
their 2-year follow-up visit [53]. In addition, the elderly population has a higher 
prevalence of chronic comorbidities that need to be taken into account when 
considering surgical intervention [47].

Surgical treatment of ASD in the elderly can encompass multiple techniques. 
Figures 17.2, 17.3, 17.4, and 17.5 present four cases that each highlight important 
aspects in deformity correction in the elderly. Figure 17.2 illustrates a hybrid cir-
cumferential approach for deformity correction with the use of multilevel interbody 
fusion. Figure 17.3 highlights the use of cement augmentation to mitigate instru-
mentation failure in cases of poor bone quality. Figure 17.4 shows an example of 
three-column osteotomy in a patient with a fixed defect. Finally, Fig. 17.5 details an 
example of radiculopathy due to the fractional curve.
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Fig. 17.2 A 63-year-old woman with back and leg pain and adult spinal deformity (SVA = 28 mm, 
PT = 22°, PI-LL = 36°) (a and b) underwent L2-L3 and L3-L4 lateral lumbar interbody fusion, 
L5-S1 oblique lumbar interbody fusion, L4-L5 transforaminal lumbar interbody fusion, and T10- 
ilium fusion. Postoperative imaging demonstrated marked improvement in sagittal alignment 
(SVA = 0 mm, PT = 14.3°, and PI-LL = 7.9°) (c and d). This case highlights a hybrid approach, 
using a primarily lateral approach for interbody fusion followed by second-stage posterior surgery 
to obtain correction

a b c d

Fig. 17.3 A 71-year-old woman with history of osteoporosis s/p L2 kyphoplasty presented with 
severe back and leg pain and inability to ambulate (SVA = 96 mm, PT = 26.8°, and PI-LL = 38.2°) 
(a and b). She underwent T12 vertebroplasty, L2–L4 laminectomies and facet osteotomies, and 
L1-ilium fusion with cement-augmented screws. Postoperative imaging demonstrated improved 
sagittal parameters (SVA = 35 mm, PT = 17.5°, and PI-LL = 21.1°) (c and d). This case highlights 
the use of cement augmentation to prevent instrumentation failure as it facilitates with screw 
purchase
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a b c d

Fig. 17.4 A 68-year-old man with history of right SI fusion, L3-S1 fusion, L1-L3 fusion, and T11 
and T12 vertebroplasty presented with disabling back and right leg pain (SVA  =  162  mm, 
PT = 25.0°, and PI-LL = 43.4°) (a and b). He underwent T10-T12 laminectomies, L3 PSO, and 
T9-ilium fusion with cement-augmented screws. Postoperative imaging demonstrated marked 
improvement in sagittal alignment (SVA = 54 mm, PT = 18.4°, and PI-LL = 12.6°) (c and d). This 
case highlights the need for three-column osteotomy for a fixed defect

a b c d

Fig. 17.5 A 69-year-old woman with history of chronic low back pain presented with recent onset 
of left leg pain and was found to have a fractional curve causing nerve root entrapment (a and b). 
The patient underwent left L5-S1 minimally invasive transforaminal lumbar interbody fusion. 
Postoperative imaging demonstrates appropriate implant and screw placement (c and d). This case 
shows that a deformity correction is not always required. Treating the symptom can result in a 
smaller operation with good outcomes

M. J. Strong et al.
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 Conclusion

Special consideration is needed for elderly patients with ASD. The prevalence of 
ASD will only increase, and a better understanding of the pathophysiology and 
biomechanics of this progressive disease is warranted. Key spinopelvic radiographic 
parameters, including the SVA, TPA, PT, and PI-LL mismatch, are used to assess 
the degree of malalignment. Recently, there has been an emphasis on age-adjusted 
radiographic alignment targets. In addition, factors beyond radiographic alignment 
need to be considered, including comorbidities, presenting symptoms, and degree 
of neurologic compression. Balancing benefit versus risk may result in consider-
ation of a compensated sagittal balance rather than an optimal sagittal balance in 
these patients.
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Chapter 18
Revision Surgery in the Elderly

Barry Cheaney II and Khoi D. Than

 Introduction

There has been a dramatic increase in spinal surgery rates over the past few decades, 
and with improving health care and life expectancy, there is a rising need for spine 
care in the elderly population [1–3]. With this, revision spine surgery rates are 
expected to rise. The elderly patient is unique in that they often have several major 
comorbidities in addition to the natural aging process of the body. Several changes 
to the bone and intervertebral discs occur with aging, leading to altered mechanics 
and damage accumulation [4]. Changes in alignment (loss of lumbar lordosis, 
increase in thoracic kyphosis, and scoliosis) and bone mineral density of the verte-
brae can lead to a stiffer and weaker spine [4]. A loss of disc height naturally occurs 
with aging and places nonphysiological loads on adjacent segments and facet joints 
[5]. These factors predispose the elderly population to several degenerative condi-
tions of the thoracolumbar spine and contribute to the challenges faced during revi-
sion surgery.

Revision spine surgery requires a thorough evaluation of the patient’s symptom-
atic and surgical history, and special considerations must be taken with elderly 
patients that the operating surgeon must address. These special considerations go 
beyond the chief complaint and include proper management of comorbidities, 
knowledge of how those comorbidities may affect intraoperative decisions, surgical 
clearance from multidisciplinary teams, as well as remaining up to date on current 
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literature. Ultimately, the surgeon must weigh the pros and cons with the patient to 
determine the most appropriate next steps [3].

In this review, we discuss the preoperative and surgical considerations that must 
be addressed in order to optimize outcomes when revision spine surgery is neces-
sary in the elderly population.

 Preoperative Evaluation

Recurrent symptoms after spinal surgery can result from a myriad of etiologies, 
including infection, pseudarthrosis, adjacent segment disease, fracture, painful 
instrumentation, recurrent or residual stenosis, and spinal deformity [1, 6]. When 
assessing these patients, it is important to have a systematic approach that includes 
a full history and physical examination. The surgeon should gather any available 
investigations, imaging, and surgical reports from any previous surgery. A thorough 
neurological exam should include inspection of prior incisions and healing status, 
motor and sensory exams, reflexes, and assessing the patient’s posture and gait. 
Additionally, appropriate laboratory studies and imaging should be ordered. 
Obtaining accurate knowledge of the location, timing, inciting events of symptoms, 
and prior surgical details is essential in teasing out the underlying etiology and plan-
ning for future interventions [1, 2].

Radiographic assessment can aid in correlating neurological examination find-
ings and identifying abnormalities. Plain standing and dynamic radiographs, includ-
ing flexion and extension, are obtained to assess for spinal misalignment and 
instability. Overall spinal balance can be appraised with 36-in. radiographs. To 
evaluate for more minute pathology, cross-sectional imaging via computed- 
tomography (CT) or magnetic resonance imaging (MRI) with and/or without con-
trast enhancement is helpful. CT without contrast is useful for evaluating the 
integrity of the existing instrumentation or any evidence of pseudarthrosis or the 
presence of fractures. In addition, post-myelographic CT can be used to assess for 
ongoing neural compression in situations, where there is too much instrumentation 
artifact on MRI [1]. Electromyography/nerve conduction velocity studies may serve 
as additional diagnostic tools for confirmation of neurologic deficits [1].

Comorbidities should be appropriately managed prior to revision surgery, as they 
contribute to significant perioperative complications [7]. Worley et al. [8] performed 
a nationwide study to identify adult spinal deformity surgical risk factors for mor-
bidity and mortality. Of 11,982 discharges, morbidity (excluding device-related) 
and mortality were 50.81 and 0.28%, respectively. Certain comorbidities were asso-
ciated with increased morbidity and mortality: congestive heart failure (CHF), 
coagulopathy, electrolyte imbalance, pulmonary circulation disorders, renal failure, 
and pathologic weight loss. Chronic pulmonary disease was associated with higher 
morbidity; liver disease was linked to increased mortality. Fusions greater or equal 
to 9 levels had increased morbidity vs. 4–8 level fusions and revisions. Age greater 
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than 65 was associated with increased morbidity and mortality compared to the 
25–64 group. Females had increased morbidity and decreased mortality.

Diabetes mellitus (DM) has been shown to be associated with an increase in 
multiple postoperative complications and poor outcomes following spine surgery 
[9–13]. Diabetes mellitus is increasing in the elderly population (more than 25% of 
US residents over the age of 65 are affected by the disease), [14] and an estimated 
5–20% of elderly patients pursuing treatment for spine disorders are affected by DM 
[15, 16]. Ensuring optimal glycemic control (measured via hemoglobin A1c, where 
the goal value prior to pursuing surgery should be less than 7.5) is essential for 
reducing perioperative complications during revision spine surgery [9, 11, 12, 14].

In addition to the aforementioned comorbidities, poor bone mineral density 
(osteopenia and osteoporosis) plays an important role in the outcomes of spine sur-
gery, especially in the elderly population [3, 6, 17]. Osteoporosis is a systemic dis-
ease known to affect the elderly population, and the degree of osteoporosis should 
be determined before revision spine surgery [7]. Osteoporosis can be measured 
using dual-energy X-ray absorptiometry (DEXA) scans and/or Hounsfield units on 
CT [6, 18, 19]. Once a patient is diagnosed with low bone density, treatment with 
osteoporosis medications before and after revision surgery should be considered. 
Fischer et al. [18] conducted a systematic review of treatment strategies for degen-
erative lumbar spine fusion surgery in patients with osteoporosis. The authors high-
lighted several studies with contradicting evidence for the use of alendronate and 
zoledronic acid; however, two prospective studies reported promising results using 
teriparatide for perioperative treatment of osteoporosis. Ohtori and colleagues [20] 
examined the efficacy of teriparatide for bone union after decompression and 1- or 
2-level instrumented lumbar posterolateral fusion with local bone graft in women 
with postmenopausal osteoporosis. The rate of bone union was 82% in the teripara-
tide group and 68% in the bisphosphonate group (control).

In a separate study, [21] the efficacy of teriparatide treatment to reduce pedicle 
screw loosening after decompression and 1- or 2-level instrumented lumbar pos-
terolateral fusion in postmenopausal women with osteoporosis was evaluated. At 
12-month follow-up, the incidence of pedicle screw loosening was 7% (evaluation 
by radiographic imaging) to 13% (CT assessment) in the teriparatide group, 13% to 
26% in the risedronate group, and 15% to 25% in the control group (no osteoporosis 
treatment). The incidence of pedicle screw loosening in the teriparatide group was 
significantly lower than that in the risedronate or the control groups (P < 0.05). In 
contrast, the extent of pedicle screw loosening in the risedronate group was not 
significantly different from that in the control group (P > 0.05). These findings sup-
port the administration of teriparatide during the perioperative period for elderly 
patients with bone mineral diseases.

Lastly, laboratory studies are appropriate prior to any spine surgery. If infection 
is suspected, a complete blood count with differential, erythrocyte sedimentation 
rate, and C-reactive protein can provide additional information. The complete lym-
phocyte count, total serum protein, and albumin levels are labs that aid in the assess-
ment of the nutritional status of the patient prior to surgery to optimize the wound 
healing process [1].
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 Surgical Revision Considerations

The changes to the aged spine predispose the elderly population to postoperative 
complications. In addition to medical optimization of this patient population, modi-
fied surgical techniques may decrease the occurrence of these complications [7, 22, 
23]. The following sections include common complications of spine surgery in the 
elderly and options for when revision surgery is necessary.

 Infection

Surgical site infection is an important complication after spine surgery (Fig. 18.1) 
[24, 25]. Compared to younger populations, elderly patients are more vulnerable to 
adverse health and functional effects of postoperative infections [26]. McGarry 
et  al. [27] reported that surgical site infections was associated with greater than 
fivefold mortality rate and twofold prolonged duration of hospitalization in elderly 
patients than that of younger patients. Indications for surgery in patients with sus-
pected or confirmed infection include progression of infection despite antibiotic 
therapy, epidural abscesses causing pain and/or neurologic symptoms, and progres-
sive collapse of the vertebral bodies or disks, leading to spinal deformity [1]. 
Treatment usually involves the surgical debridement of infected and necrotic tissues 
and intravenous antibiotic therapy for 4 to 9 weeks [28]. For patients with instru-
mentation, removal of implants and direct or staged reimplantation should be con-
sidered, especially in cases with high risk of treatment failure [25]. Titanium 
instrumentation is a good option as titanium exhibits less bacterial glycocalyx 
adherence than stainless steel [29].

Fig. 18.1 Wound dehiscence and infection in an 80-year-old woman who underwent extension of 
thoracolumbar fusion to C2. The wound was repaired with rotational flap coverage by plas-
tic surgery
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 Proximal Junctional Kyphosis

Proximal junctional kyphosis (PJK) is defined as a proximal junctional angle (PJA) 
greater than 10 degrees postoperatively, and at least 10 degrees greater than the cor-
responding preoperative measurement, with bony compromise or instrumentation 
failure at the upper instrumented vertebrae (UIV) or adjacent rostral vertebrae (UIV 
+1). When PJK results in fractures and/or symptoms requiring reoperation, proxi-
mal junctional failure (PJF) is diagnosed (Fig. 18.2) [30]. This junctional disorder 
can lead to cord compression, which may warrant emergent surgery [31]. The inci-
dence of PJK has been reported in up to 40% following adult spinal deformity cor-
rection and long-instrumented fusion, [23, 32, 33] and complications due to PJK or 
additional remote level vertebral fracture following adult spinal deformity surgery 
is a major concern for elderly patients with low bone mineral density [34]. A num-
ber of groups have studied the protective and risks factors of developing PJK, and 
due to controversial data, Liu et  al. [33] conducted a meta-analysis. The pooled 
results suggested that age >55 years old, fusion to the sacrum, preoperative thoracic 
kyphosis angle (T5–T12) >40°, low bone mineral density, and preoperative SVA 
>5 cm are risk factors for PJK. Preventative techniques to consider during the index 
operation and during revision surgery when extension of fusion is necessary include 
the use of laminar hooks, [22, 23] ligament reinforcement, and vertebroplasty/
kyphoplasty at the UIV and UIV + 1 [23]. Ghobrial et al. [32] studied the incidence 
of PJK/PJF in patients treated with prophylactic polymethylmethacrylate (PMMA) 
cement augmentation at the UIV and UIV + 1 versus a control group (no vertebro-
plasty). The incidence of PJK was 36% in the control group and 23.7% in the verte-
broplasty group (p  =  0.020, OR  =  0.548, 95% CI  =  0.211–1.424). The authors 
concluded that the use of prophylactic vertebral cement augmentation at the UIV 

Fig. 18.2 A 73-year-old woman status post previous T10-S1 fusion presented with back and right 
leg pain, and was found to have proximal junctional kyphosis. She was treated via a T10 vertebral 
column resection, extension of fusion to T4, and T3 and T4 vertebroplasties
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and UIV + 1 segment at the time of deformity correction appears to be preventative 
in the development of PJK/PJF.

The length of pedicle screws may have effects on the incidence of PJK. Park 
et al. [35] investigated the risk of UIV fractures associated with UIV screw fixation 
(unicortical vs. bicortical) and PMMA augmentation after adult spinal deformity 
surgery. All thoracolumbar fusions spanned 4 levels or more. Of the 52 included 
patients, 15 underwent unicortical screw fixation at the UIV, 16 patients underwent 
bicortical screw fixation with PMMA augmentation at the UIV, and 21 patients 
underwent bicortical screw fixation at the UIV without PMMA augmentation. UIV 
fracture rates were 0%, 31.3%, and 42.9%, respectively. UIV bicortical screw fixa-
tion increased the risk for UIV fracture (OR 5.39; p = 0.02). The authors concluded 
that bicortical screw fixation at the UIV should be avoided in long thoracolumbar 
fusion surgery to avoid PJF, with a preference for unicortical screws.

 Pedicle Screws

Loosening of pedicle screws is a major complication of posterior spine surgery [36]. 
As pedicle screw performance is highly dependent on bone quality, [37] osteopo-
rotic patients are predisposed to higher implant failure rates [17, 38]. Augmentation 
of the pedicle screw with bone cement, such as PMMA, calcium-based cements, or 
hydroxyapatite, is one technique to enhance fixation purchase [36, 37, 39]. 
Indications for augmentation for pedicle screws include osteoporosis and revision 
surgery in the elderly [37]. Sawakami et al. [40] evaluated the clinical efficacy of 
PMMA augmentation in reinforcing pedicle screws in osteoporotic spines. Of the 
38 patients with osteoporotic vertebral fractures that underwent posterior fusion 
using pedicle screws, 17 had pedicle screw augmentation with PMMA. The aug-
mentation group had significantly decreased incidence of pedicle screw lucency 
(determined as present on both anteroposterior and lateral radiographs when the 
radiolucency was 1 mm or wider at the bone-screw interface) compared to the con-
trol (29.4% vs. 71.4%), significantly decreased correction loss (3 degrees vs. 7.2 
degrees), and significantly higher bony fusion rate [determined as present on lateral 
radiographs when bone formation (consolidation) was disclosed surrounding the 
collapsed vertebra or the movement was <2 degrees in the flexion-extension radio-
graphs] (94.1% vs. 76.1%). The use of pedicle screw augmentation has been sup-
ported by other study groups as a safe and practical technique that increases the 
strength and stiffness of fixation (Fig. 18.3) [37, 39, 41, 42].

Revision spine surgery often requires extension of fusion with rods and pedicle 
screws or replacement of internal fixation. The type of screw used can have differing 
radiologic and clinical effects, especially in the elderly, often osteoporotic, patient. 
Wu et  al. [43] compared the rate of screw loosening and clinical outcomes of 
expandable pedicle screws (EPS) with those of conventional pedicle screws (CPS) 
in patients treated for spinal stenosis combined with osteoporosis. One hundred and 
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Fig. 18.3 A 66-year-old woman underwent T11-L3 fusion with L1 corpectomy for plasmacy-
toma. She returned with evidence for cage migration and hardware loosening. She underwent 
reexploration for extension of fusion to T10, replacement of instrumentation with fenestrated 
screws for cement augmentation, and minimally invasive lateral approach for redo T12-L2 inter-
body fusion

fifty-seven consecutive patients with spinal stenosis received either EPS fixation 
(n = 80) or CPS fixation (n = 77) to obtain lumbosacral stabilization. In the EPS 
group, 20 screws became loose (4.1%) in 6 patients (7.5%), and two screws (0.4%) 
had broken. In the CPS group, 48 screws became loose (12.9%) in 15 patients 
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(19.5%), but no screws were broken. The fusion rate in the EPS group (92.5%) was 
significantly higher than that of the CPS group (80.5%). The authors conclude that 
EPS can decrease the risk of screw loosening and achieve better fixation strength 
and clinical results in osteoporotic lumbar spine fusion.

 Anterior Versus Posterior Approach

A separate consideration to revision spine surgeries is approach. In patients with a 
prior posterolateral approach, unintended neural structural injury or CSF leakage 
during the dissection of scarred neural tissue may occur with a repeat posterior pro-
cedure [44, 45]. Additionally, a repeat posterior procedure entails re-dissection of 
back muscles, resulting in further weakening of spinal supportive structures, hinder-
ing proper healing [46–48]. An anterior approach for the revision procedure mini-
mizes these risks because an unscarred tissue plane is used to approach the spine 
[45, 49] and extensive epidural scarring due to a repeat posterior procedure is 
avoided [50]. Lee and colleagues [2] studied the efficacy of anterior lumbar inter-
body fusion (ALIF) with percutaneous screw fixation for revision surgery in lumbar 
spine and reported positive outcomes. The mean visual analog scale score for back 
and leg pain decreased, respectively, from 7.8 to 2.3 and 8.0 to 2.3 (p < 0.001). The 
mean Oswestry Disability Index score improved from 70 to 25% (p  <  0.001). 
Radiological evidence of fusion (defined as the absence of radiographic motion of 
more than 5 degrees on the dynamic radiographs, absence of radiolucencies around 
a large area of the cages, and absence of implant failure) was noted in 52 of 54 
patients. The mean preoperative segmental lordosis, whole lumbar lordosis, and 
sacral tilt were 15.2, 35.5, and 28.3 degrees, respectively; these values were signifi-
cantly increased to 20.4, 40.7, and 31.4 degrees, respectively, after revision surgery 
from an anterior approach (p < 0.001). The increase in sacral tilt was positively cor-
related with improvement in back pain (p = 0.028) and functional status (p = 0.025). 
This study demonstrated that ALIF and percutaneous screw fixation can be an effec-
tive surgical option in revision surgery of the lumbosacral spine, as clinical and 
functional outcomes were significantly improved in the majority of the patients with 
instability, degenerative disc disease, recurrent herniation, and pseudarthrosis. 
Another group studied the outcomes of ALIF procedure for the treatment of failed 
back surgery syndrome (degenerative disc disease, postsurgical spondylolisthesis, 
or pseudarthrosis) and found similar findings. Back pain, leg pain, and functional 
status improved significantly, by 76% (P  <  0.01), 80% (P  <  0.01), and 67% 
(P < 0.01), respectively [45]. The anterior approach has proven to be a safe and 
viable alternative to repeat posterior approaches in select patient populations [2, 
45, 51].
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 Sacral Insufficiency

Sacral insufficiency fractures are a common source of back pain in the elderly and 
are associated with significant morbidity [52–54]. Sacral insufficiency fractures are 
typically a result of an increased amount of stress on osteoporotic bone in elderly 
patients; however, these fractures may occur as a result of short- and long-fusion 
constructs to the sacrum [52, 55, 56]. Meredith and colleagues [54] reviewed 24 
patients that developed sacral fractures caudal to instrumented spinal fusions. Eight 
of these patients were successfully treated conservatively. The authors identified 
anterolisthesis of the fracture greater than 2 mm and kyphotic angulation to be sig-
nificantly associated with failure of conservative treatment. Those who failed non-
operative treatment underwent posterior extension of the fusion construct to S2 and 
the iliac wings with sacroiliac joint fusion, and in 10 cases, a combined anterior and 
posterior approach was used that consisted of either revision ALIF or trans-sacral 
posterior lumbar interbody fusion.

Buell et al. [52] reported their experience of nine patients who developed sacral 
insufficiency fracture after lumbosacral fusion. Six of these patients had osteopenia/
osteoporosis and presenting symptoms, including back/leg pain or lower extremity 
weakness. All patients underwent lumbopelvic fixation via a posterior-only 
approach, resulting in successful healing; however, two patients underwent revision 
for rod fractures at 1 and 2 years postoperatively. Spine surgeons should have a high 
index of suspicion to diagnose sacral insufficiency fracture after lumbosacral 
arthrodesis. Sacral insufficiency is often unrecognized on plain radiographs; CT, 
MRI, and nuclear scintigraphy can be used to establish the diagnosis [54]. 
Conservative management is appropriate for select patients; [57] however, indica-
tions for surgical revision include pain refractory to nonoperative management, neu-
rological deficits, fracture nonunion with anterolisthesis or kyphotic angulation, 
L5-S1 pseudarthrosis, and spinopelvic malalignment. High-risk patients may ben-
efit from prophylactic lumbopelvic fixation at the time of index lumbosacral arthrod-
esis [52].

 Conclusion

As life expectancy continues to increase, more and more elderly patients are pursu-
ing spine surgery. Unfortunately, complications do arise that require revision sur-
geries. The elderly patient presents with unique characteristics, making revision 
surgery challenging. The spine surgeon must understand these challenges and adjust 
their approach to treating these patients.
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Chapter 19
Thoracolumbar Trauma in the Elderly

Nathan B. Han, Charles A. Sansur, and Kenneth M. Crandall

 Introduction

Thoracolumbar fractures occur in around 5–6.9% of blunt trauma with an associ-
ated rate of neurological injury in approximately 26% of those patients [1, 2]. The 
high percentage of neurological injury related to the fracture can leave patients with 
devastating consequences. The most common mechanism of thoracolumbar injury 
in the general population is motor vehicle accidents followed by falls; however, in 
the elderly population, falls are the leading mechanism of thoracolumbar trauma. A 
retrospective analysis by Winkler et al. showed that the elderly cohort (age >70) 
with thoracolumbar trauma had a lower incidence of severe GCS category (GCS 
3–8) compared to middle-aged cohort (5% elderly vs. 7.4% middle-aged) and lower 
injury severity score (13.3 elderly vs. 15.3 middle-aged). In addition, there are other 
unique aspects of the elderly patient population that need to be considered when 
managing and treating their thoracolumbar fractures. This chapter will discuss the 
unique biomechanical differences and factors to consider in the elderly, classifica-
tions of thoracolumbar trauma, conservative and operative management, and com-
plications pertinent to elderly population.

Supplementary Information The online version contains supplementary material available at 
[https://doi.org/10.1007/978- 3- 031- 12612- 3_19].

N. B. Han · C. A. Sansur (*) · K. M. Crandall 
Department of Neurosurgery, University of Maryland School of Medicine,  
Baltimore, MD, USA
e-mail: nhan@som.umaryland.edu; csansur@som.umaryland.edu; 
kcrandall@som.umaryland.edu

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
K.-M. G. Fu et al. (eds.), Treatment of Spine Disease in the Elderly, 
https://doi.org/10.1007/978-3-031-12612-3_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12612-3_19&domain=pdf
mailto:nhan@som.umaryland.edu
mailto:csansur@som.umaryland.edu
mailto:kcrandall@som.umaryland.edu
mailto:kcrandall@som.umaryland.edu
https://doi.org/10.1007/978-3-031-12612-3_19


312

 Unique Factors in Thoracolumbar Trauma of the Elderly

 Osteoporosis

Osteoporosis constitutes bone of low density leading to increased risk of fracture 
and, in the case of vertebral osteoporosis, can lead to kyphosis and neurological 
deficits. It is defined by the World Health Organization as bone mineral density at 
the hip or lumbar spine less than or equal to 2.5 standard deviations below that of the 
young adult reference. In the United States, there are more than 9.9 million people 
with osteoporosis with annual estimate of 750,000 osteoporotic vertebral fractures 
[3]. The prevalence of osteoporosis increases with age and is greater in females [4].

In the setting of thoracolumbar trauma, osteoporotic patients present unique 
challenges. First, in the diagnosis of osteoporotic fractures with concomitant degen-
erative pathologies, it may be more difficult to identify acute osteoporotic fractures 
using plain radiographs, necessitating MRI to assess for vertebral body edema sug-
gestive of an acute or subacute fracture. Second, there is increased chance of non-
union in fractures of osteoporotic bones leading to failed conservative treatments 
and necessity of surgical intervention. Approximately 15–35% of patients with 
osteoporotic fractures do not heal completely [3]. Third, in cases requiring instru-
mentation for fusion, osteoporosis increases the risk of screw pullout rate and con-
sequent need for revision surgery. These factors must be considered when diagnosing 
and treating elderly patients at risk of osteoporosis.

 Ankylosing Spondylitis (AS)

Ankylosing spondylitis is a seronegative spondyloarthropathy, in which 90–95% of 
patients are positive for major histocompatibility complex class I molecule HLA- 
B27. It is defined by the Modified New York criteria with radiographic bilateral 
sacroiliitis greater than grade 2 or unilateral grade 3–4 with one of the clinical 
symptoms, including inflammatory back pain, limitation of lumbar spine motion in 
sagittal and coronal planes, and limitation of chest expansion. The pathology of AS 
involves inflammation of ligaments leading to ectopic bone formation and the 
uncoupling of bone formation and resorption with increased osteoclastic activity 
leading to weakening of bones. It is important to note that patients with AS have 
increased incidence of spinal epidural hematoma, due to bleeding from epidural 
venous plexus and diploë of the pathologic bone [5]. When patients with AS mani-
fest paralysis, one must have a high index of suspicion for epidural hematoma, as 
the etiology for paralysis cannot be solely attributed to instability. As such, MRI 
should be performed in these patients to rule out the presence of epidural hematoma.
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 Diffuse Idiopathic Skeletal Hyperostosis (DISH)

DISH is a spinal ankylosing disorder of unclear etiology where there is spontaneous 
osseous fusion of the spinal ligaments, which is clinically diagnosed when anterior 
bridging osteophytes of the ankylosed anterior longitudinal ligament is seen on four 
consecutive levels [6]. Ossification is most commonly seen in the thoracic spine 
(T7–11) with right side prominence as pulsations of the descending aorta prevents 
bony formation along the left side of the thoracic spine [7]. There is a wide range of 
reported prevalence (3.5–42%), but the prevalence does increase with age (mean 
68.2  years, male predominant), making this condition relatively common in the 
elderly population [8, 9]. The pertinent importance of DISH in thoracolumbar 
trauma is that the ossified levels of the spine act as an autologous fused segment 
creating higher stress at adjacent vertebral levels and fractures can lead to increased 
secondary displacement, delayed/nonunion, and neurological deterioration. Review 
by Westerveld et al. observed that the distribution of mechanism of injury in DISH 
patients were as follows: extension 51.5%, rotation 34.9%, compression 14%, and 
flexion 0% [8].

 Classification of Thoracolumbar Injuries

Although there is no universally accepted thoracolumbar injury classification sys-
tem, two commonly used methods are Thoracolumbar Injury Severity Score 
(TLISS) and Thoracolumbar Injury Classification and Severity Score (TLICS), 
which developed from TLISS [10]. While TLISS focused only on injury mechanism 
rather than morphology, TLICS replaced the mechanism of injury with a morpho-
logic description of the injury. Specifically, TLICS addresses the following informa-
tion for the injury: fracture pattern/morphology, integrity of posterior ligamentous 
complex, and neurological status of the patient. Scores of 0–4 are assigned in each 
category and total score of 3 or less deems nonoperative treatment, 4 is indetermi-
nate, and 5 or greater recommends surgical intervention. The intra-/interobserver 
reliability ranged from moderate to substantial reproducibility (kappa score of 
0.45–0.74). Retrospective application of TLICS in comparison to clinical decision 
made for surgical vs. nonsurgical intervention of thoracolumbar injuries show 96% 
matched in surgical decision-making and 99% of nonsurgical decision-making. The 
limitations of this classification include injuries with burst fractures, where the 
score may be less than 3. For example, patients with burst fractures may be at risk 
of developing progressive kyphotic deformity with retropulsion of the fractured ele-
ments, leading to canal compromise and neurological decline. As such, classifica-
tion systems like the TLICS should be used as a guide in management, but not as a 
definitive algorithmic decision-making tool [11].
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Another drawback of TLICS classification system is that it requires evaluation of 
the posterior ligamentous complex requiring MRI imaging, which does not have 
great interobserver reliability (kappa 0.11–0.45). The AO thoracolumbar classifica-
tion adds patient-specific modifiers in addition to morphologic classification to fur-
ther guide treatment with modifier M1 used with uncertain posterior element status 
and M2 for patients with underlying conditions affecting bone status, such as osteo-
porosis, DISH, and AS. Overall interobserver reliability for AO classification among 
100 spine surgeons had kappa of 0.56 [12].

In elderly patients with osteoporotic fractures from low velocity trauma, the 
TLICS method does not specifically incorporate the osteoporotic nature and prog-
nosis of such fractures. Sugita et al. developed a classification of osteoporotic ver-
tebral fractures with five different classifications based on morphology of the 
vertebral body with observation that certain morphology of fractures (swelled, 
pinched, projecting anterior body) had poor prognosis with higher incidence of ver-
tebral body collapse. Schnake et al. also developed a morphologic osteoporotic frac-
ture classification (OF) with five different subgroups with distinction of posterior 
wall involvement and vertebral frame and structure. This classification had a sub-
stantial interrater kappa value of 0.63 [13, 14].

 Conservative Management

In thoracolumbar trauma of the elderly with isolated vertebral fracture without neu-
rological deficit and instability, conservative management involving pain manage-
ment, early mobilization, and orthosis are initial treatment options. For patients with 
osteoporotic fractures, medications such as calcitonin and bisphosphonates are used 
to provide pain relief in addition to increasing bone density in the long run. 
Pamidronate demonstrated significant pain relief in acute osteoporotic fractures in a 
randomized control trial [15]. Lifestyle modifications, such as diet changes with 
adequate calcium and vitamin D intake, regular muscle strengthening and weight 
bearing exercise, and tobacco cessation, are beneficial for patients with osteoporotic 
fractures or at risk of osteoporosis.

Thoracolumbosacral orthotic (TLSO) bracing is commonly used in neurologi-
cally intact patients with stable fractures. Many non-load-bearing element fractures, 
such as spinous process or transverse process fractures, are stable fractures that can 
be managed with analgesics, with or without an orthotic brace. Anterior wedge 
compression fractures can also be treated with a brace. In this setting, the brace 
prevents forward flexion and diminishes load-bearing forces on the anterior com-
partment of the fractured body. When deciding to use orthotic bracing, one must be 
careful to ensure stability of fracture in standing position with the brace, so that 
there is no occult instability that would not be identified on a supine CT scan. 
Compression fractures with greater than 30° of kyphosis, 50% vertebral height loss, 
involvement of three contiguous levels, and flexion distraction fractures should be 
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managed surgically. Some advocate bracing for 8–12 weeks with intermittent stand-
ing radiographs every 4–6 weeks to evaluate fracture healing and assess for progres-
sive kyphotic deformity [16].

 Operative Management

In elderly patients having thoracolumbar vertebral fractures with initial conserva-
tive treatment without clinical improvement or with radiographic worsening of frac-
ture, vertebral augmentation is commonly performed as a next step in management. 
Vertebroplasty involves percutaneous injection of high-power cement through ped-
icles into the fractured vertebral body. It is indicated in traumatic fractures refrac-
tory to conservative therapy of more than 3–4  weeks [17]. Balloon kyphoplasty 
introduces an inflatable balloon in the fractured vertebral body and aims to correct 
the kyphotic deformity prior to cement injection, which is administered at low pres-
sure [18]. Balloon kyphoplasty has similar indications to vertebroplasty in addition 
to traumatic vertebral fracture less than 7–10  days with kyphotic angle >15°. 
Absolute contraindication to the above procedures includes improvement in clinical 
symptom with conservative treatment, asymptomatic vertebral fracture, systemic/
local infection, cement allergy, coagulopathy, and myelopathy originating at frac-
ture level [19].

Meta-analysis of studies examining vertebroplasty or kyphoplasty versus con-
trol/sham procedures showed that both percutaneous kyphoplasty and vertebro-
plasty have similar long-term pain relief and functional outcome benefit compared 
to control groups; however, kyphoplasty tended to be more expensive and had lon-
ger operational time compared to vertebroplasty [20, 21]. Minamide et al. studied 
the efficacy of kyphoplasty in early (<4 weeks) vs. late (>4 weeks) in 51 patients 
and noted that kyphoplasty provides initial improvement in spine alignment at time 
of surgery, but in long term, the alignment returns to the value near initial time of 
surgery. Thus, their data suggests that earlier treatment group, which had better 
initial kyphotic angle compared to the late group, ultimately had significant improve-
ment in long-term alignment compared to late treatment group with reduced rate of 
subsequent fractures [22].

For unstable fractures that require surgical instrumentation in elderly patients, 
factors such as elderly co-morbidities, spinal ankylosing disorders, and osteoporotic 
bone quality should be considered. Common standard treatment for unstable thora-
columbar fractures involves dorsal fusion above and below the fracture level, using 
pedicle screws with or without vertebroplasty/kyphoplasty. Figure  19.1 demon-
strates a standing scoliosis film and MRI of a 67-year-old female with prior T4-T11 
and L4-S1 fusion with new T12 compression fracture with retropulsion of T12 ver-
tebral body causing cord compression. Due to the unstable nature of injury, the 
patient was taken to the operating room with extension of construct to include 
L1-L3 pedicles with realignment of fracture using in situ rod benders. T12 and 
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Fig. 19.1 (a) Standing scoliosis film of 67 year old female with prior T4-T11 and L4-S1 fusion 
with new T12 compression fracture. (b) MRI lumbar without contrast demonstrating T12 com-
pression fracture with retropulsion of T12 vertebral body causing moderate to severe spinal canal 
stenosis

partial L1 and T11 laminectomies were performed for decompression, and bilateral 
pelvic screws were placed for additional stability and connected to construct. 
Intraoperative ultrasound was used to verify satisfactory decompression of the spi-
nal cord. Eight-month follow-up imaging demonstrates continued resolution of 
deformity and corrected sagittal imbalance (Fig. 19.2).

In patients with osteoporosis, there are higher rates of complications, including 
screw loosening and pullout [23]. As such, different methods have been used to 
overcome the poor bone quality of such patients. Cement augmented pedicle screws 
are commonly performed with cannulated pedicle screws filled with polymethyl 
methacrylate cement. It is important to note that the FDA approves the use of 
cemented pedicle screws for patients with weakened bone secondary to malignancy. 
When cement is used in patients with osteoporosis or osteopenia, it is at the discre-
tion of the surgeon and should be considered as off-label use. Figure 19.3 demon-
strates pre- and post-cement administration into cannulated pedicle screws (see 
“Cement Augmented Pedicle Screw” video for steps of the procedure). Single- 
center retrospective observational study by Girardo et al. studied 636 screw place-
ment of standard pedicle, cannulated, and PMMA augmented screws in 91 
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Fig. 19.2 Five months post-operative (a) sagittal and (b) coronal standing scoliosis film demon-
strating extension of fusion construct connecting T11-L3 with bilateral pelvic fixation. Restoration 
of sagittal balance was achieved

osteoporotic patients age >65 with thoracolumbar fractures requiring fusion instru-
mentation. Post-op and follow-up X-rays were obtained and were evaluated for 
bisegmental Cobb angle, fractured vertebral angle, and pedicle screw loosening. In 
this study, augmented screws had no screw loosening (standard 1, cannulated 4) and 
significantly less worsening of segmental Cobb angle and fractured vertebra kypho-
sis angle compared to other screw types [24].

In elderly patients with DISH or AS presenting with thoracolumbar fracture, 
careful attention should be given, as there is higher risk of instability with secondary 
displacement and delayed/nonunion of fracture. A posterior approach for surgical 
management is usually performed in order to provide opportunity for decompres-
sion, recreate preexisting alignment, and confer stability to injured segment. Care 
must be taken when positioning patients, as the mere act of positioning can create 
additional extension-distraction forces, leading to further injury and/or deformity. 
Werner et al. suggests incorporating three levels of fixation above and below the 
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Fig. 19.3 Bilateral L4 cannulated screws (a) pre-cement augmentation and (b) post-cement 
augmentation

fracture to provide stress reduction on the instrumentation at each level. If complete 
reduction cannot be achieved with posterior procedure alone, an anterior procedure 
may be required to provide adequate reduction and anterior column support [25]. 
There is increased use of minimally invasive posterior instrumentation for patients 
with AS and DISH, given the increased benefit of shorter operative time, lower 
blood loss, and less operative soft tissue trauma; however, in cases with neurologic 
deficits, there should be a high index of suspicion for epidural hematoma and an 
open decompression may be needed [26].

 Complications

Elderly patients have greater medical comorbidities, and hence have greater postop-
erative medical complications. Winkler et al. performed a retrospective analysis of 
22,835 thoracolumbar trauma patients age >55 and observed that the elderly cohort 
(age >70) had a higher rate of cardiac arrest (0.1% vs. 0.2%), myocardial infarction 
(0.6% vs. 1.2%), and urinary tract infection (1.7% vs. 2.8%). Other complications, 
which did not have significant difference between the two groups, include pneumo-
nia (7%), ARDS (3.6%), deep venous thrombosis (3%), surgical site infection 
(1.5%), and unplanned return to operating room (0.2%). Inpatient mortality rate, 
however, was lower in the elderly group with 5% in elderly and 9.3% in middle- 
aged group with significant lower odds ratio for mortality in elderly undergoing 
vertebroplasty/kyphoplasty (OR 0.14) [2].
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Complications seen after percutaneous kyphoplasty or vertebroplasty include 
symptomatic cement leakage, cement embolism, pulmonary embolism, osteomyeli-
tis, adjacent vertebral fracture, spinal cord compression, and radiculopathy. Overall 
complication rates of above procedures are less than 2%, with neurological decline 
seen in 0.6% of vertebroplasty and 0.03% of kyphoplasty patients. Pulmonary 
embolism can occur at rates of 0.6% for vertebroplasty and 0.01% for kypho-
plasty [27].

 Conclusion

Thoracolumbar trauma in the elderly is becoming more relevant in our society as a 
result of the increasing lifespan. As such, knowledge of unique elderly characteris-
tics relevant in thoracolumbar trauma should be more widespread in order to pro-
vide more appropriate surgical and medical care of this population. Traits such as 
osteoporosis and ankylosing spinal disorders have substantial impact on the biome-
chanics of the elderly spine. As such, extra attention is needed in this patient popula-
tion to reduce the risk of peri and postoperative complications.
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Chapter 20
Osteomyelitis

Jacob S. Blitstein, Ashraf E. El Naga, Sanjay S. Dhall, 
and Anthony M. DiGiorgio

 Case Presentation

A 65-year-old male patient presented with 3 weeks of back pain and abdominal 
pain. His medical history includes end-stage renal disease (ESRD) on hemodialysis 
along with hypertension, coronary artery disease, and hepatitis C. He denied any 
fevers, arthralgias, myalgias, nausea, or vomiting. He denied any numbness, weak-
ness, or radicular pain. His vital signs were normal on presentation, and he was 
afebrile. His physical exam was notable for a right chest wall indwelling dialysis 
catheter and bilateral below-knee amputations secondary to peripheral artery dis-
ease. On physical examination, he was ill appearing but had no notable neurologic 
deficits. His laboratory workup was notable for a white cell count of 6.3, CRP of 
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Fig. 20.1 Sagittal 
non-contrast CT scan of 
the lumbar spine showing 
bony destruction of the 
L1-L2 vertebral bodies 
with a focal kyphotic 
deformity

71 mg/dL (normal <8.1) and ESR of 130. A CT scan of the abdomen revealed a 
psoas abscess and bony destruction of the L1-L2 vertebral bodies (Fig. 20.1). A 
biopsy of the psoas abscess grew out Staphylococcus epidermidis, and a culture- 
guided antibiotic therapy was initiated. MRI scan did not reveal compression of 
neural elements (Fig.  20.2). Shortly after completing a 12-week IV antibiotic 
course, he represented with worsening abdominal pain, and a CT scan revealed 
worsening collapse of the L1-L2 vertebral bodies and a fracture through the L1 
spinous process and laminae (Fig.  20.3). The patient underwent a lateral L1-L2 
corpectomy with insertion of an expandable titanium cage and posterior instrumen-
tation from T10 to L4 in a staged approach (Fig. 20.4). He tolerated the procedure 
well and achieved solid arthrodesis.
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Fig. 20.2 Sagittal T2 (a) and contrast (b) MRI showing contrast-enhancing osteodiscitis but no 
compression of neural elements
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Fig. 20.3 Sagittal 
non-contrast CT showing a 
new spinous process 
fracture at L1
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a b

Fig. 20.4 Postoperative lateral (a) and AP (b) x-rays of the thoracolumbar spine showing the 
titanium expandable corpectomy cage at L1-L2 and posterior fixation with pedicle screws 
from T10-L4

 Epidemiology

 Demographics

Vertebral osteomyelitis (VO) is a disease affecting both young and old patients. 
Most commonly, VO occurs in adult males in their sixth and seventh decades of life 
[1]. VO exhibits a male predominance [1] and incidence increases with age [2, 3]. 
In older patients, VO is associated with the use of intravenous access ports, iatro-
genic inoculation, and hematogenous spread from urinary tract infections. In con-
trast, VO is typically related to intravenous (IV) drug use in younger patients [4]. 
VO typically occurs in patients with underlying medical conditions, with most 
patients reporting more than one comorbidity, such as diabetes (29.3% of VO 
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patients), liver cirrhosis (9.2%), and malignancy (8.7%) [5]. It has also been associ-
ated with immunosuppression, such as with corticosteroid use or chemotherapy [6]. 
These comorbidities are likely contributing factors to the increasing VO incidence 
in older patients, as they are more likely to have underlying medical conditions or 
compromised immune systems and are living longer with these chronic conditions.

 Incidence

VO represents between 3% and 5% of all osteomyelitis cases with an incidence rate 
of 4–24 per million annually in the world [7–9]. The incidence of VO has been 
increasing, both in the USA and globally, over the past two decades. This increase 
can be attributed to a growing elderly population with a higher prevalence of chronic 
diseases in addition to increases in IV drug use in the younger age group. However, 
it has been suggested that increased recognition, given improved diagnostic capabil-
ity, can also be contributing to this rise [7, 9–12]. The incidence of VO associated 
with venous access devices (such as for hemodialysis or long-term chemotherapy 
use) is also increasing, as patients are living longer with the diseases necessitating 
their use [5, 13].

 Etiology

VO infection can occur due to bacterial (pyogenic), granulomatous, fungal, or para-
sitic pathogens. See Table 20.1 for an overview of the relative frequencies of caus-
ative pathogens. Gram-positive organisms are by far the most common pathogens in 
pyogenic VO (PVO), typically Staphylococcus aureus and Streptococcus species. 
Granulomatous infection includes those of fungal, mycobacterial, tubercular, or 
brucellar origin, while the parasitic form, which is rare, is most commonly caused 
by Echinococcal infections [19].

Most PVO infections involve a single organism, with polymicrobial infections 
are reported in 9% of cases [20]. While most cases of hematogenous VO (HVO) are 
due to methicillin-sensitive Staphylococcus aureus (MSSA) (33.5%), an increasing 
trend of VO due to methicillin-resistant Staphylococcus aureus (MRSA) has been 
seen, especially in cases associated with IV drug use [9, 10]. MRSA is also more 
commonly associated with chronic renal disease patients [21] and can be hospital 
acquired from accessing vascular ports. Though rare, the most common Gram- 
negative organisms in HVO include Enterobacteriaceae, Klebsiella sp., Proteus 
mirabilis, Escherichia coli, and Pseudomonas sp. [3, 9, 20].

Coagulase-negative staphylococci (CoNS) and Propionibacterium are com-
monly isolated in cases of VO that occur after spinal surgery, especially in the 
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setting of prior spinal instrumentation [22]. Staphylococcus epidermidis is a bacte-
rial species that is frequently isolated as a VO infectious agent in patients with pre-
vious spinal surgery, in the elderly, and in the immunocompromised [7, 23, 24]. 
CoNS and Propionibacterium are low virulence organisms that can be introduced to 
the bloodstream following low-grade oral trauma events, such as toothbrushing, but 
have also been reported following instrumentation. These have recently been found 
to cause an increasing proportion of microbiologically confirmed cases of PVO [6, 
9, 12]. VO due to Gram-negative organisms is less common but has seen an increas-
ing prevalence associated with IV drug users [1].

Tuberculosis of the spine, also known as Pott’s disease, is only seen in 1% of all 
tuberculosis infections globally [25]. With global TB rates declining, the overall 
prevalence of Pott’s disease also continues to decline. Of the ten million people who 
fell ill with TB in 2019, eight countries accounted for two-thirds (India, Indonesia, 
China, the Philippines, Pakistan, Nigeria, Bangladesh, and South Africa). Only 
2.5% of all TB infections occur in Europe and 2.9% in the Americas [26]. TVO 
commonly affects the thoracic spine [27]. In contrast to PVO, TVO typically pres-
ents with more than two infected vertebrae with approximately 25% of TVO cases 
having multifocal, noncontiguous skip lesions [28]. Brucella species can also cause 
a granulomatous form of VO in endemic regions, such as the Mediterranean, the 
Middle East, and South America [9, 29]. Exposure is often due to exposure to 
infected livestock. Brucellar VO has a predilection for the lumbar spine, and multi-
level involvement is rare [30].

Fungal VO (FVO) is a much less common etiology of VO. Most FVO cases are 
associated with immunosuppression or IVDU, but FVO has also been associated 
with spinal surgeries [9, 31]. Candidiasis, aspergillosis, coccidioidomycosis, and 
cryptococcosis are the most frequent fungi identified in FVO, though histoplasmosis 
and blastomycosis have also been associated in endemic regions [31, 32]. FVO most 
commonly affects the lumbar spine. While very rare, parasitic infections from 
Echinococcal species can cause VO in endemic areas of temperate zone countries in 
southern South America, coastal Mediterranean countries, south and central parts of 
Russia, central Asia, and China [33].

 Location

While the lumbar spine is the most common location, VO can involve any part of the 
spine. It usually involves ≥2 contiguous vertebral bodies and the intervening disc 
spaces [17]. Occasionally, infection can involve noncontiguous vertebrae with nor-
mal intervening vertebrae or can present as disease of a singular vertebrae, usually 
with a collapse vertebra body that resembles a spinal compression fracture [17]. The 
infection can also involve the epidural space, posterior elements, and surrounding 
soft tissue.
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 Pathophysiology and Pathogenesis

While the majority of VO cases are caused due to a hematogenous route (HVO), VO 
can also occur from direct inoculation (12–26% of cases) or from contiguous spread 
from adjacent tissue (3%) [17, 34]. Common primary sites of infection in HVO 
include the urinary tract, GI tract, respiratory system, the oral cavity, skin, subcuta-
neous tissues, endocarditis, bursitis, and septic arthritis as well as infected extraver-
tebral implanted device or vascular access sites [17, 25]. VO caused by direct 
inoculation is primarily iatrogenic from surgery, spinal instrumentation, lumbar 
punctures, or epidural procedures [9]. While less common, trauma can also lead to 
VO [32].

HVO begins when bacteria enter the metaphyseal vascular arcades and spreads 
into the disc periphery or metaphysis of vertebral bodies [18, 25]. Once in the inter-
vertebral disc space, proteolytic enzymes released by bacterial cause progressive 
destruction [25]. The migration of acute inflammatory cells to the site of local infec-
tion leads to the occurrence of edema, vascular congestion, and small vessel throm-
bosis [35]. Extension of infection into surrounding soft tissues can compromise the 
vascular supply of the bone and can lead to bone necrosis. Polymorphic leukocytes, 
macrophages, and osteoclasts then release inflammatory cytokines and proteolytic 
enzymes, which break down areas of necrotic bone, infected tissues, as well as nor-
mal surrounding tissue [36]. Intact regions of remaining periosteum fragments per-
mit the formation of new bone, called an involucrum, which surrounds the necrotic 
sequestrum. This new bone continues to increase in density and size for weeks to 
months [37, 38].

Surgical attention is typically needed when there is extensive vertebral destruc-
tion, progressive spread of uncontrolled infection or in the presence of neurologic 
deficits. Extensive vertebral destruction can lead to loss of spinal stability or pro-
gressive deformity [25]. Acute neurological deficits secondary to VO are a surgical 
emergency. This can be from retropulsed bone or disc material into the spinal canal 
or from direct spread of the infection, causing an epidural abscess [32, 39, 40].

 Clinical Presentation

VO has a wide spectrum of clinical presentations, ranging from patients with an 
acute illness, with more typical signs and symptoms, to a more subacute clinical 
presentation without bacteremia and less characteristic inflammatory pattern [12]. 
This disparity in presentation contributes to diagnostic difficulties and delays in 
diagnoses.

The most common occurring symptom of VO is axial back or neck pain 
(67–100%), followed by fever and neurologic deficit (weakness, sensory changes, 
or radicular pain). Absence of fever does not rule out VO, however [20]. The aver-
age duration of back pain is greater than 2 weeks, and can be up to a few months, 
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and typically followed by generalized weakness with fever being the last symptom 
[14, 18, 19]. A systemic review by Mylona et al. reported that the mean time from 
onset of symptoms to diagnosis ranged from 11 to 59 days, reflecting the broad 
spectrum of clinical presentations seen in VO [20].

When present, neurological symptoms can range from mild deficits, such as sen-
sory loss, paresthesias, or radiculopathy, to severe neurological compromise with 
subsequent weakness. The extent of the neurological sequelae seen depends on the 
site of infection and the aggressiveness of microorganism involved. Patients may 
present with dysphagia and torticollis due to cervical involvement or with dysauto-
nomic symptoms due to thoracic involvement [25, 41]. Infections of the lumbosa-
cral spine can produce single or multiple nerve root deficits [1, 42]. Rapid-onset 
paraplegia or quadriplegia is typically to be due to spinal epidural abscesses (SEA) 
[42]. The “classic triad” of SEA (back pain, fever, and neurologic deficit) is not a 
sensitive predictor of SEA or VO [1].

A readily identified primary infection can alert the clinician to the possibility of 
VO, such as a UTI or skin/soft tissue infection. Other sources of infection that have 
been reported with associated symptoms include the respiratory tract, often due to 
sinusitis; the oral cavity, due to low-grade tooth or gum trauma; and the GI tract 
[20]. The increasing incidence of cases caused by low-virulence bacteria, especially 
in the elderly with comorbidities, had led to an increasing number of cases present-
ing subacutely with a slower progression of VO signs and symptoms [43].

 Diagnosis/Workup

The ubiquity of back pain as a chief complaint in the emergency setting often con-
tributes to the frequent diagnostic delay seen in VO cases, with patients often report-
ing symptoms for months [4, 17, 44], and a significant portion of cases are initially 
missed on presentation [9]. A detailed history and physical with a high-level of 
suspicion will reduce the likelihood this diagnosis is missed. If VO is suspected, 
further investigation with laboratory and imaging testing should be completed in a 
timely manner to avoid delays and complications [1].

The Infectious Disease Society of America’s (IDSA) “clinical guidelines for 
diagnosis and treatment of native vertebral osteomyelitis” recommends that a diag-
nosis of VO should be considered in patients with new or worsening back or neck 
pain and fever, elevated ESP or CRP, bacteremia, or endocarditis [41]. Patients will 
often present with an inflammatory pattern of axial pain (as opposed to mechanical, 
which improves with rest) and constitutional signs/symptoms, such as anorexia, 
lethargy, weight loss, nausea, or vomiting. The pain is often focal with paravertebral 
point tenderness. Important risk factors associated with VO include a history of IV 
drug use, diabetes mellitus, recent spinal surgery or injection, immunosuppression 
(congenital or acquired), and chronic kidney or liver disease [41]. Evaluation for 
concomitant infective endocarditis should also be considered in all VO patients [5, 
21, 45].
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Current recommendations for laboratory testing are to obtain a complete blood 
count, sedimentation rate, c-reactive protein, basic metabolic panel, and blood cul-
tures in all patients with a suspicion of VO. BMP lab values allow clinicians to 
assess for coincident conditions, such as uncontrolled hyperglycemia and uremia, 
which have been associated with a significantly higher incidence of VO and SEA 
[1]. ESR and CRP levels are both considered highly sensitive markers for VO but 
are nonspecific [14, 25].

In contrast to the ESR and CRP trends, leukocytosis or neutrophilia (with >80% 
neutrophils) does not have a high sensitivity for VO diagnosis [46]. Although most 
patients present with a moderate elevation of 11.0–17.0 WBC k/μL, the presence of 
leukocytosis in VO patients is widely variable with no correlation found between 
degree of elevation and disease severity [1, 46].

Spinal imaging should be performed in any patient with suspected VO and be 
done so emergently, if there are any neurologic deficits [1]. CT scan is highly sensi-
tive for erosive bony pathology and often able to detect paraspinal and epidural 
involvement [47]. MRI should be performed in all patients to quantify the extent of 
infection, provide a baseline, and rule out any epidural component [48]. Gadolinium 
should be used if there are no contraindications, such as an allergy or kidney disease.

Etiologic confirmation prior to treatment is important for selection of an appro-
priate antibiotic. Preventing delays to effective treatment delay contributes to 
reduced morbidity and mortality [16, 49, 50]. Obtaining a blood culture is recom-
mended to help guide initial diagnostic or treatment decisions and may be used in 
conjunction with a direct tissue culture, or independently, to confirm the infective 
agent causing VO [1, 3].

A diagnosis of VO or discitis on imaging should prompt urgent image-guided 
biopsy within 24 h while holding antibiotics until after biopsy if the patient is hemo-
dynamically stable. If patient is hemodynamically unstable, antibiotics are recom-
mended immediately [1]. In hemodynamically stable patients in whom antibiotics 
have not been initiated, it is suggested to wait until blood culture results are returned 
to help guide effective treatment choice. Close neurological monitoring advised 
while awaiting results of the initial blood cultures. Neurological compromise and/or 
SEA, with or without hemodynamic instability, is an indication for starting empiric 
antibiotics without waiting for culture results [45].

Biopsy is used to confirm microbial etiology, which can help guide treatment 
decisions [1, 14]. Image-guided percutaneous biopsies are favored over open biopsy 
when etiology is unknown; however, open biopsy may be considered with recent 
spinal surgeries [20, 51].

 Treatment

Most cases of VO can be managed by conservative measures, without the need for 
surgical management. The typical antibiotic regimen is IV vancomycin and ceftri-
axone [1, 22].
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In order to assess response to antimicrobial treatment, imaging, CRP, and ESR 
monitoring can be used in addition to assessment of overall clinical picture [52]. 
CRP levels were found to be the best independent predictor for early switch from IV 
to oral antibiotics, especially in cases of postoperative infections [53, 54]. Both 
MRIs and PET scans can be used to monitor disease progression [55].

Surgical management is indicated for compression of neural structures, leading 
to a neurologic deficit, instability, progressive deformity, or failure of medical ther-
apy [4, 18]. Patients at a high risk for failure of medical treatment include those with 
diabetes, multifocal infection, and epidural abscesses [56].

With the bony destruction of the infection, instrumentation is often needed when 
surgery is indicated [57]. While it was long thought that placing instrumentation in 
an infected field would lead to persistent infection, more recent literature has shown 
this to not necessarily be the case [15, 58–61]. Surgical treatment options include 
anterior, posterior, or combined approaches. The location of pathology and neural 
compression is a key consideration in choice of approach. If an epidural abscess is 
present, an approach allowing access to the canal should be selected. Since VO 
favors the vertebral bodies, correction of deformity typically requires reconstruction 
of the anterior column with posterior instrumentation as well [62].

Reconstruction of the anterior thoracolumbar vertebral body can be done via 
anterior, posterior, or lateral-based approaches, while the anterior column in the 
cervical spine is reconstructed through the standard anterior approach to the cervi-
cal spine. Posteriorly based approaches such as a costotransversectomy-type 
approach is commonly considered in the thoracic spine. In such approaches, the 
adjacent costovertebral joint is removed so as to access the anterior vertebral body 
obliquely for corpectomy and anterior cage reconstruction. This typically involves 
sacrificing a thoracic nerve root, especially when performing multilevel reconstruc-
tion. As such, such a posterolateral approach is not considered in distal to L1, where 
nerve sacrifice would have significant functional implications. In the lumbar spine, 
a lateral or retroperitoneal approach is often considered and performed. In this case, 
the vertebral body is accessed lateral to the great vessels with several approaches 
described in relation to the traversing psoas muscle. The lateral retro pleural 
approach can also be employed for thoracic pathology, up to approximately T5, 
where the axilla obstructs exposure.

With any approach to anterior vertebral body reconstruction, posterior instru-
mentation is often considered, especially with any multilevel corpectomy. The addi-
tion of posterior instrumentation will improve fusion rates, especially in the cervical 
spine [63]. Epidural abscesses, if they can be accessed through a laminectomy 
alone, are often managed with a posterior only approach [50].

With many surgical variations available, a patient-centered approach is recom-
mended based on each patient’s pathology and risk factors. Spinal bracing may be 
an alternative to spinal surgery in appropriate candidates, in whom there are no 
neurologic deficits, especially if comorbidities preclude surgical intervention. 
However, one cohort study that compared rigid spinal bracing with percutaneous 
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posterior screw-rod instrumentation found that “significantly faster recovery, lower 
pain scores and improved quality of life” was associated with the surgical treatment 
group [64].

 Outcomes and Complications

Prognosis depends primarily on early diagnosis and treatment in order to avoid 
neurological sequelae and other complications. Park et  al. reported that major 
sequelae risk factors include ≥3 weeks to diagnosis, neurologic deficits, and cervi-
cal or thoracic involvement. While overall mortality is low, poor functional out-
comes are much more common, with 27% of patients reporting complications with 
a severe effect on quality of life [18, 20]. When compared to degenerative processes, 
surgical outcomes for VO include less neurological improvement and higher rates 
of complication [61].

 Conclusion

VO is a notable cause of back pain that can lead to serious neurological deficits and 
pronounced spine instability or deformity if not identified and treated appropriately. 
The increasing incidence of VO highlights the need for clinicians to have enough 
knowledge necessary to avoid delays in diagnosis [12]. Advanced imaging and cul-
ture studies are both key components of establishing a diagnosis. In patients without 
neurologic deficits or evidence of instability, culture-guided antibiotics are the first 
line of treatment along with addressing any comorbid conditions. Surgery is indi-
cated for spinal instability, progressive deformity, neurologic compression, and 
failed medical management. Instrumentation is often necessary and often performed 
in conjunction with anterior vertebral body reconstruction through any of a number 
of well-established surgical approaches.
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Chapter 21
Thoracolumbar Spinal Oncology 
in the Geriatric Population

Jacob L. Goldberg, Ori Barzilai, Dennis Timothy Lockney, 
Anubhav G. Amin, and Mark H. Bilsky

 Introduction

Symptomatic spinal cord compression due to metastatic cancer is common, affect-
ing up to 20% of cancer patients, and often requires surgical intervention [1–4]. In 
symptomatic patients, surgery can improve pain, neurological status, and quality of 
life [5, 6]. The incidence of spinal metastases is expected to increase as advances in 
targeted therapies improve overall survival; however, targeted therapies are dispro-
portionately effective against nonskeletal disease [7]. Coincident with the rise in 
incidence of spine metastatic disease is the projected rise in the elderly population 
[8]. This presents unique challenges in decision-making as the elderly face height-
ened perioperative risks. Taken together, the importance of surgery in this setting 
and the increased risk profile faced by the elderly often present a dilemma with 
regard to best treatment.

While studies have demonstrated the safety of surgery in elderly population for 
a variety of primary cancer types, spine surgery poses unique challenges in this age 
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group. At baseline, elderly patients are at increased risk of perioperative complica-
tion due to decreased physiologic reserve, poor tolerance of blood loss, lower rates 
of mobility, and often worse nutritional status [9–11]. In fact, patients aged 65 years 
and older are at increased risk of perioperative complication and rehospitalization 
after elective lumbar spine surgery, and this risk grows further, correlating with 
surgical invasiveness and medical comorbidities, among octogenarians [12, 13]. 
Octogenarians undergoing elective degenerative spinal fusion face rates as high as 
71% and 8% of perioperative complication and mortality, respectively [14–17]. Of 
concern, the risk of spine surgery in the elderly is highest in cases of instrumented 
fusion which is often essential in addressing spine tumors. Deyo et  al. found an 
increased risk associated with fusion compared to non-instrumented lumbar surgery 
with respect to rates of complication, blood transfusion, and nursing home place-
ment [18]. Additionally, with operations requiring significant narcotic pain medica-
tion, the elderly face an increased risk of poorly managed postoperative pain and/or 
delirium [19, 20]. This may prompt concerns for safety with ambulation leading to 
increased immobilization and its associated consequences.

Despite all of these, recent technological advancements including the integration 
of minimally invasive surgical techniques; increased utilization of advanced photon- 
beam radiation therapy, i.e., stereotactic radiosurgery (SRS); stringent medical pre-
operative assessment; and postoperative medical co-management by geriatric 
medicine have made surgery in the elderly more tolerable. As a result of significant 
and evolving changes in treatment strategies, a cohesive team approach with mul-
tiple different subspecialists helps ensure patients receive optimal treatment. The 
NOMS (Neurologic, Oncologic, Mechanical stability, and Systemic disease/medi-
cal comorbidity) framework uses a multifaceted assessment to optimize patient out-
comes [1]. NOMS was designed to synthesize essential clinical components to 
guide surgical decision-making. While systemic disease/medical comorbidity has 
always played an important role in NOMS, it takes on added emphasis in surgical 
decision-making as it relates to elderly oncology patients.

In this chapter, we present the application of the NOMS framework to the elderly 
patient population. We discuss complications and modifiable risk factors and pre-
dictive tools and indices and present the available literature evaluating minimally 
invasive techniques. Last, we present an example of a successful minimally invasive 
as well as open surgery for spinal metastases reviewing the key pre-, intra-, and 
postoperative considerations. Primary bony thoracolumbar tumors are exceedingly 
rare in the elderly and beyond the scope of this chapter.

 Historical Data

Outcome data on surgical treatment of spinal metastases in the elderly are limited. 
Generally, cancer (requiring significant surgery) in octogenarians has historically 
been difficult to treat, given the high incidence of medical comorbidities and lack of 
quality, long-term survival data following complex operations [21–24]. A series of 
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recent studies have evaluated the safety and efficacy of surgery for other primary 
malignancies in this age group, which have shown acceptable outcomes for patients 
diagnosed with colorectal [25, 26], breast [27, 28], lung [29–31], endometrial [28], 
renal [28, 32, 33], and bladder [32, 34] cancers. Specifically for spinal metastases, 
Amelot et al. published a large prospective multicenter study evaluating age at the 
time of surgery for spinal metastases in 1266 patients at 22 centers internationally 
[22]. Several interesting findings emerged. Patients 80 years and older compared 
with those younger than 70 years presented with worse neurologic status, required 
urgent surgery at presentation, and trended toward having more involved spinal lev-
els. A significant difference was observed in the rate of complications between 
patients older than 80 (33%) and those younger than 70 (17%). This difference was 
mostly explained on the basis of postoperative wound complications. Quality of life 
improvements were noted in all age groups.

 Evaluation of an Elderly Patient with Spinal Metastases

The NOMS framework standardizes surgical decision-making for spine metastases 
by integrating neurologic function, degree of spinal cord compression, sensitivity to 
conventional external beam radiotherapy (cERT), and extent of disease as well as 
medical comorbidities to achieve optimal patient outcomes [35]. This model 
accounts for the fact that while the treatment goals of palliation, pain control, pres-
ervation of neurologic function, maintenance of stability, and local tumor control 
remain unchanged, advances in radiotherapy and medical oncology have shifted 
paradigms changing the surgical objectives.

The neurologic and oncologic considerations in NOMS are intertwined and con-
sidered in tandem. Historically, the neurologic emphasis was placed on the severity 
of the presence of myelopathy or functional radiculopathy, but this determination is 
now largely made on the basis of radiographic parameters. The standardized assess-
ment of epidural spinal cord compression (ESCC) is reliably evaluated using a 
6-point scoring system (also known as the “Bilsky score”) [36]. In this validated 
grading scheme, grades 0–1c range from bone only involvement to increasing 
degrees of canal encroachment without spinal cord compression. Grade 2 and 3, 
which are considered high-grade compression, represent cord compression with and 
without surrounding cerebral spinal fluid, respectively. The oncologic component 
considers the tumor’s sensitivity to conventional external beam radiation (cEBRT), 
or spine stereotactic radiosurgery which is determined by tumor type/histology 
[37]. cEBRT is often delivered as 20–40 Gy in 2–3 Gy per fraction. Whereas the 
hematologic malignancies and breast and prostate carcinoma are moderately to 
highly sensitive to cEBRT, response rates in the remaining solid tumor malignancies 
are as low as 30% at 3-month follow-up. With the exception of hematologic malig-
nancies and breast and prostate carcinoma, the remaining solid tumors are consid-
ered resistant to conventional external beam radiation with response rates as low as 
30% at 3 months [38, 39]. In cases of severe cord compression by radiosensitive 
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tumor histology, cEBRT alone still offers good results with radiographic cord 
decompression and maintenance or recovery of neurologic function.

The use and efficacy of stereotactic body radiotherapy (SBRT) in the postopera-
tive setting have changed goals and invasiveness of surgery for spinal metastases. 
SBRT allows for the highly conformal delivery of high Gy per fraction ablative 
radiation doses to be precisely delivered to tumor tissue while sparing the spinal 
cord, resulting in durable local control for even the conventionally radioresistant 
tumors [40]. This was paradigm shifting as it allows for tumors causing low-grade 
compression to be treated with SBRT regardless of histology. Patients with high- 
grade compression and/or myelopathic signs require surgical decompression to 
relieve pressure on the cord and create a margin for delivery of SBRT to stay within 
accepted cord radiation tolerances. Treating with SBRT in the setting of high-grade 
compression carries the risk of either overexposure of the cord causing radiation- 
induced myelopathy or underdosing the tumor predisposing to epidural progression 
[41]. Use of SBRT in the postoperative setting changed the role of surgery. 
Previously, aggressive surgery was needed to achieve gross total resection as the 
local control rate with postoperative cEBRT is poor. With aggressive surgery and 
postoperative cEBRT, published rates of local control at 1 year were around 30% 
[42]. With the availability of postoperative SBRT, the goal of surgery changed from 
gross total resection to simple cord decompression and creating a thin (2 mm) mar-
gin (separation surgery) around the cord to allow for conformal, ablative stereotac-
tic radiosurgery. Laufer et al. reported the results of separation surgery followed by 
SBRT with an overall rate of failure of 16% in a cohort among whom half had 
already experienced a local RT failure and 77% had radioresistant histology [43]. 
Though patients often require instrumented stabilization, minimally invasive short 
segment constructs which minimize tissue damage can be employed due to the sta-
bility conferred by cement-augmented screw fixation.

The determination of mechanical instability is made on the basis of the spinal 
instability neoplastic score (SINS) [44]. This classification assesses six components 
of tumor-related instability including location of lesion, presence and characteris-
tics of associated pain, bone quality, spinal alignment, degree of vertebral body 
collapse, and involvement of the posterior spinal elements. Summative scores of 
0–6 are considered stable, 13 or greater unstable, and 7–12 potentially unstable.

The last and most important factor in NOMS is the assessment of extent of dis-
ease and coexistent medical comorbidities. When assessing non-elderly patients, 
this determination is often best made by the treating medical oncologist. Assessment 
of overall survival can be aided by several predictive models. In a retrospective 
study of 165 patients with metastatic spinal disease, the Skeletal Oncology Research 
Group (SORG) nomogram was found to most accurately predict survival at 30 and 
90 days, while the original Tokuhashi score was most predictive of survival at 1 year 
[45–47]. Of note, these scoring systems were not specifically designed to model the 
elderly population.
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 Minimally Invasive Spine Surgery

With advances in intraoperative navigation, instrumentation, and surgical tech-
niques, minimally invasive surgery (MIS) is gaining traction in all areas of spine 
surgery. In the degenerative and deformity literature, MIS techniques have been 
correlated with less blood loss, shorter length of stay, early ambulation, and reduc-
tion in postoperative narcotic requirements and infections [48–51]. Some of these 
benefits, particularly those associated with percutaneous pedicle screws and/or 
fenestrated pedicle screws with cement augmentation, have been observed in 
cohorts of general spinal tumor patients [52, 53]. To date in the metastatic spinal 
literature, no difference in performance status, neurological status, or patient 
reported outcomes have been found between MIS and open technique. However, 
MIS techniques have been correlated with less blood loss and shorter length of stay 
[54]. Needless to say, further study to evaluating outcomes based upon MIS or open 
technique is underway.

 Frailty

To aid in assessing the suitability of elderly spinal metastatic patients for surgery, 
the concept of frailty has emerged. Frailty is a way to assess geriatric patients for 
their fitness to undergo surgery. Frailty scores seek to objectively quantify and con-
textualize comorbidities, nutritional status, physiologic ability to tolerate surgery, 
and functional status. In a prospective study of 594 elderly patients presenting for 
elective surgery (all types), frailty scores were assigned to patients on the basis of 
their baseline weakness, weight loss, physical activity, and walking speed, and inde-
pendently predicted postoperative complications, length of stay, and discharge to a 
rehabilitation facility (after previously living at home) [55]. Several modified frailty 
indices have been published to predict physiologic reserve in patients undergoing 
spinal deformity surgery [56–58]. Further, the metastatic spine tumor frailty index 
(MSTFI) has been developed to capture physiologic reserve in the unique popula-
tion of elderly patients with spine metastases [59]. The MSTFI model is constructed 
using nine parameters: anemia, chronic lung disease, coagulopathy, electrolyte dis-
order, pulmonary circulation disorders, renal failure, malnutrition, nonelective 
admission, and anterior/combined surgical approach. Based upon these metrics, 
patient frailty was determined. In this population of over 4500 metastatic spinal 
tumor patients, the complication rate and in-patient mortality were 19% and 3%, 
respectively. However, compared with non-frail patients, even the mildly frail were 
found to be at significantly higher risk of developing a major in-hospital complica-
tion and staying in-patient for a longer duration postoperatively.
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 Geriatric Co-management

Interdisciplinary management, including medical and radiation oncologists, for 
patients with spinal metastases has long been recognized as foundational in the 
delivery of high-quality care [60]. The addition of a geriatric specialist when the 
patient is elderly may continue to improve both pre- and postoperative treatment. 
Festen et  al. evaluated the implementation of an onco-geriatric multidisciplinary 
tumor board team [61]. By comparing the recommendations of the usual tumor 
board against those made by the onco-geriatric team for 197 geriatric oncology 
patients, Festen reported differing recommendations in 25% of cases with the onco- 
geriatric team favoring less intensive or palliative treatment. In the general surgical 
oncologic literature, Shahrokni et al. highlighted a role for geriatricians emphasiz-
ing preoperative optimization with prehabilitation, co-management with the surgi-
cal team postoperatively, and optimizing use of transitional care models [62]. While 
studies of geriatric patients with spinal metastases managed in this model are forth-
coming, promising trends were observed in the elderly lumbar spinal surgery popu-
lation. Adogwa et  al. evaluated 125 elderly patients undergoing elective lumbar 
fusion for degenerative scoliosis and found reduced rates of postoperative compli-
cations, shorter length of stay, and improved perioperative functional status [63]. 
Taken together, these data suggest a role for geriatric specialist involvement at all 
stages of intervention.

 Illustrative Case

A 76-year-old male with no previous cancer history presented with back pain and 
severe gait instability. His back pain was mechanical and biological in nature. 
Physical exam was most notable for myelopathy in his lower extremities. Workup 
revealed a T8 osseous metastasis causing ESCC3 (high grade) cord compression 
(Fig.  21.1). He underwent an emergent T7–9 posterior instrumented fusion with 
cement augmentation of the fenestrated pedicle screws, and a dorsolateral decom-
pression (Fig. 21.2). Postoperatively, a CT myelogram was obtained for radiation 
planning which revealed reconstitution of the thecal sac (Fig.  21.3). The patient 
returned to his neurological baseline ambulating on his own without an assistive 
device. The pathology was consistent with a poorly differentiated adenocarcinoma 
of unknown primary origin. He subsequently underwent SBRT of 30 Gy in three 
fractions. In this case, the surgical goals are to relieve the symptomatic high-grade 
cord compression, create a safe margin around the spinal cord to allow for the deliv-
ery of SBRT, and obtain tissue for diagnosis.
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a b

Fig. 21.1 Preoperative MRI. (a). Sagittal T2 MRI with an osseous metastasis at T8. (b) Axial T2 
MRI at T8 demonstrating complete loss of CSF surrounding the spinal cord with high-grade cord 
compression (ESCC3)

a b

Fig. 21.2 Postoperative x-rays demonstrating T7–9 posterior instrumented fusion with cement- 
augmented pedicle screws. (a) AP. (b) Lateral

ba

Fig. 21.3 Postoperative CT myelogram demonstrating contrast filling through the thecal sac at the 
level of previous high-grade spinal cord compression. (a) Sagittal. (b) Axial
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 Conclusion

Advances in our understanding of oncologic processes resulting in new targeted 
biologic and immunologic therapies are resulting in increased survival across many 
cancer types. While these treatments have improved systemic responses against 
cancer, they show poorer efficacy against skeletal metastases leading to an increased 
number of spinal metastases. As the incidence of spinal metastases increases, there 
is a coincident rise in the proportion of the population who are elderly. Elderly 
patients are in a high-risk group and generally have poor tolerance for invasive sur-
gery. Fortunately, advances in the delivery of radiotherapy are resulting in less 
aggressive surgical goals. The evidence remains limited but does suggest that sepa-
ration surgery in the geriatric population can be done safely and effectively. 
Mitigation of the perioperative risks in this population requires multidisciplinary 
involvement including a geriatric specialist.
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Chapter 22
Surgical Technical Advances: Interbody 
Arthrodesis

Andrew K. Chan, Alexander Haddad, and Praveen V. Mummaneni

 Introduction

With the increasing age of the general population, there has been a rise in the inci-
dence of degenerative lumbar disease, including stenosis, spondylolisthesis, and 
scoliosis, as well as other lumbar pathologies, such as spinal tumors and fractures. 
These disorders disproportionately impact elderly patients over the age of 65 and 
are associated with increased disability and reductions in health-related quality of 
life measures [1]. The significant morbidity of spinal pathologies in the elderly and 
their increasing incidence have brought about an increased focus on surgical treat-
ment modalities, including spinal fusion [2]. Spinal fusion can be accomplished 
through the use of posterior instrumentation with or without the use of interbody 
supplementation. First described by Briggs and Milligan in 1944, lumbar interbody 
fusion is used to treat a wide range of spinal pathologies, including degenerative 
disease, neoplasm, deformity, and trauma [3]. In contrast to posterior or 
posterolateral- based arthrodesis alone, approaches leveraging interbody devices 
involve the removal of the intervertebral disc, with insertion of a graft or implant 
that promotes anterior column arthrodesis between the upper and lower vertebrae 
[4, 5]. Arthrodesis of the anterior column via interbody approaches has a number of 
posited advantages compared to posterior-based approaches alone, including 
increased fusion rates as well as a greater ability to restore disc height, increase 
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segmental lordosis, and—depending on surgical technique employed—correct 
 spinal radiographic alignment parameters, although this remains an active area of 
investigation with conflicting reports in the literature [6–8]. Nevertheless, interbody 
fusions are commonly utilized, with rapidly evolving technologies.

A number of approaches exist to gain access to the intervertebral disc space and 
facilitate the performance of an interbody fusion. The five most commonly utilized 
approaches in the lumbar spine include posterior lumbar interbody fusion (PLIF), 
transforaminal lumbar interbody fusion (TLIF), anterior lumbar interbody fusion 
(ALIF), and lateral lumbar interbody fusion (LLIF) via a trans-psoas or pre-psoas 
approach, with each named with respect to their respective access route [4]. The PLIF 
and ALIF represent older, more traditional approaches, while TLIF and LLIF have only 
been utilized more recently. Approach selection and utilization is highly variable and 
surgeon/patient specific; there remains a paucity of high-quality evidence supporting 
one approach over another [5]. Similarly, the implant type used for interbody arthrod-
esis can vary. The most commonly used implants include polyetheretherketone (PEEK) 
and titanium, with a trend toward higher fusion rates in titanium cages [5, 9]. However, 
the use of newer technologies, such as expandable cages, mixed PEEK/titanium cages, 
and 3D printing, is also gaining popularity and continues to be studied [10].

The investment into further developing and evolving interbody fusion technolo-
gies highlights the promise of these surgeries in the treatment of a wide range of 
spinal pathologies. The diversity in approaches and techniques provides surgeons 
with a variety of options to choose from when selecting the ideal surgery for a spe-
cific patient. Indeed, patient characteristics are of utmost consideration when plan-
ning how to best perform an interbody fusion. This is especially true for elderly 
patients, who have unique patient characteristics that can impact the success of an 
interbody fusion and perioperative complications. In this chapter, we discuss the 
performance of interbody fusion in elderly patients and important considerations in 
this growing and vital patient population.

 Spinal Fusion Surgery in Elderly Patients: Key Considerations

In 2000, approximately 606 million people were over the age of 60; this is expected 
to triple by 2050 to over two billion [11]. In fact, the population of patients over the 
age of 60 is projected to grow at 3.5 times the speed of the overall world population 
[11]. The rapidly expanding older patient population, coupled with a higher inci-
dence of degenerative spinal disease in the elderly, highlights the need for surgeons 
to more completely understand the clinical characteristics of geriatric patients. This 
is especially true when considering clinical and radiographic nuances that might 
impact the ability for a patient to completely fuse following an interbody arthrode-
sis. Identifying and understanding clinical characteristics that impact the efficacy 
and success of interbody fusions is vital to preoperative planning, patient counsel-
ing, and improvements in patient symptomatology and quality of life.

A primary comorbidity that should be considered in elderly patients is osteopo-
rosis. Defined as a bone mineral density (BMD) T-score of less than −2.5, osteopo-
rosis is estimated to have affected 10.3 million adults over the age of 50 years in 
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2010, with another 43.4 million older adults having a low bone mineral density [12]. 
The pathophysiology of osteoporosis involves an imbalance between osteoclast and 
osteoblast activity, overall favoring increased bone reabsorption [13]. This increased 
reabsorption then leads to reduced BMD. Biomechanical studies have demonstrated 
reduced fixation strength of posterior instrumentation in osteoporotic vertebrae 
when compared to normal vertebrae [14–16]. The clinical consequence of low bone 
mineral density on spine surgery is well documented; complications include com-
pression fractures, graft subsidence, proximal junctional kyphosis, and/or non- union 
[14]. Mechanisms of failure associated with reduced BMD can also vary depending 
on the type of fusion. In interbody fusions, osteoporosis is associated with an 
increased incidence of graft subsidence, iatrogenic fracture, and screw loosening 
[16–19]. Osteoporosis is also subsequently linked with worse clinical outcomes in 
select populations, including associations with increased revision surgeries, high-
lighting the impact it can have on patients and hospital resources [16, 18, 20]. 
Interestingly, osteoporosis is likely underdiagnosed in patients undergoing spine 
surgery; recent studies have demonstrated an increased incidence of low BMD when 
using Hounsfield units from preoperative computed tomography (CT) scans as a 
diagnostic tool [21, 22]. As a result, osteoporosis should be considered in every 
elderly patient undergoing spinal surgery, with preoperative optimization through 
treatments such as calcium, vitamin D, and bisphosphonates when appropriate [23]. 
A number of surgical techniques, such as increased screw size or cement augmenta-
tion of screws, have also been investigated for the treatment of patients with osteo-
porosis and can be utilized in patients who are appropriately identified [14].

Similarly, other comorbidities that frequently accrue with advanced age, such as 
insulin-dependent diabetes mellitus [24–28], obesity [29, 30], and reduced nutri-
tional status [31], have been associated with increased complication rates and worse 
clinical outcomes, highlighting the importance of considering these as well. In fact, 
a rat model of insulin-dependent diabetes mellitus has demonstrated reduced rates 
of fusion. Similar trends have also been seen in human patients, further emphasizing 
the importance of identifying insulin-dependent diabetes mellitus in patients preop-
eratively [24, 32]. Medical preoperative optimization of these patients is crucial to 
reduce the impact of these comorbidities on outcomes following surgery. Despite 
the high incidence of comorbidities in elderly patients, multiple studies have dem-
onstrated that this population can benefit from the appropriate surgical intervention 
with regard to clinical symptomology and health-related quality of life measures 
[33, 34]. In addition, studies have shown that surgical treatments for spinal patholo-
gies in elderly patients is cost-effective [35].

 Interbody Fusion in Geriatric Patients: A Review 
of the Literature

As previously discussed, a number of approaches exist to gain access to the interver-
tebral disc space providing surgeons with a variety of options to choose from based 
on their preference, the patient’s anatomy, and the target disc space. Each approach 
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has unique advantages and disadvantages making them more or less suited for par-
ticular clinical and radiographic situations. Traditionally, decision-making sur-
rounding the utilization of specific approaches has been subject to individual surgeon 
preference without clear guidance on approach selection. Fortunately, a recent algo-
rithm to aid surgeons in deciding on approach selection has been developed.

The minimally invasive interbody selection algorithm (MIISA) was developed 
through the consensus agreement of expert minimally invasive spine deformity sur-
geons across the United States [36]. The algorithm was generated by reviewing 223 
MIS spine deformity surgeries, including approach selection and target disc space, 
and finalized through the agreement of contributing surgeons. Approaches that were 
included in the algorithm included ALIF, TLIF, and LLIF. Performance of a trans- 
psoas LLIF with placement of a hyperlordotic cage and release of the anterior lon-
gitudinal ligament (ALL) was also included in the algorithm (anterior column 
realignment, ACR). The goal of the algorithm was to provide surgeons with guid-
ance surrounding which approaches are most commonly used at specific levels 
within the lumbar spine as well as the degree of sagittal correction that can be 
achieved with each type of approach. When developing the algorithm, Mummaneni 
et al. found that the LLIF was often used for levels from L1 to L4, with TLIF at 
L4–5, and ALIF at L5–S1. They also found that, in general, the ALIF, LLIF, and 
TLIF were decreasingly able to induce segmental lordosis, in that order. This led to 
the finalized algorithm in Fig. 22.1.

MIS Interbody Fusion Algorithm for Lumar
Deformity

(no prior retroperitoneal deformity)

L1-L4 L4-L5

Maximize
Height

Restoration
/Lordosis

Maximize
Height

Restoration
/Lordosis

LLIF1

LLIF1: Prepsoas or transpsoas lateral interbody fusion; use when up to 5° of segmental lordosis is desired.
Lordosis between L1-L4 is inconsistent while height restoration is consistent.
ACR2: Use when ≥10° of segmental lordosis is desired.
TLIF3: Allows for direct decompression of foraminal/lateral recess stenosis.

ACR2 TLIF3 ALIF

Yes

No

Maximize
Height

Restoration
/Lordosis

L5-S1

Fig. 22.1 Schematic demonstrating the MIS Lumbar Interbody Fusion Algorithm [36]
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In the following section, we will discuss the use of individual approaches specifi-
cally in elderly patients, with a focus on perioperative, mechanical, and long-term 
quality of life outcomes when available in the literature.

 ALIF

ALIFs are a commonly used to approach the intervertebral disc space with 
increasing popularity among surgeons [10]. The advantages associated with 
ALIFs surround the full access to disc space afforded by the anterior approach, 
which allows for ALL resection, complete discectomy, and the placement of a 
tall and lordotic interbody graft that is associated with high rates of fusion and 
the restoration of lumbar lordosis [4, 37]. Disadvantages include the need for an 
access surgeon, limited access to the L2/3 and L3/4 disc spaces, and a higher risk 
of vascular injury relative to other approaches [4]. In male patients, an ALIF 
approach has also been associated with the development of postoperative retro-
grade ejaculation, with a reported incidence of 0.9–7.4% [38–42]. The impact of 
age on outcomes following ALIF has been briefly explored in the literature. A 
2017 study by Phan et  al., including 137 patients who underwent ALIF by a 
single surgeon, showed a trend toward an increased risk of postoperative hema-
toma in older patients (relative to patients less than or equal to 49 years old); 
increasing age was also independently associated with an increased risk of 
delayed subsidence on multivariable analysis. This study was followed by Safaee 
et al. who, utilizing a cohort of 938 patients who underwent an ALIF at a single 
institution, identified increasing age, obesity, number of levels fused, and a pre-
operative surgical indication of degenerative disease/spondylolisthesis as inde-
pendently associated with increased postoperative complications on multivariable 
analysis. However, they were not able to define an age threshold for complica-
tions. The increasing incidence of complications seen with increasing age is 
likely due to the comorbidities associated with elderly patients. Interestingly, 
Safaee et al. did include the Charlson Comorbidity Index (CCI), a measure of 
patient comorbidity burden, and diabetes as variables in their study, but neither 
was found to be significantly associated with complications on multivariable 
analysis. This may indicate that comorbidities in elderly patients outside of the 
CCI or diabetes are contributing to their increased rate of complications, such as 
osteoporosis. In addition, previous studies have correlated the modified frailty 
index (mFI) with increasing complications following ALIF, suggesting perhaps 
that disparate variables between the mFI and CCI, such as functional status, play 
an increased role in predicting complications in these patients [43]. Nevertheless, 
ALIFs are a reasonable surgical approach with significant benefits in elderly 
patients. Additional, larger prospective studies further investigating their use in 
geriatric patients are warranted. An example ALIF case is demonstrated in 
Fig. 22.2.
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a b c

Fig. 22.2 This case illustrates use of an L5–S1 ALIF for isthmic spondylolisthesis. (a) Preoperative 
sagittal computed tomography (CT) image demonstrating L5–S1 spondylolisthesis and degenera-
tive disc disease with loss of height and segmental lordosis. (b) Preoperative parasagittal CT image 
demonstrating a fracture of the pars interarticularis. (c) Postoperative CT image demonstrating a 
marked increase in disc height and segmental lordosis (from 4° to 21°), following L5–S1 ALIF

 LLIF (Trans-psoas)

Originally described in 2006 [44], the trans-psoas LLIF achieves access to the disc 
space through a lateral retroperitoneal approach [4]. Trans-psoas LLIFs are espe-
cially well suited for achieving access to the T12/L1 to L4/L5 levels. In addition, 
LLIFs are particularly useful for achieving increased segmental lordosis [36]. When 
performed in the setting of ACR, with placement of a hyperlordotic cage and ALL 
release, trans-psoas LLIFs can significantly correct lordotic deformity and demon-
strate a favorable complication profile to traditional deformity correction techniques 
[45]. However, disadvantages of the trans-psoas LLIF include limited access to the 
L5/S1 level as a result of the iliac crest as well as the potential for injury to the lum-
bar plexus and iliac vessels [4]. Multiple studies have evaluated the perioperative 
and long-term clinical outcomes associated with trans-psoas LLIFs in elderly 
patients. In a study of 55 patients over the age of 70 who underwent trans-psoas 
LLIF, Agarwal et al. showed a significant reduction in the mean 1-year postopera-
tive Oswestry Disability Index (ODI) score when compared to the mean preopera-
tive ODI, demonstrating the efficacy of the intervention in these patients. However, 
a preoperative T-score of <−1.0 conferred a significantly higher risk of graft subsid-
ence; this further emphasizes reduced BMD as an important consideration in these 
patients as even a T-score above the definition of osteoporosis had a negative impact 
on patient outcomes [46]. These findings are further supported by Wang et al. who, 
in a cohort of 286 patients who underwent an trans-psoas LLIF, demonstrated simi-
lar improvements in ODI and visual analog scale (VAS) back and leg pain scores 
between geriatric and non-geriatric patients at 1 and 2 years postoperatively [47]. 
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Finally, Saadeh et al. demonstrated no difference in 90-day complications between 
elderly and non-elderly patients who underwent 3D-guided trans-psoas LLIFs, 
although multilevel fusion was associated with increased complications. These 
studies demonstrate the relative safety and efficacy of trans-psoas LLIFs in elderly 
patients, supporting the continued use of this technique in geriatric patients. An 
example trans-psoas LLIF case is demonstrated in Fig. 22.3.

 LLIF (Pre-psoas)

First described by Mayer, the pre-psoas approach LLIF facilitates access to the 
intervertebral disc space by utilizing a corridor ventral to the psoas, between the 
psoas and the peritoneum. This technique is similar to the trans-psoas LLIF, but 
proponents suggest it minimizes risk of injury to the lumbar plexus. However, there 
remain the risks of vascular injury and postoperative sympathetic dysfunction. The 
pre-psoas LLIF is also not recommended for patients with severe spondylolisthesis 
and central canal stenosis [4]. There is a general paucity of data surrounding the use 
of pre-psoas LLIFs in elderly patients. In a study of 63 patients who underwent a 
pre-psoas LLIF, Chengzhen et al. demonstrated a significant reduction in numeric 
rating scale (NRS) and ODI scores in both elderly and non-elderly patients with no 
difference between groups. Similarly, they found no differences in complications 
between the two groups, highlighting the efficacy and safety of pre-psoas LLIFs in 
elderly patients [48]. However, while promising, additional studies with greater 
sample sizes are warranted to further validate these findings and more completely 
evaluate the use of pre-psoas LLIFs in elderly patients.

 PLIF

The PLIF was one of the original approaches for a lumbar interbody fusion. Some 
of the primary advantages associated with PLIFs are that many surgeons are com-
fortable performing it, and it allows for a posterior and anterior fusion through one 
incision in the back. However, it is also associated with a number of disadvantages, 
including injury to the paraspinal muscles, inadequate ability to restore lumbar lor-
dosis, and the potential for retraction injury of the nerve roots; these contribute to 
the reduced utilization of the technique in modern neurosurgical practice [4]. A 
study in 2006 by Okuda et al., including 101 patients with >3 years of follow-up, 
found that both elderly and non-elderly patients clinically benefited when compar-
ing their pre- and postoperative Japanese Orthopaedic Association (JOA) scores, 
with no difference between the groups. However, cage subsidence/graft bone col-
lapse and delayed union (delayed arthrodesis more than 1 year, but less than 2 years 
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a b

c d

Fig. 22.3 This case illustrates use of an L3–4 LLIF for treatment of adjacent segment disease in a 
patient with prior history of a L4–S1 posterior spinal instrumented fusion. (a) Preoperative 
T2-weighted sagittal magnetic resonance imaging (MRI) reveals stenosis at L3–4. (b) A corre-
sponding preoperative T2-weighted axial MRI image through the L3–4 disc space reveals central, 
lateral recess, and foraminal stenosis. (c) Preoperative sagittal CT image demonstrating loss of disc 
height and segmental lordosis at L3–4. (d) Postoperative sagittal CT image demonstrating 
increased disc height and a modest increase in segmental lordosis (from 4° to 12°) following 
L3–4 LLIF
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postoperatively) were more common in the elderly population. This may have been 
due to a higher incidence of low BMD in elderly patients, though this was not spe-
cifically explored in the investigation. A subsequent study by Hayashi et al. demon-
strated similar findings, with similar clinical outcomes between elderly and 
non-elderly patients, but a higher rate of bony non-union in elderly patients. 
Interestingly, they found no difference in osteoporotic vertebral fractures between 
the groups but saw a worsening of JOA improvement in elderly patients with osteo-
porotic vertebral fractures, again highlighting the importance of this comorbidity in 
older patients [49]. However, the presence of superior alternatives—which mitigate 
the risk associated with a midline approach and neural retraction—limits the appli-
cation of PLIF to the elderly.

 TLIF

The TLIF is one of the most commonly utilized approaches for lumbar interbody 
fusions. Like PLIFs, TLIFs are conducted from the posterior aspect of the spine. 
However, unlike PLIFs, TLIFs have a reduced risk of complications, including 
nerve root injury by utilizing a transforaminal, posterolateral-based approach. This 
avoids the neural retraction required of the PLIF. TLIFs can also be particularly 
useful if a patient requires direct decompression of a nerve root in addition to 
fusion, as a facetectomy is performed in order to facilitate a TLIF.  TLIFs have 
reduced ability to induce lordosis, however, limiting their utility in the some adult 
spinal deformity cases. The TLIF is acceptable for thoracic and lumbar levels 
including L5/S1. However, it has a higher pseudarthrosis rate at L5–S1 compared 
to ALIF. A number of studies have evaluated the use of TLIFs in elderly patients. In 
a study of 210 patients who underwent an open TLIF, Chung et al. demonstrated 
similar clinical benefit between elderly and non-elderly patients, but with higher 
rates of non-union and complications, including durotomy, postoperative delirium, 
adult spinal deformity, and instrumentation failure in elderly patients. This may be 
due to the increased invasiveness associated with open TLIF surgery as subsequent 
studies investigating minimally invasive (MIS) TLIF approaches have demon-
strated favorable outcomes with small, if any, differences between elderly and non-
elderly patients [50–52]. Because of this, MIS-TLIF may be preferred to open TLIF 
in the elderly. However, studies are limited by relatively low sample sizes, high-
lighting the need for larger studies investigating MIS TLIF techniques in elderly 
patients. Nevertheless, the TLIF remains a promising technique, especially as it 
allows for single-stage, same- position posterior segmental instrumentation to be 
placed during one operation and using the same incision. An example TLIF case is 
demonstrated in Fig. 22.4.
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a b c

Fig. 22.4 This case illustrates use of an L4–5 TLIF for degenerative spondylolisthesis in an 
elderly patient with osteoporosis. (a) Preoperative sagittal CT image demonstrating Meyerding 
grade 1 spondylolisthesis at L4–5. (b) Postoperative sagittal CT image demonstrating L4–5 TLIF 
with a modest increase in disc height without change in segmental lordosis (4° both pre- and post-
operatively). (c) Postoperative parasagittal CT image demonstrating cement augmentation of ped-
icle screw fixation, which was pursued given the patient’s osteoporosis

 Future Directions

Interbody arthrodesis plays an important role in the treatment of many spinal 
pathologies and will become increasingly utilized as the prevalence of these pathol-
ogies continues to grow with the aging population. Aging causes a general decline 
in physiologic reserve, organ function, and regenerative capacity [53]. As a result of 
this decline, and their higher incidence of medical comorbidities, such as diabetes, 
obesity, nutritional deficits, and osteoporosis, elderly patients represent a unique 
high-risk patient population that deserves careful consideration. Nevertheless, sur-
gical intervention, when appropriate, can significantly improve the lives of elderly 
patients [54]. Thus, a better understanding of risk factors and outcomes in these 
patients will aid surgeons in preoperative planning, patient counseling, optimization 
of eligible patients, and conservative management of those who are deemed “too 
high-risk.” In addition, surgeons should understand the interplay between specific 
surgical approaches, elderly patients, and outcomes.

As previously discussed, each approach to the intervertebral disc space has 
unique advantages and disadvantages with varying amounts of literature in elderly 
patients. One commonality across approaches was the low number of high-quality 
literature describing the approach and outcomes in elderly populations. Larger stud-
ies with long-term follow-up, and collected in a prospective manner, investigating 
each individual approach in elderly patients are required to more completely under-
stand associated outcomes and complications. These studies should include clinical, 
radiographic, and quality of life outcomes. Generating large enough patient cohorts 
may require the use of multicenter collaborations [55, 56]. Further investigation into 
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cage development and selection in elderly patients should also be performed. 
Similarly, there is also a paucity of research on the impact of graft materials and 
subsequent arthrodesis in elderly patients [57]. Cages with improved bioactivity and 
ability to stimulate bone growth and fusion will likely play an increased role in the 
care of elderly patients in the future, especially given their increased risk for 
osteoporosis.

Finally, a greater emphasis should be placed on understanding the biology behind 
how the aging process impacts spine surgery outcomes. Traditional risk stratifica-
tion scores, such as the revised cardiac index, have shown little predictive ability in 
spine surgery, highlighting the need for a better understanding of the underlying 
physiology in these patients [58]. Different scoring methodologies, such as frailty 
measures, may play an increased role in the preoperative risk stratification of elderly 
patients in the future and warrant additional consideration. Given the clear relation-
ship between certain comorbidities, such as osteoporosis, diabetes, and obesity, and 
complications, additional investigation into the screening and preoperative optimi-
zation of these variables should be performed for the elderly. Melding preoperative 
scoring systems and information on patient comorbidities with systemic biomark-
ers, such as c-reactive protein, with the ability to provide insight into a patient’s 
biological age or inflammatory state may also allow for improved risk stratification 
when utilized as a holistic view on a patient’s physiology [59, 60]. Nevertheless, 
there remains an important role of interbody arthrodesis for elderly patients, and 
outcomes will continue to improve as better technologies are developed.
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Chapter 23
Pedicle Screw Fixation

Connor D. Berlin, Parantap Patel, and Avery Buchholz

Indications for pedicle screw placement:

• Existing spinal instability: trauma, tumors, and infection
• Potential spinal instability: spondylolisthesis, wide destabilizing decompression, 

stabilization after osteotomy, and pseudoarthrosis
• Scoliosis correction

Contraindications:

• Pedicle instability or fracture
• Inadequate pedicle size or morphology
• Severe osteopenia (relative contraindication)

 History

The first application of sagittally oriented screws through the vertebral pedicle is 
widely attributed to Roy-Camille in the 1970s [1].This technique for spinal fixation 
was successfully utilized for the treatment of vertebral fractures, tumors, malunions, 
spondylolisthesis, and low-back pain disorders. Further studies by Louis (1986) 
using this pedicle screw fixation technique demonstrated high fusion rates in single- 
stage posterior and combined approaches in a review of 455 patients [2].With the 
advent of the pedicle screw also came the concurrent need for development of tech-
niques for connecting multiple pedicles screws at varying vertebral levels. 
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Roy- Camille, Magerl, and Steffee are all credited with developing different meth-
ods for connecting adjacent screws, utilizing either metal plates or external fixation 
techniques [1, 3, 4].

 Biomechanics

When pedicle screws are combined with plates or rods to form a rigid fixation con-
struct, force is applied to the spine by a fixed moment arm cantilever [5].The stable 
fixation technique allows biomechanical stressors to be distributed across all three 
vertebral columns which resists motion in all three planes [6]. This has laid the 
foundation for modern spinal fixation. This technique has also allowed for the incor-
poration of fewer normal spinal segments to stabilize an abnormal segment. Thus, 
pedicle screws have increased our modern capability for correcting spinal defor-
mity, decreased the need for external orthoses to stabilize the spine, and allowed for 
extensive nerve and cord decompression without threat of destabilizing the spine 
[7]. Although not universal, the use of pedicle screws has consistently demonstrated 
superior fusion rates compared to noninstrumented fusion [7].

Failure of these constructs can occur with axial loading, with the tips of the 
pedicle screw becoming more cranial angled while the screw head/rod construct 
translates caudally. Toeing-in the tip of the pedicle screw within the vertebral body 
may help to prevent such translocation [8]. However, it is more common for failure 
to occur at the screw-bone junction [5]. If a screw does pull out, break, or toggle 
in  location, it is usually due to inappropriate biomechanical application. In the 
elderly, considerations of osteoporosis and techniques to prevent pullout, break, and 
toggling are discussed in a separate section below.

 Screw Characteristics

Pedicle screws have a cancellous thread, with outer diameters ranging from 4.0 to 
8.5 mm or greater and typically lengths from 30 to 55 mm in 5 mm increments. The 
screw types can further be subdivided into self-tapping and non-tapping (in which 
case a separate tap is used to create threads with the pedicle for the screw threads to 
lock into) [5].

In general, the concept of pedicle screws is the same as those of all machined 
screws. The key to the screw strength is the inner (core) diameter. The cube of the 
core diameter is proportional to the torsional strength of the screw, or the force 
required to resist screw bending or breakage [9]. The outer thread diameter, on the 
other hand, affords the screw much of its pullout resistance, which is directly pro-
portional to the volume of bone between threads. Thus, pullout resistance can be 
modified by thread pitch (the distance between adjacent threads—cortical screws 
tend to have a smaller pitch and cancellous screws a larger pitch), thread lead (the 
distance a screw advances with each turn—in general threads that interface with 
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cortical bone have a smaller lead than threads that interface with cancellous bone as 
a smaller lead affords greater mechanical advantage required for cortical bone),thread 
design (“V” profile produces shear and compression forces, versus compression 
forces only from a buttress design), and thread length (with some systems having a 
smooth, thick screw neck to prevent fractures near the head of the screw where it is 
most likely to fail) [9]. The additional advent of polyaxial screw heads has made 
intraoperative connection to rods much easier, although these systems are still vul-
nerable to failure at the polyaxial head-neck interface [10].

 Pedicle Screw Insertion

 Pedicle Anatomy

The pedicle is the anatomic bridge between the posterior spinal elements and the 
vertebral body. It is composed of hard cortical bone on the outside and an internal 
cancellous core. In general, the pedicle is thicker in the sagittal axis (pedicle height) 
than it is in the transverse axis [9]. Therefore, for considerations of screw place-
ment, transverse pedicle screw thickness is an important consideration. In a study 
measuring pedicle diameters with CT, Bernard and Seibert demonstrated that 20% 
of pedicles were less than 7 mm at L2, 15.6% at L3, and 1.9% at L4, with no pedi-
cles less than 7 mm at L5 and S1 [5, 11]. Nonetheless, the use of preoperative CT is 
recommended to confirm pedicle size and plan screw selection as there are instances 
of pedicle diameters being much less (i.e., 3–4 mm) at some of the thoracic and 
higher lumbar levels.

Additionally, surgeons should note the degree of pedicle angulation. The trans-
verse pedicle angle decreases with caudal progression of the spine up until the lum-
bar spine, after which the angle increases [5]. The sagittal angle of the pedicle is 
relatively steep throughout the thoracolumbar spine, but less so at the lower lum-
bar spine.

It is important to recognize that the dural sac and intrathecal nerve roots are just 
adjacent to the medial pedicle in the transverse plane. In the sagittal plane, immedi-
ately below the pedicle is the neural foramen, with the nerve root positioned ven-
trally and cranially within. Thus, any medial or caudal violation of the pedicle can 
result in significant injury to neural structures.

Cervical Spine Although there are challenges to pedicle screw fixation in the cervi-
cal spine, some surgeons opt for this method compared to traditional lateral mass 
screws when technical experience and anatomy are favorable. Pedicle screw fixa-
tion in the cervical spine is biomechanically superior when compared to lateral 
mass screws [12]. Nevertheless, surgeons must be aware of dangers pedicle screws 
pose in the cervical spine, specifically the adjacent vertebral artery laterally or cer-
vical nerve root inferiorly. The correct entry point is below the facet joint, halfway 
between the medial and lateral margins of the lateral mass [13]. Laminotomies are 
optional to better visualize the margins of the pedicle [13] (Fig. 23.1a). Preoperative 
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planning is crucial, especially in cases of degenerative or rheumatoid changes to the 
posterior elements (as is often the case with elderly patients), a known risk factor for 
malpositioning of screws [14]. Medial-lateral inclination ranges from 30° to 60° 
between the midsagittal plane and the longitudinal axis of the screw, but is usually 
around 45° [13, 15] (Fig. 23.1b). Cranial-caudal angulation is typically perpendicu-
lar to the posterior elements’ axis, or parallel to the cranial endplate for C5, C6, and 
C7 pedicles and slightly cephalad for C3 and C4 pedicles [13, 15] (Fig. 23.1c). In 
addition to high-resolution computed-tomography of the cervical spine, some sur-
geons routinely perform four-vessel magnetic resonance angiography preopera-
tively to assess for aberrant vertebral artery morphologies [16].

Thoracic Spine In the thoracic spine, care must be taken to avoid medial breaches, 
which can result in spinal cord injury, and lateral breaches, which can result in 
significant vascular, lymphatic, pleural, or esophageal injuries. Particular care 
must be taken at the mid-thoracic levels, T3 through T9, which have the narrowest 
pedicles and the smallest distance between the spinal cord and the medial aspect 
of each pedicle [17]. Entry points can be subdivided into four groups: T1–T3, 
T4–T6, T7–T9, and T10–T12 [18] (Fig. 23.2). However, a commonly used entry 

a b c

Fig. 23.1 Cervical pedicle screw placement. (a) Cervical spine pedicle screw entry points after 
laminotomy, just below the facet, midway between the medial and lateral margins of the lateral 
mass. (b) Medial-lateral inclination is roughly 45° depending on the level, but in general decreases 
while progressing cranial to caudal. (c) Cranial-caudal angulation should be perpendicular to the 
axis of the posterior elements. (Reprinted with permission from AO Surgery Reference Online. 
URL: https://surgeryreference.aofoundation.org/spine/trauma/subaxial- cervical/basic- technique/
cervical- pedicle- screw- insertion#general- considerations)

Fig. 23.2 Thoracic pedicle screw placement. (a) In general, the entry point should be the center 
of a triangle formed by the pars interarticularis, the medial border of the transverse process, and 
the inferior border of the superior articular facet. (b) T1–T3 entry points are at the intersection 
of a horizontal line through the middle of the transverse process and a line slightly lateral to 
the center of the articular facet. (c) T1–T3 angulation is slightly medial and caudal. (d) T4–T6 
entry points are similar to T1–T3 but more cranial and medial. (e) T4–T6 angulation is nearly 
vertical. (f) T7–T9 entry points are even more cranial and medial. (g) T7–T9 angulation is ver-
tical. (h) T10–T12 entry points are at the intersection of the mamillary process and a vertical 
line. (i) T10–T12 angulation is vertical or slightly lateral. (Reprinted with permission from AO 
Surgery Reference Online. URL: https://surgeryreference.aofoundation.org/spine/deformities/
scheuermann- kyphosis/further- reading/pedicle- screw- insertion?searchurl=%2fSearchResults)
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point is the center of a triangle formed by the pars interarticularis, the medial bor-
der of the transverse process, and the inferior border of the superior articular facet 
(Fig. 23.2a) [19]. The entry point is more lateral and caudal between T1 and T6 
(Fig. 23.2b, d) and more medial and cephalad between T7 and T12 (Fig. 23.2f, h) 
[19]. Mediolateral inclination is dependent on the vertebral level and patient-spe-
cific anatomy, principles similar to those of the cervical spine [18]. Reported tra-
jectories approximate 30° for T1 and T2 and 20° for T3 through T12 [20]. Another 
useful rule is that screw angulation is slightly medial and caudal for T1–T3 
(Fig. 23.2c), almost vertical for T4–T6 (Fig. 23.2e), vertical for T7–T9 (Fig. 23.2g), 
and vertical/slightly lateral for T10–T12 (Fig. 23.2i). Cranial-caudal angulation 
can either be a “straightforward” trajectory, in which case the screw is parallel to 
the cranial endplate of the vertebral body, or an “anatomic” trajectory, in which 
case the screw follows the anatomic axis of the pedicle, thereby resulting in a more 
caudal positioning of the screw tip [18, 19]. Of special note, the “anatomic” trajec-
tory does necessitate a more cephalad screw entry point. Compared to the “ana-
tomic” trajectory, the “straightforward” trajectory is thought to be biomechanically 
superior [19]. These trajectories must be adapted to patient- and pathology-spe-
cific differences in pedicle size and angulations. Accordingly, the surgeon may 
find fluoroscopic, navigational, and robotic techniques to be helpful in fixation for 
complex pathologies.

Lumbar Spine The most widely used entry point for pedicle screw fixation in the 
lumbar spine is at the mamillary process, at the junction of the lateral facet and 
transverse process (Fig. 23.3a). Significant degenerative changes may necessitate an 
alternative entry point, in which case a more medial point at the inferior margin of 
the superior articular process may be used [21]. Similar to elsewhere along the 
spine, the angulation in the transverse plane is dependent on the vertebral level and 
patient-specific anatomy. The cranio-caudal angulation can follow either a “straight-
forward” or “anatomic” trajectory (Fig.  23.3b) [19]. Mediolateral inclination of 
screws should focus on avoiding superficial penetration of the spinal canal medially, 
and lateral/anterior perforation of the vertebral body cortex (Fig. 23.3c) [18].

 Pedicle Screw Insertion Technique

In general, the entry site is confirmed anatomically as above. It is then decorticated 
with a high-speed drill or rongeur. During the process of probing, tapping, and plac-
ing pedicle screws, the use of intraoperative fluoroscopy or navigation may be used 
to ensure proper trajectory. On fluoroscopy, lateral films help to guide the sagittal 
angle through the pedicle as well as depth of penetration into the vertebral body, 
whereas AP films can aid with medial-lateral inclination. Of note, normal short- 
segment pedicle screws should not penetrate greater than 80% of the vertebral body 
length on lateral films, as there is risk of ventral penetration beyond this (it is 
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a

c

b

Fig. 23.3 Lumbar pedicle screw placement. (a) Pedicle screw entry points in the lumbar spine are 
at the mamillary process. (b) Cranio-caudal angulation is generally aimed parallel with the contra-
lateral transverse process. (c) Mediolateral inclination should focus on avoiding superficial pene-
tration of the spinal canal medially, and lateral/anterior perforation of the vertebral body cortex. 
(Reference: Reprinted with permission from AO Surgery Reference Online. URL: https://sur-
geryreference.aofoundation.org/spine/deformities/scheuermann- kyphosis/further- reading/
pedicle- screw- insertion?searchurl=%2fSearchResults)

important to remember that the ventral surface of the vertebral body is convex and 
thus shorter on the sides than appears on lateral radiograph) [5].

After decortication, a curved or straight pedicle probe is used to create a path 
through the cancellous bone of the pedicle into the vertebral body. If a curved probe 
is used, it is initially pointed laterally while probing the pedicle down to roughly 
30 mm in order to avoid the central canal, after which it is rotated 180° so that the 
curve now points medially toward the inner vertebral body. Next, a ball-tipped 
feeler is introduced into the pedicle to ensure there is no medial, lateral, cranial, 
caudal, or ventral breech through the floor of the hole. For screws that are not self- 
tapping, this is followed by tapping the hole with a tap that is smaller in diameter 
than the anticipated screw. The tap is introduced generally at the depth of the pedi-
cle/vertebral junction. Tapping is then followed by screw placement, which again 
may be aided by the use of intraoperative fluoroscopy or navigation. After rod con-
nection, the fusion bed is prepared by decorticating around the screw heads along 
the transverse processes, facet joints, pars, etc. Bone graft is then packed into the 
fusion bed and the incision is closed in typical fashion.
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 Technical Advances

Screw Materials The most widely utilized screw material is titanium and its asso-
ciated alloys [22].Titanium confers several advantages to fixation systems, namely, 
biocompatibility, resistance to corrosion, and low density. Disadvantages include 
high elastic modulus, which causes stress shielding around the implant, and high 
radiodensity, which makes postoperative radiographic assessment of fusion difficult 
[23]. Recently, nonmetallic, carbon fiber-reinforced polyetheretherketone 
(CF-PEEK) pedicle screws have shown promise in reducing radiographic artifact 
while providing similar resistance to loosening as their titanium counterparts [22, 
24]. CF-PEEK screw anchorage is substantially improved with polymethylmethac-
rylate cement augmentation [24], a remarkably strong material commonly used for 
implants in osteoporotic bone [25].

Fixation Systems Notable recent advances in fixation systems as a whole include 
wedge-shaped anterior lateral interbody fusion cages with “ratcheting” function to 
increase angulation in situ, utilization of CF-PEEK for interbody grafts and screws, 
nanometric roughening of titanium-coated surfaces to improve cellular adhesion 
and bone ingrowth, and utilization of silicon nitride implants to improve implant 
antimicrobial activity and biointegration [7]. The recent introduction of robotics to 
spine surgery has also fueled multiple early investigations into the application of 
this technology for bony decompression, transforaminal lumbar interbody fusion, 
facet decortication, and anterior approaches to the spine [26].

Navigation Intraoperative navigation confers the advantage of more accurate 
screw placement and reduced postoperative revision rates when compared to free-
hand technique [27]. Current intraoperative verification technologies include real- 
time, image-guided infrared navigation, O-arm-based navigation, and conventional 
fluoroscopy [28]. More recently, some headway has been made in the use of artifi-
cial/augmented reality for verification, though applications of this technology are 
varied and remain in early stages [29].

Percutaneous Screws Percutaneous pedicle screw placements have consistently 
demonstrated numerous advantages compared to open placements, including 
decreased operative time, blood loss, postoperative pain, infection rate, and length 
of hospital stay [26]. Although used in a myriad of pathologies, percutaneous pedi-
cle screw placement in a degenerative setting typically requires the use of interbody 
grafting due to the limitation on posterolateral fusion options [7]. Recent develop-
ments of percutaneous screws with robotic assistance hold promise, demonstrating 
reduced length of hospital stays and radiation exposure compared to open 
fluoroscopy- guided screw placement [30].

Robotics There is not yet enough evidence to support the accuracy of robot- 
navigated pedicle screws over more traditional techniques. However, a recent 
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 meta- analysis did observe reduced postoperative revision rates with the use of a 
robot compared to freehand technique [27]. Although multiple robotics platforms 
have emerged over the past two decades, a steep learning curve exists for surgeons 
prior to achieving effective implementation of this technology into routine prac-
tice [26].

 Special Considerations in the Elderly

Osteoporosis Probably the most important consideration in the elderly for pedicle 
screw placement is bone quality. The prevalence of osteoporosis in Americans 
>50 years old is as high as 10%, and osteopenia as high as 44% [31]. This becomes 
particularly important for spine surgeons as poor bone quality is associated with 
increased risk of kyphosis, fracture, instrument failure, pseudarthrosis, and adjacent 
level disc degeneration [32]. Furthermore, patients undergoing spinal surgery are 
more likely to have osteoporosis/osteopenia than aged-matched controls, increasing 
the likelihood of encountering one of these potential complications [33]. Pedicle 
screw failures in osteoporotic patients are often from screw pullout or loosening 
[34–36]. As such, there has been an increased focus on developing strategies to 
reduce these risks.

Increasing Points of Fixation One possible option to overcome the relatively low 
density of osteoporotic vertebrae is to increase the number of fixation points uti-
lized. The addition of more fixation points can reduce the stress across any one point 
[37]. An optimal number of fixation points are three above and three below the apex 
of spinal deformity to be optimal, although this is not always possible [32].

Screw Selection Increasing the length or diameter of pedicle screws will naturally 
lead to larger forces required for pullout or screw loosening [9]. However, this also 
leads to an increased risk of fracture in already weakened bone [38, 39]. A pedicle 
screw that is tapered distally is believed to enhance fixation in the bone by com-
pressing the surrounding bone structure. This idea appears to hold true in both pre-
clinical models and postoperatively [38, 40–42]. Screw thread design and material 
makeup also play a role (see above section: Screw Characteristics). Taken together, 
the correct combination of screw length, diameter, thread design, tapering effect, 
and material makeup can substantially increase pullout strength and provide better 
rates of fusion and lower risk of instrumentation failure in the osteoporotic spine.

Screw Depth Increasing the depth of screw placement is an important factor for 
increasing pullout resistance. It appears that 80% pedicle screw insertion into the 
vertebral body is an appropriate balance to provide significantly increased pullout 
resistance (which significantly decreases with lesser penetration into the vertebral 
body) and avoid the risks associated with anterior perforation through vertebral 
body cortex [43]. Furthermore, it should be noted that the cancellous bone within 

23 Pedicle Screw Fixation



378

the pedicle is responsible for affording the pullout resistance in the pedicle, not the 
pedicle’s cortical bone [44]. In osteoporotic bone, bicortical penetration can further 
increase angular stiffness, although the theoretical risk of anterior cortex penetra-
tion is greater [45].

Screw Augmentations Osteoporotic effects on lumbar and thoracic vertebrae are 
almost exclusively found in trabecular bone [46]. Since the majority of thoracolum-
bar pedicle screws interface with trabecular bone, one option to improve screw pull-
out strength is to increase the density of trabecular bone. The use of bone cements 
or augmenting agents is one such technique. Cannulated or fenestrated screws allow 
for the injection of various substances that increase surrounding bone density and 
thus screw purchase. There have been several augmenting materials utilized that led 
to substantial improvements in pullout strength in both preclinical models and in 
patients. These include calcium phosphate, hydroxyapatite, and polymethylmethac-
rylate (PMMA) [47–49]. With regard to augmentation technique, pedicle screws 
augmented with kyphoplasty appear to have a stronger pullout strength than those 
with vertebroplasty or those augmented transpedicularly, although all techniques 
significantly improve pullout strength in osteoporotic bone [50, 51]. With regard to 
how much PMMA cement to use at each level, the data is inconclusive. Some stud-
ies cite significant increase in screw pullout strength with linear increase in amounts 
of cement from 0.5 to 4.5 cc, while other studies cite no change with these higher 
cement volumes [51]. In general, it would seem that cement volumes should be 
greater than 0.5 cc, but volumes greater than 5 cc are rarely indicated and theoreti-
cally increase the chance of neurological or cardiovascular adverse events.

Expandable Screws Preclinical studies of expandable pedicle screws have also 
demonstrated superior pullout strength in osteopenic or osteoporotic bone, although 
long-term clinical data is more scant [52, 53]. Such options may hold promise in the 
future with more clear evidence.

Screw Trajectory Another principle to reduce the risk of screw pullout is by alter-
ing the trajectory of the screw itself. If the screw threads can interface with more of 
the denser cortical bone, then pullout strength is theoretically increased [54, 55]. 
Toeing-in the screw by aiming it slightly more caudal in the sagittal plane will also 
aid in preventing screw/construct translocation from axial loading.

 Challenges

Misplaced Screws The most common complication associated with pedicle screws 
is misplacement, although the actual rate is variable among different studies and is 
reasonably user and system dependent. It is important to note that any type of pedi-
cle breech will result in decreased screw purchase and thus worsened pullout 
strength. Cranial breach of the pedicle screw will result in penetration of the 
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 intervertebral disc. Caudal misplacement can result in injury to the exiting nerve 
root or dura mater. Lateral misplacement can injure the surrounding viscera and 
segmental vessels. Medial misplacement risks injury to the spinal canal, including 
the thecal sac, spinal cord, or nerve roots depending on anatomical location.

Mechanisms of Failure Screw failure is usually designated by screw loosening, 
although the exact criteria for this are uncertain. Lack of good data on this metric in 
part stems from poorly defined clinical/radiographic standards for screw loosening. 
Nonetheless, it is generally accepted that screw loosening is associated with screw 
fracture, non-union, pseudoarthrosis, and progressive kyphosis [56]. In the majority 
of clinical cases, screw loosening is reported at <1% in non-osteoporotic patients 
[56]. This risk is increased in osteoporotic bone, reportedly 12.9% in the lumbar 
spine, although good meta-analyses are lacking [57].

Complication Rates and Safety Overall complication rates from pedicle screw 
fixation remain low, typically less than 3% [7]. These rates are higher in the setting 
of unstable injuries and in fixations at the cervical and mid-thoracic spines, where 
the pedicle morphology presents technical challenges [7]. Surgeons must be vigi-
lant to avoid medial and lateral breaches during placement, which may result in 
neurovascular or visceral injury. Additionally, traditional open approaches to pedi-
cle screw placement require extensive dissection and exposure of the posterior spi-
nal elements; lengthy operative times, extended blood loss, and increased infection 
rates are not uncommon [5]. Rigid fixation also has the potential to accelerate adja-
cent segment degeneration, known as adjacent segment disease. These known risks 
of pedicle screw placement are generally justified due to the enhanced fusion rate 
and associated risks of pseudoarthrosis using other fixation techniques or where 
bone quality/comorbidities decrease fusion likelihood [7, 58].

Accuracy Pedicle screw placement has generally been shown to be more accurate 
in computer navigated versus freehand placement [59–61]. This increase in accu-
racy may carry over to robot-navigated screws as well, although current data is still 
inconclusive [7, 61]. Nonetheless, significantly reduced postoperative revision rates 
are observed in both robot-guided and robot-navigated placements compared to 
freehand placements, demonstrating the potential advantage of these technologies 
when used correctly [27].

Learning Curve A known modifier to accuracy rates is surgeon experience, which 
manifests as a learning curve. Multiple single-surgeon studies have demonstrated a 
positive correlation between number of freehand pedicle screw placements and 
accuracy rates, regardless of the anatomical region [16, 62]. Consequently, some 
surgeons advocate for the placement of a defined number of pedicle screws under 
the close supervision of an experienced surgeon prior to independent placements 
[63]. In the setting of deformative, degenerative, or rheumatic changes, however, 
this learning curve may, in fact, be steeper, requiring a greater number of repetitions 
prior to achieving acceptable accuracy rates [63].
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 Alternatives

Lateral Mass Screws Lateral mass screws are considered less technically challeng-
ing to place in the cervical spine than pedicle screws and demonstrate good fusion 
outcomes, explaining their long-standing popularity among surgeons [12, 64]. 
Multiple entry points and trajectories have been described in the literature, all of 
which carry varying risks of injury to neural, vascular, and articular components, 
but the goal of achieving bicortical screw purchase is shared among these tech-
niques [64]. However, lateral mass screws have demonstrated biomechanical inferi-
ority in comparison to pedicle screws, and the surgeon must weigh the individual 
risks and benefits on a case-by-case basis [12].

Cortical Screws Cortical pedicle screws are intended to maximize thread contact 
with hard cortical bone, thereby increasing screw pullout resistance [65]. They are 
inserted at the inferomedial aspect of the pedicle and follow an inferior-to-superior 
and medial-to-lateral trajectory (Fig.  23.4) [7].Compared to traditional pedicle 
screws, cortical pedicle screws have demonstrated similar clinical outcomes and 
fusion rates, along with decreased blood loss and length of hospital stay [7]. 
Definitive clinical data on superiority is still lacking.

Transfacet Screws Transfacet screws may be equivalent to pedicle screw fixation 
with respect to rigidity; however, pedicle screws demonstrate superiority in axial 
rotation and lateral bending, with no difference in flexion and extension [7]. They 
follow a trajectory through the facet joint and are typically employed unilaterally as 
adjuncts to interbody fusion. Transfacet screws are difficult to place at higher lum-
bar levels due to more vertical facet joint orientations, a challenge that contributes 
to greater entry point inaccuracies at these levels [7, 66].

a b c

Fig. 23.4 Axial (a) and sagittal (b) schematics of pedicle screws versus axial (c) and sagittal (d) 
schematics of cortical screws and their respective trajectories. (Reference: From Chen Y, Deb S, 
Pham L, Singh H: Minimally Invasive Lumbar Pedicle Screw Fixation Using Cortical Bone 
Trajectory – A Prospective Cohort Study on Postoperative Pain Outcomes. Cureus 8(7): e714, 
2016. Reproduced with permission)
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Tanslaminar Fixation Similar to transfacet screws, translaminar screws are used 
as adjuncts to interbody fusion. In such constructs, they demonstrate either equiva-
lent or inferior rigidity in comparison to pedicle screws [7].Translaminar screws are 
usually used in T1 or T2 alternately to pedicle screws [67]. They are inserted on the 
contralateral inferior spinous process and follow a trajectory through the ipsilateral 
lamina and facet joint (Fig.  23.5). The first screw entry point should be slightly 
cranial to the spinolaminar junction as to allow for placement of the contralateral 
screw below it (Fig. 23.5a) [67]. The anterior/posterior placement should be planned 
in the central plane of the contralateral lamina (Fig. 23.5b) [67]. As transmittal of 
screw forces relies on an intact pedicle, any damage to pedicles precludes use of this 
screw type [67].

Adjunctive Pelvic and Sacropelvic Fixation Adjunctive pelvic fixation is typically 
performed in lumbrosacral constructs that start above L3, in order to minimize 
stress on sacral fixation points which contributes to failure and development of 
pseudoarthrosis [7]. It is also performed in cases of high-grade spondylolisthesis 
and global sagittal and/or coronal imbalance [68]. The iliac wing represents the 
screw entry point and the trajectory is directed toward acetabular cortical bone 
(Fig. 23.6). Alternatively, S2-alar iliac screws that traverse the sacroiliac joint may 
also be used (Fig. 23.6). This option has the advantages of in-line screw head posi-
tion with the remaining lumbrosacral pedicle screw construct, necessitating less 
dissection of the iliac wing. Furthermore, it may provide lower rates of screw frac-
ture and reoperation compared to iliac wing fixation, and overall lower rates of 
complications [7, 69].

a b

Laminar screws cranio-caudal placement Laminar screws anterior/posterior placement

Fig. 23.5 Translaminar screws. (a) Laminar screw placement should allow positioning of one 
screw cranial to the other. (b) Anterior/posterior placement should begin slightly cranial at the 
spinolaminar junction for the first screw, in the central plane of the contralateral lamina. (Reference: 
Reprinted with permission from AO Surgery Reference Online. URL: https://surgeryrefer-
ence.aofoundation.org/spine/trauma/subaxial- cervical/basic- technique/laminar- screws?searchurl
=%2fSearchResults#screw- entry- point)
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Traditional
entry point

Anatomic
entry point

Sacral
entry point

Fig. 23.6 Iliac screw entry points. The traditional entry point (left) is countersunk in the posterior 
iliac crest. The anatomic entry point (middle) is more caudal and medial to align better with the 
lumbar pedicles. The sacral entry point (right) is the inferolateral aspect of the S1 foramen. 
(Reference: Reprinted with permission from AO Surgery Reference Online. URL: https://sur-
geryreference.aofoundation.org/spine/deformities/spondylolisthesis/basic- technique/
insertion- of- iliac- screw?searchurl=%2fSearchResults)
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Chapter 24
Treatment of Spine Disease in the Elderly: 
Cutting-Edge Techniques and Technologies

Daniel B. C. Reid and Robert K. Eastlack

 Introduction

The modern history of spine surgery is intimately intertwined with the development 
and application of advanced radiographic imaging modalities. Widely utilized 
radiographic techniques for diagnosis and treatment of spinal pathologies include 
plain radiographs, computed tomography (CT), myelography, magnetic resonance 
imaging (MRI), nuclear medicine, dual-energy X-ray absorptiometry (DEXA), and 
whole-body imaging modalities such as EOS. Further adding to the complex nature 
of imaging in the spine, a wide variability of techniques and protocols exists within 
each subcategory. Astute spine surgeons, neuroradiologists, and other clinicians 
managing spinal diseases must effectively manage the ever-expanding universe of 
anatomic and functional data in ways which are evidence-based, cost-effective, effi-
cient, and patient-centered.

 Plain Radiographs

Plain radiographs have been a mainstay in diagnosis and treatment of musculo-
skeletal and spinal pathologies since shortly after their discovery by Wilhelm 
Röntgen in 1895 [1]. Today, plain radiographs are available widely, even in most 
resource- poor areas. In comparison to other modalities, they remain inexpensive 
and efficient. While plain radiographs clearly lack the ability of CT and MRI to 
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visualize bony structures in three dimensions or directly visualize soft tissues and 
neural structures, they nonetheless cheaply and efficiently provide critical infor-
mation on alignment, instrumentation, and dynamic stability. Furthermore, X-rays 
are reasonable and cost-efficient modalities for routine postoperative follow-up 
care [2, 3].

Despite progress in advanced imaging, plain radiographs continue to drive 
spinal diagnosis, treatment, and research. They are particularly useful in deter-
mining stability and flexibility (Fig. 24.1). For example, in patients with degen-
erative spondylolisthesis and spinal stenosis, the determining factor between 
isolated decompressive procedures and instrumented fusion is often segmental 
motion on flexion-extension films or comparison of standing plain films to supine 
imaging modalities [4–6]. Similarly, in patients being considered for correction 
of spinal deformity, preoperative bending films may help surgeons determine the 
most appropriate surgical plan [7]. Finally, the various pelvic and spinal param-
eters which are widely used to assess global and focal spinal balance are most 
commonly measured on plain radiographs, both in the literature and in clinical 
practice [8–12].

Notably, various techniques for optimizing the results of long-alignment radio-
graphs have been described. The supraclavicular placement of the hands by the 
patient during attainment of such imaging has been popularized as a method to 
reduce the artifact in alignment interpretation that may otherwise occur when lean-
ing on objects or holding on to bars. Importantly, long-alignment and lumbar radio-
graphs require the concomitant capture of both femoral heads in order to ascertain 
pelvic morphology parameters, such as pelvic incidence, as well as compensatory 
metrics like pelvic tilt. One of the challenges of standard radiography has been the 
inability to concurrently capture the position of the lower extremities. Given the 
importance of hip and knee flexion in altering spinopelvic parameters, most notably 
sagittal vertical axis, radiology technicians must be well-educated on the critical 
aspects of properly instructing patients during attainment of these radiographs. 
Newer technologies, such as EOS, which allow for full-body capture, allow for an 
improved awareness of these peripheral compensation or contributory alignment 
conditions.
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Fig. 24.1 Preoperative full-length standing anterior-posterior and lateral EOS films
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 Computed Tomography (CT)

The first CT was developed by Dr. Godfrey Hounsfield in the early 1970s [13]. In 
its most simple form, computed tomography utilizes a rotating X-ray source to cap-
ture radiographs at various angles to the body, and a computer to reconstruct the 
radiographs into cross-sectional images. This form of imaging has improved our 
ability to understand individualized bony anatomy from a three-dimensional per-
spective, enhanced the clarity over plain radiographs, increased the specificity and 
sensitivity for detecting fractures in trauma settings, and facilitated the intraopera-
tive use navigation and robotics in spine surgery [14–19]. While CT does provide 
some enhanced ability to visualize structures which may compress on neural ele-
ments, particularly if such structures are bony or calcified [20, 21], the direct visu-
alization of neural structures remains poor. CT myelography, in which contrast 
material is injected into the thecal sac prior to CT scanning, was developed to 
address this shortcoming. While still utilized for this purpose in patients unable to 
tolerate MRI, CT myelography is used less commonly today that in the past second-
ary to the widespread availability of MRI scanners (Fig. 24.2).

CT is often analyzed in conjunction with MRI to help differentiate between com-
pressive pathologies which are bony/calcified and those which are soft tissue in 
nature [20, 21]. Recent use of CT scans to determine bone mineral density at the site 
of proposed surgery by measurement of Hounsfield units has been proposed for 
determining safe upper instrumented vertebrae in cases of adult spinal deformity to 
prevent screw pullout and proximal junctional kyphosis [22–24].

Preoperative CT findings may lead to an alteration in surgical approach, and may 
enable safer surgical techniques, with less chance for unexpected intraoperative 
findings. Additionally, the supine nature of the imaging capture can afford the per-
spective of a relaxed spine and thus provide a sense of dynamic flexibility within the 
imaged regions that may further inform the surgeon regarding corrective techniques 
required to realign the spine. Vacuum disk changes within individual motion seg-
ments provide helpful insight into motion capacity and typically suggest less rigor-
ous requirement for inducing angular changes within those segments. Another 
important value of CT imaging is providing for better understanding of bony dys-
morphology, such as coronal wedging of vertebra, or sacral promontory obliquity, 
which may also impact the choice of reconstructive methods. Finally, because of the 
high-resolution bone resolution rendering, CT can also be helpful in selecting fixa-
tion options that will be ideal and feasibly deployed during surgery. Although intra-
operative CT is utilized in many centers for navigation while placing pedicle screws 
and other spinal instrumentation, its use remains controversial secondary to con-
cerns regarding increased cost, radiation exposure, and operating time compared to 
traditional freehand or fluoroscopic techniques [25–27].

CT has improved significantly over the years in many facets; however, it is not 
without its disadvantages. These include substantial radiation exposure, increased 
cost, inability to perform dynamic or standing studies, and a frequent reliance on 
radiology technicians rather than surgeons to determine appropriate planes for mul-
tiplanar reconstructions.
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Fig. 24.2 One-year postoperative full-length standing anterior-posterior and lateral EOS films
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 Magnetic Resonance Imaging (MRI)

MRI utilizes strong magnetic fields to induce polarization in hydrogen molecules, 
which are localized in space by magnetic field gradients and used to generate ana-
tomic imaging. While the MRI was first developed in the 1970s [28], it was not 
adapted for human use until the late 1980s and 1990s [29, 30]. MRI provides direct 
imaging of bone as well as soft tissue elements including disc spaces, cartilage, 
muscles, ligaments, and neural elements. As such, it has become the standard imag-
ing modality for diagnosis of most spinal pathologies. In addition to localizing areas 
of neural compression, further progress in magnet strength and resolution of MRI 
imaging over the years has allowed for better characterization and classification of 
degenerative spinal changes associated with pain and disability [31–33].

While it is generally thought of as less useful than CT for evaluation of bony 
structures, MRI may be superior when evaluating bone marrow and determining 
acuity of injury in cases of fracture [34, 35]. For the majority of spinal imaging, MR 
pulse sequences include T1, T2, and short-tau inversion recovery (STIR). These 
sequences are frequently reconstructed in axial, sagittal, and coronal views for 
review. Unfortunately, as with CT, the specific cutlines (gantry) utilized to deter-
mine the axial cuts are most commonly determined by radiology technicians and 
may not be applicable for the needs of a reviewing surgeon. T1-weighted imaging 
may be obtained before and after administration of gadolinium in the setting of 
recent surgery or concern for infection/tumor in order to increase study sensitivity 
[36–38]. STIR sequence imaging is often utilized to determine injury acuity, integ-
rity of the posterior osteo-ligamentous complex, and integrity of the anterior disco- 
ligamentous complex in the setting of suspected unstable spinal injury [34, 
35, 39–42].

An important advantage of MRI is its ability to visualize surrounding anatomic 
soft tissue structures which may be germane to preoperative planning. For example, 
an adequate and individualized understanding of the great vessels, peritoneal con-
tents, and iliopsoas anatomy is vital for safe anterior, oblique, and lateral approaches 
to the lumbar spine [43–46]. More advanced MRI modalities including dynamic 
MRI [47, 48], magnetic resonance myelography [49], magnetic resonance neurog-
raphy [50], and MR spectroscopy [51] have been described and may be helpful for 
specific indications. Nonetheless, routine MRI continues to be among the mainstays 
for diagnosis for the large majority of spinal conditions secondary to its availability, 
lack of ionizing radiation, direct view of neural elements, and high sensitivity.

The primary disadvantage of MRI includes potential incompatibility with certain 
metallic implants and foreign bodies. MRI in the setting of such devices may result 
in implant movement, increased implant temperature, and patient harm. While 
recent evidence has called such strict contraindications to MRI into question [52], 
few centers routinely perform MRIs on patients with non-MRI-conditional implants. 
Furthermore, a rare but potentially damaging complication of gadolinium contrast 
used with MRI in some patients, nephrogenic systemic fibrosis, has been described 
[53]. From a logistical standpoint, MRI examination of the spine typically takes 
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significantly longer to perform than plain films or CT, which may affect access and 
timely acquisition of imaging, especially in cases of trauma. Additionally, claustro-
phobia in MRI tubes is relatively common among patients and may affect the qual-
ity and/or availability of imaging for review [54, 55]. Other factors which may 
affect image quality for interpretation include magnet strength, operator experience, 
patient motion, and imaging artifact from implants. Stainless steel implants, in par-
ticular, are known to result in significant artifact; however, other materials may also 
result in varying levels of image degradation. Such artifact may severely compro-
mise the utility of spinal MRIs in patients with a history of spinal instrumentation, 
particularly if the area of concern is in the vicinity of said implants. Finally, MRIs 
have been shown to be highly sensitive for picking up anatomic abnormalities of 
which the clinical relevance is questionable. Degenerative pathologies seen on MRI 
do not always correlate with patient symptoms, and MRI findings are commonly 
clinically insignificant [32, 56, 57]. As such, a careful and evidence-based synthesis 
of MRI findings, clinical history, and physical examination remains important for 
clinicians determining optimal treatment options.

 Nuclear Medicine

The use of nuclear medicine in evaluation of the spine has historically been focused 
on evaluating spinal metastatic disease. Specifically, bone scintigraphy with techne-
tium 99 and 18F-fluorodeoxyglucose positron emission tomography (PET) imaging 
are commonly utilized, with other radiotracers available for niche indications [58]. 
Indium-111-labeled white blood cell tracers are also available and have shown high 
specificity but low sensitivity for detection of spinal infection [59, 60]. Recent use 
of single-photon emission computed tomography (CT-SPECT) scanning for evalu-
ation of discogenic and facet-mediated pain has been described, but its specificity 
and sensitivity for various degenerative spinal pathologies remain incompletely 
understood [61–63]. Recently, there have been reports of utilizing SPECT to pro-
vide guidance on selective fusions within the context of spinal deformity, which 
may lead to more cost-effective and less morbid applications of surgical interven-
tion [64].

 Dual-Energy X-Ray Absorptiometry (DEXA)

As opposed to the modalities discussed earlier in this chapter, DEXA scans do not 
provide especially relevant anatomic information. Rather, they are utilized to deter-
mine bone mineral density and diagnose osteopenia and osteoporosis, which is of 
critical importance when planning deformity surgery in the elderly. DEXA scores 
are typically reported in T-scores which refer the standard deviation of a patient’s 
bone mineral density compared to a young adult at peak bone health of the same 
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gender [65]. Generally, osteopenia is defined by a T-score of −1.0 to −2.5, whereas 
osteoporosis is defined by a T-score below −2.5 [65]. Such information is especially 
useful for those caring for patients sustaining fragility fractures as well as those 
planning for surgery requiring spinal instrumentation. Common targets for DEXA 
scanning include the lumbar spine, hip, and wrist. Importantly, clinicians should be 
aware of and account for the fact that the reported bone mineral density may be 
artificially elevated in areas of osteoarthritis. This is especially relevant to spine 
surgeons, as the lumbar spine DEXA score may be reported within normal limits, 
while the patient scores in the osteopenic or osteoporotic range in the hip or wrist. 
Furthermore, because concomitant lumbar spine and hip arthritis is common, 
DEXA scans of the wrist may provide the most accurate assessment of bone mineral 
density in many spine patients [66].

Patients being treated for fragility fractures, including spinal compression frac-
tures, should undergo an assessment of their bone mineral density as part of routine 
preventative measures against further fragility fractures [67, 68]. DEXA scanning is 
also useful in preoperative planning prior to instrumented spinal fusion cases. 
Patients with osteoporosis may benefit from medical treatment, particularly with 
anabolic agents, prior to surgery [69, 70]. Even in patients who are not candidates 
for preoperative treatment of osteoporosis, such knowledge may result in alteration 
of surgical plans. Longer fusion constructs, vertebroplasty, ligament augmentation, 
hook fixation, and terminal rod contouring, for example, have all been proposed to 
prevent proximal junctional kyphosis in adult spinal deformity patients with poor 
bone quality [69, 71].

 Full-Body Imaging and EOS

The importance of the use of full-length supine and standing spinal films for accu-
rate evaluation of global sagittal and coronal alignment has been known for some 
time [72–74]. Furthermore, a recent expansion in evidence-based literature quanti-
fying the important role of the hips and lower extremities in determining global 
spinal alignment, balance, and function has increased interest in evaluating the 
spine and lower extremities in unison [75–78]. However, until recently, the ability 
to obtain full-body imaging efficiently and effectively was largely unattainable at 
most institutions. The recent advent of the EOS imaging system (EOS Imaging, 
Paris, France) has shifted this paradigm. The EOS imaging system is a low-dose 
biplanar digital X-ray system. It consists of a booth in which the patient is posi-
tioned either standing, sitting, or both. Two biplanar X-ray sources move together 
with their associated detectors to scan the patient simultaneously. This allows for 
full-length 2D sagittal and coronal images of the whole body with significantly less 
distortion (e.g., parallax) than traditional radiographs [79]. Furthermore, because 
the booth is calibrated and the AP and lateral images are obtained simultaneously, 
stereoradiography can be utilized to create 3D reconstructions of the spine and 
lower limbs [79, 80]. The patient’s radiation dose is thought to be 50–80% lower 
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than with conventional radiographs [79], which may be clinically relevant in young 
patients and those requiring frequent X-rays. Software-based calculations of spinal 
parameters are also available and have been shown to be similar to manual measure-
ments by surgeons [81–83]. The effect of gravity on global and focal spinal align-
ment as determined by comparison of supine to standing imaging has been described 
and is important for surgeons when evaluating dynamic spinal instability, flexibility 
of curves, and dynamic loss of disc height [84]. Such comparisons have been shown 
to alter management of multiple spinal pathologies [4, 84–88]. Because EOS imag-
ing is typically obtained in an upright (standing or sitting) position, the imaging 
may be compared to supine imaging in order to understand the effect of gravity on 
spinal pathology. A recent study comparing standing EOS films to supine CT scans 
in adult spinal deformity patients found that standing position resulted in signifi-
cantly greater mean cobb and rotational angles in the major curve, more loss of 
lumbar lordosis, and increased pelvic tilt [84].

Shortcomings of EOS include a lack of detail for focal segments secondary to 
decreased radiation dosage protocols. Thus, in cases in which detailed views of 
focal pathology are necessary, targeted radiographs are still often required.

 Conclusion

The advancement in diagnosis and treatment of spinal disease has occurred in tan-
dem with the development of novel imaging techniques. The complexity inherent to 
managing spinal conditions is accompanied by a complicated armamentarium of 
imaging options. Clinicians treating patients with spinal pathology must assess 
diagnostic accuracy, cost, efficiency, invasiveness, and availability of various imag-
ing modalities to provide the best care to their patients. While this task is fundamen-
tally challenging and requires lifelong learning to keep up with technologic and 
evidence-based advancement, it is undeniably crucial in the care of our patients.
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Chapter 25
Robotics and Navigation

Robert M. Koffie, S. Harrison Farber, Jakub Godzik, and Juan S. Uribe

Abbreviations

CT Computed tomography
TLIF Transforaminal lumbar interbody fusion

 Introduction

The complexity of spinal pathologies seen in elderly patients is increasing. 
Fortunately, various surgical and nonsurgical technologies to help treat these 
patients have also emerged. Some of the technologies build on what has been known 
for decades, making surgery more efficient and safer. Others, such as robotics, have 
been repurposed and adapted from other medical subspecialties into spine surgery 
to help patients. Elderly patients, who have a higher risk of complications from 
spine surgery than other patients, can benefit the most from technologies that 
improve the accuracy, precision, and safety of surgery. Here we review a subset of 
these technologies.
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 Minimally Invasive Spine Surgery

Elderly patients are typically not able to easily tolerate large open operations, which 
are often accompanied by high-volume blood loss and intraoperative complications. 
Tubular approaches to the spine have made simple but necessary surgical proce-
dures that are often required by elderly patients, such as spinal decompressions and 
fusions, safer. Tubular decompressions, whether laminectomies or diskectomies, 
have become the preferred surgical approach in elderly patients with degenerative 
spinal stenosis. Tubular technology allows surgeons to localize directly on the target 
pathology and, with serial dilations and minimal tissue distraction, surgically 
address the pathology with minimal injury to surrounding tissues, which promotes 
rapid recovery. Tubular approaches to the spine have been demonstrated in cervical, 
thoracic, and lumbosacral pathology [1–4]. The tubular approach has also been 
extended to interbody fusions. The minimally invasive transforaminal lumbar inter-
body fusion (TLIF) technique allows direct and indirect decompression and fusion 
of the spine through a small incision. The minimally invasive TLIF technique is 
associated with shorter operating room time, less blood loss, and improved out-
comes compared to the open TLIF operation [5].

Another innovative technique for treating elderly patients with lumbar pathology 
involves the lateral access operation using minimally invasive techniques. Lateral 
access to the spine traditionally has required large “shark bite” incisions, which are 
often associated with bowel and large-vessel injury as well as lumbar plexus inju-
ries. With the development of innovative minimally invasive retractors and highly 
sensitive neuromonitoring paradigms, lateral access surgeries are associated with 
less morbidity and greater safety [6]. Lateral lumbar interbody fusion, which is 
effective at treating spondylolisthesis, adjacent level degeneration, and other spinal 
pathologies that are prevalent among elderly patients, has also become very safe and 
efficient when used to indirectly decompress nerve roots and fuse diseased seg-
ments [6].

 Navigation and Image Guidance

Elderly patients typically present with symptoms associated with changes in the 
spine that are not easy to understand anatomically. Age-related degeneration is asso-
ciated with osteophyte formation in unusual locations of the spine, which can pose 
a challenge when operating without image guidance. The development of naviga-
tion has therefore increased the safety of many spine operations in elderly patients, 
particularly patients with adult degenerative spinal deformity. Computed tomogra-
phy (CT)-guided navigation allows the surgeon to quickly obtain intraoperative CT 
images and then use fiducial markers during surgery to guide and obtain direct ana-
tomical information about the spinal pathology. Navigation provides a facile way to 
place pedicle screws with better accuracy, decompress the spine, and perform 
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complex osteotomies with laser-focused accuracy. The ease of using intraoperative 
navigation in spine surgery has led to the birth of robotic spine surgery, which prom-
ises to be the future of spine surgery.

 Robotic Spine Surgery

The use of robotic systems in surgical fields continues to evolve [7]. Robotics have 
been used for years in general surgery and in specialties such as urology and gyne-
cology, where it has become a standard of care for procedures such as prostatecto-
mies and hysterectomies [8–10]. The adoption of robotics technology in spine 
surgery was very slow until recently, when the use of navigation allowed robotic 
technology to add enormous value [11]. Among the multiple applications of robot-
ics, the use of robotics for pedicle screw placement during simple and complex 
spine operations appears to be growing.

In elderly patients with degenerative processes such as lumbar spondylolisthesis, 
treatment entails instrumented fixation, which often requires the placement of ped-
icle screws. Techniques for pedicle screw placement were first described in the late 
1950s and have evolved substantially over the years. Historically, placement of 
pedicle screws required a careful open technique with tissue dissection to allow 
anatomical visualization of critical spinal structures, such as the transverse process, 
pars interarticularis, and facet, for screw placement. Since then, the technique has 
undergone significant technical advances, including the description of open and per-
cutaneous approaches using a variety of navigated techniques [12–17]. The evolu-
tion of minimally invasive spine techniques and navigation has now made 
percutaneous screw placement possible, opening the door for the use of robotics in 
spine surgery.

Pedicle screw malposition can lead to serious adverse complications, including 
nerve or cord injury, cerebrospinal fluid leak, vessel injury, the need for reopera-
tions, and worsening patient outcomes. Although these issues can be addressed with 
relative ease in younger patients, elderly patients experience much worse outcomes 
when such complications occur because of screw malpositioning [18]. Accurate 
screw placement is therefore of utmost importance to reduce iatrogenic complica-
tions and to improve surgical outcomes in all patients, but this is critical in elderly 
patients.

Although open surgical techniques make it relatively easy to place pedicle 
screws, such techniques require a large incision, which is associated with greater 
blood loss and risk of intraoperative complications. Thus, elderly patients may ben-
efit from less invasive approaches for spinal fixation, such as percutaneous pedicle 
screw placement. Accuracy of percutaneous pedicle screw placement depends 
largely on adequate imaging and intraoperative accuracy of localizing the screw 
trajectory, which makes the use of robotics very exciting.

To be adopted, any new technology for pedicle screw placement must have simi-
lar or better performance when compared to available techniques, such as open 
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freehand, fluoroscopically assisted, or CT-assisted screw placement. Robotic sys-
tems offer the theoretical advantage of automating inherently repetitive tasks that 
are subject to human error, thereby increasing accuracy and precision during pedicle 
screw placement; however, robotics is not yet widely adopted, and a learning curve 
is required to perfect the robotic pedicle screw placement technique. Early reports 
of the use of robotic technologies in spine surgery have shown equivalent accuracy 
compared with other methods of screw placement [17]. Below we summarize the 
operative techniques and nuances, as described elsewhere [19].

 Operative Technique

Robotic systems are most useful in thoracolumbar fusion, where anatomical vari-
ants make it challenging to navigate screw placement. As robotic systems are 
becoming more prevalent, they are also being used to place pedicle screws in rou-
tine and simple cases with accuracy. Robotics also can be incorporated into lumbar 
fusion procedures, including lateral lumbar interbody fusion [20] and TLIF [21]. 
Robotic techniques can be used for percutaneous pedicle screw fixation or as a 
complement to the open technique when it is difficult to identify critical anatomical 
structures, as required to place a screw safely with the freehand technique.

As we have described elsewhere [19], patient positioning and operating room 
setup are shown in Fig. 25.1. After the patient is prepped and draped in the usual 
sterile fashion, two bilateral subcentimeter incisions are made over the posterior 

a b

Fig. 25.1 Surgical workflow. The robotic system is placed opposite to the scrub table to simplify 
draping and ease of access, and the patient is placed in either a prone position with the surgeon 
standing opposite the robot (a) or a lateral decubitus position with the surgeon standing on the 
same side as the robotic arm (b). Used with permission from Barrow Neurological Institute, 
Phoenix, Arizona
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superior iliac spine. The dynamic reference base array and the surveillance marker 
are then affixed to the posterior superior iliac spine bilaterally with a superolateral 
trajectory for navigation. Intraoperative CT registration is then attached to the 
dynamic reference array and an intraoperative CT is obtained using an O-arm 
(Medtronic; Dublin, Ireland). The patient’s intraoperative images are then co- 
registered to the patient’s preoperative imaging, which aids in creating a trajectory 
plan. Preoperative CT can also be used to plan the trajectory of the pedicle screws, 
which can then be confirmed using intraoperative images during surgery (Fig. 25.2). 
The robotic end effector arm moves into position to guide all movements along this 
planned trajectory with all subsequent steps performed through the end effector arm.

With regard to the step for actually placing the screw, a stab incision is made, and 
the Bovie electrocautery is used to dissect through the subcutaneous tissue and the 
fascia, making the fascial incision slightly medial to the skin incision. Using a high- 
speed drill with a bur, a small pilot hole is placed on the bone at the screw entry 
point, which prevents skiving of the drill off of the cortical bone and allows uninhib-
ited entry into cancellous bone. Tapping, which is an optional step, can be per-
formed using a navigated tap that matches the planned trajectory. The pedicle screw 
can then be placed through the tapped corridor using navigation. A force meter is 
also available to the surgeon to confirm that an appropriate amount of force is 
applied during the placement of the pedicle screw. The correct position of the 
pedicle screw is then confirmed by the robotic system and subsequently confirmed 
by intraoperative CT.

a b c

d e f

Fig. 25.2 Screw planning and accuracy assessment. Left L4 screw placement is planned using 
intraoperative software in sagittal (a) and axial (b) planes. The screw trajectory is lateral to medial 
to facilitate purchase along the medial pedicle wall. The crosshairs indicate the screw tip. 
Postoperative sagittal (c) and axial (d) CT scans demonstrate screw placement without a medial or 
lateral breach. Accuracy is assessed using image overlay analysis between preoperative planning 
and postoperative sagittal (e) and axial (f) CT scans, which show minimal error with a near-overlap 
of the planned trajectory and the resultant screw. Used with permission from Barrow Neurological 
Institute, Phoenix, Arizona
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 Pedicle Screw Placement Accuracy

Pedicle screw placement accuracy is very important in all patients, but even more so 
in elderly patients. Most elderly patients have degenerative changes and osteophytes 
that can affect the usual plans for traditional pedicle screw placement. Furthermore, 
because of the low bone density of elderly patients, screw accuracy is very impor-
tant insofar as these patients do not tolerate reoperations well, least of all a reopera-
tion for screw placement issues. Classification systems have been developed to 
determine the accuracy of screw placement after a robotic system has been used. 
The most commonly used classification system is the Gertzbein-Robbins classifica-
tion [22]. Pedicle screw placement using robotic systems generally has very high 
accuracy, with literature reporting rates from 94% to 98% [23–28], which is supe-
rior to the accuracy achieved with a freehand technique. One randomized controlled 
trial compared pedicle screw placement using the robotic system versus a freehand 
technique and found that 93% of pedicle screws placed with the freehand technique 
were Gertzbein-Robbins A or B, compared with 85% for those placed with the robot 
[29]. A meta-analysis that included ten studies found that robotically assisted pedi-
cle screw placement performed better than freehand screw placement in terms of 
“perfect accuracy” (odds ratio 95% confidence interval: 1.38–2.07; P  <   0.01) as 
well as “clinically acceptable” (odds ratio 95% confidence interval: 1.17–2.08; 
P  <  0.01) [30]. Two other meta-analyses reported similar results, showing increased 
accuracy of robotically assisted pedicle screw placement compared with freehand 
screw placement [17, 31]. A more recent meta-analysis that included nine random-
ized controlled trials with a total of 696 patients also found the accuracy of pedicle 
screw placement to be higher with use of robotic systems than with freehand tech-
niques, although results varied on the basis of the different robotic systems used [32].

 Operative Time

One disadvantage of using current robotic systems for pedicle screw placement is 
the longer operative time observed with the robotic systems. Several investigators 
have reported [33–35] that increased operative times were associated with robotic 
systems. Given the extra steps required to ensure accuracy, this finding is not sur-
prising. However, as robotic systems continue to evolve with new updates, the 
amount of time needed to place pedicle screws is decreasing. Another factor that 
underlies the inherently longer time required to place pedicle screws using a robot 
is the steep learning curve associated with using this technology, which is expected 
to improve as the use of robotics for spine surgery becomes commonplace [36, 37].
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 Radiation Exposure

Although using robotic systems for pedicle screw placement is associated with lon-
ger operative time, the system decreases radiation exposure to surgeons, operating 
room staff, and patients. With robotic system use, the surgeon is not exposed to the 
initial (preoperative or intraoperative) CT, and only minimal intraoperative radia-
tion is used during the fluoroscopic portion of the operation. When intraoperative 
CT is used, no additional fluoroscopy is required for registration. Studies have 
indeed validated that use of robotics decreases radiation exposure [38] both on a 
per-screw basis and with respect to overall radiation exposure [39, 40]. For exam-
ple, in one randomized controlled trial, radiation exposure to the surgeon was found 
to be ten times lower during robotic procedures compared with fluoroscopy-guided 
screw placement, which adds enormous value when extrapolated across the career 
lifespan of a surgeon [33].

 Conclusions

Robotic systems can increase the accuracy of pedicle screw placement, decrease the 
amount of radiation exposure to the surgeon, and decrease the need for reoperation 
for pedicle screw malpositioning. Given the steep learning curve required to perfect 
the robotic technique, using robotics in spine surgery is currently associated with a 
longer operative time. Nonetheless, as the robotic technology evolves, the systems 
will inevitably become more user-friendly and intuitive, hopefully decreasing the 
operative time required to use them. The use of robotics may also extend beyond 
pedicle screw placement to include techniques such as decompressions and osteoto-
mies. These advances in robotics and minimally invasive spine surgery will comple-
ment the progress that has been made in treating elderly patients with spinal 
pathologies and will greatly improve how we care for our elderly spine patients.
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Chapter 26
Awake Spine Surgery in the Elderly

Clayton L. Haldeman and Michael Y. Wang

 Introduction

The first awake, minimally invasive spine (MIS) procedure was, arguably, reported 
in 1958 by Ralph Cloward in his early description of anterior cervical discectomy 
and fusion [1]. He describes a muscle-sparing approach which he first performed 
awake on a “stoic” individual. Since that time, indications and techniques for MIS 
surgery have greatly expanded, and improvements in tools and technology have 
made awake surgery safer and more comfortable for patients [2]. More recently, 
awake spinal surgery has been incorporated into an entire suite of care known as 
Enhanced Recovery After Surgery (ERAS), a multimodal system designed to 
reduce the impact of surgery on patients resulting in earlier mobilization and 
decreased length of stay [3]. These techniques have the potential to ease the burden 
of surgery in all patient populations; however, they have the potential to be espe-
cially powerful in the elderly, who are disproportionately impacted by general 
anesthetics.
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 History and Impetus

Concerns over the harmful effects of general anesthesia have been growing during 
the last decade, particularly in two patient populations—the young and the old [4, 
5]. Multiple studies have raised the specter of long-term cognitive impairment in 
children as a result of exposure to general anesthetics [6–8]. These concerns culmi-
nated in 2016 when the FDA issued a public warning urging healthcare providers to 
“balance the benefits of appropriate anesthesia in young children and pregnant 
women against the potential risks, especially for procedures that may last longer 
than 3 h or if multiple procedures are required in children under 3 years” [9].

As the structure and reserve capacity of all organs diminish over time, the adverse 
effects of general anesthesia in geriatric population can be multiple. In a study of 
367 patients who underwent general anesthesia over the age of 80, 25% developed 
adverse postoperative outcomes, and the mortality rate was 4.6% [10]. Postoperative 
delirium is one of the most common concerns for elderly undergoing general anes-
thetic, and the incidence is estimated to be at around 30% [11]. Initially thought to 
be transient, evidence is mounting that delirium can have long-term morbidity in 
this population and can result in an inability to return to independent living [12]. For 
elderly patients with preexisting coronary artery disease or a history of heart failure, 
adverse cardiac outcomes and in-hospital and out-of-hospital 90-day mortality are 
increased. Pulmonary complications are also disproportionately increased in the 
elderly population and range from 5 to 10%. Postoperative pneumonias are the most 
common event; however, pulmonary embolism, acute respiratory distress syndrome 
(ARDS), and need for reintubation following surgery also occur.

Among the elderly population, spine surgery is one of the top five procedures 
performed [13]. Despite growing concern from the harmful effects of general anes-
thesia mentioned above, the majority of elective spine surgery is performed under 
general anesthetic. This likely has to do with multiple factors, including custom and 
the desire to secure the airway for procedures planned in the prone position, anes-
thesiologist’s comfort or familiarity with the technique, surgeon’s perception of 
compromised surgical technique or concerns for surgical time length, limitation on 
neuromonitoring, or patient preference [14]. However, awake spinal surgery is not a 
new concept. The use of spinal anesthesia for lumbar spine surgery was first 
described in 1959 by Ditzler et al. in a review of 20 years of experience operating 
on 766 patients who received either laminectomy, discectomy, or fusion [15]. They 
concluded that “spinal anesthesia in these operations neither complicates nor 
adversely effects the postoperative results.” While general anesthetic techniques and 
safety have improved vastly since 1939, there remain multiple potential benefits to 
this approach. Without general anesthetics, the patient maintains spontaneous respi-
rations, thus avoiding the need to instrument the airway. The decreased thoracic 
pressure from spontaneous ventilation (compared to mechanical) has the potential 
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to reduce blood loss as well [16]. Additionally, the use of spinal anesthesia for lum-
bar spine surgery is associated with a lower incidence of intraoperative hypertension 
and tachycardia, reduced opioid and other analgesic requirements in the PACU, less 
postoperative nausea and vomiting (PONV) at 24 h, and a shorter hospital length of 
stay compared with general anesthesia [17]. While waking from general anesthesia, 
patients may have mental confusion and temporary alterations of sensory and motor 
function [18]. Blood pressure changes, electrolyte disturbances, and resulting car-
diac dysrhythmias can also occur during emergence from general anesthesia. As 
such, general anesthesia may be contraindicated in certain patients, particularly in 
the elderly or those with multiple comorbidities.

 Enhanced Recovery After Surgery

ERAS, initially developed in Denmark, gained momentum in the 1990s with the 
goal of integrating multidisciplinary, perioperative care programs. The ultimate aim 
of this effort was to reduce the length of hospitalization after elective abdominal 
surgery through integrated approaches to maintain cardiovascular, pulmonary, neu-
rological, gastrointestinal, and endocrine homeostatic functions [19, 20]. See Chap. 
6 for a full discussion and history of ERAS. Below, we will review its implementa-
tion at University of Miami, specifically for minimally invasive transforaminal lum-
bar interbody fusion (MIS TLIF). This operation was chosen due to the widespread 
application of this technique, its versatility for treating diverse lumbar spine pathol-
ogies, and its existing development as an MIS approach. There are six core compo-
nents (Table 26.1).

Table 26.1 Adverse events associated with use of general anesthesia in the elderly [10]

Organ system Adverse events

CNS Stroke, delirium
Cardiovascular Myocardial infarction, arrhythmia, heart failure, intraoperative hypotension/

hypertension
Pulmonary Pulmonary embolism, ARDS, pneumonia, reintubation
Renal Acute kidney injury
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 Anesthetic Technique

Conscious sedation for awake spinal surgery consists of a continuous infusion of 
propofol and ketamine. Supplemental oxygen is delivered via nasal cannula. 
Medications are titrated to achieve a moderate sedation level. The optimal level of 
sedation is one where patients are kept comfortable but maintain spontaneous ven-
tilation and respond purposefully to verbal or noxious stimuli. Gabapentin 600 mg 
is given orally prior to surgery and 1 g IV Tylenol is given immediately postopera-
tively with the goal of decreasing the need for narcotics after surgery (Table 26.2). 
Ondansetron, glycopyrrolate, and oxymetazoline nasal spray are all given preopera-
tively to prevent intraoperative emesis and epistaxis that would force conversion to 
general anesthesia. For lumbar fusions, a thoracolumbar interfascial plane (TLIP) 
block is performed with liposomal bupivacaine prior to the creation of any soft tis-
sue tract [21]. Injecting prior to any muscle trauma maintains a pressure gradient 
and allows for more efficient diffusion and delivery of the drug. No opioid medica-
tion or additional spinal, epidural, or general analgesic is used (Table 26.3). As the 

Table 26.2 Six components of awake MIS TLIF

Component Advantages Disadvantages
FDA 
clearance

Working channel 
endoscope

8 mm incision, allows for a 
formal discectomy and clear 
visualization

Limited decompression 
capability, capital equipment 
cost, learning curve

On-label

Awake surgery Patient neuromonitoring, limited 
anesthetic side effects, minimal 
disturbance of homeostasis

Limited working time, 
airway not secured, learning 
curve for anesthetist

On-label

Expandable cage Implantable through 8 mm tract, 
increased foraminal height, 
spinal alignment correction

Cage resorption and 
subsidence, risk of bone 
allograft, not available in all 
countries

Off-label

BMP Robust osteogenesis, no need for 
autograft

Heterotopic bone formation, 
cost, question of 
teratogenesis

Off-label

Small caliber 
percutaneous 
screws

Premium implant cost Learning curve On-label

Liposomal 
bupivacaine

72 h of local anesthesia, reduced 
narcotic and NSAID use

Cost, risk of intrathecal 
injection

Off-label

Table 26.3 Medications

Pre-op Intra-op Post-op

Gabapentin 600 mg
Ondansetron
Glycopyrrolate
Oxymetazoline nasal 
spray

TLIP block with liposomal bupivacaine 
prior to any incision
Propofol infusion
Ketamine infusion

Tylenol IV 1 g immediate 
post-op
Gabapentin, tramadol, 
Tylenol
Avoidance of narcotics
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patient is positioned prone without an advanced airway, the experience and comfort 
level of the anesthesia team are critical to this technique. Continuous patient moni-
toring and communication between surgeon and anesthesiologist allow for the 
safety and success of the procedure. In addition to avoiding the complications of 
general anesthesia, awake surgery has the advantage of immediate feedback via 
painful stimuli if there is any irritation of nerve or dorsal root ganglion, thus provid-
ing real-time nerve monitoring without the need of a neurophysiologist.

 Surgical Technique (See Video 26.1)

The patient is awake and therefore able to position himself on the Jackson table in a 
comfortable position, minimizing the possibilities of peripheral nerve injury or 
pressure ulcers (Fig. 26.1). Kambin’s triangle is accessed on the symptomatic side 
[22] (Fig. 26.2). A series of successive dilators is used to dilate the tract up to 8 mm, 
which is the size of the working cannula of the endoscope (joimax). The disc space 
is entered and unpacked with a pituitary rongeur (Fig. 26.3). Fluoroscopic shots are 
taken intermittently to confirm the depth and location of instruments as needed. A 
series of manual drills, automatic steel brushes, and cutting instruments are used to 
perform an efficient discectomy (Fig. 26.4). An inflatable balloon is placed into the 

Fig. 26.1 The patient is awake and therefore able to position himself on the Jackson table in a 
comfortable position, minimizing the possibilities of peripheral nerve injury or pressure ulcers
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Fig. 26.3 Initial endoscopic view of the discectomy and AP fluoroscopic view of the pituitary 
rongeur crossing midline during the discectomy

Fig. 26.2 AP and lateral fluoroscopy showing percutaneous access to the disc space via Kambin’s 
triangle

disc space and subsequently expanded using radiopaque contrast material. Once 
inflated, an anteroposterior radiograph is obtained, and, if there appears to be resid-
ual cartilaginous endplate, additional endplate preparation is performed (Fig. 26.5). 
The endoscope is reinserted, and the endplates are surveyed to ensure they are well 
prepared and there are no cartilaginous fragments left (Fig. 26.6). These additional 
steps help ensure adequate endplate preparation and help prevent early cage migra-
tion [23].

Following disc removal, 2.1 mg of rhBMP-2 (recombinant human bone morpho-
genetic protein-2, InFuse, Medtronic SofamorDanek) is placed into the anterior disc 
space as far away from any neural structures as possible. This is followed by place-
ment of an OptiMesh (Spineology) cage. The mesh expandable cage is filled 
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Fig. 26.4 AP view of manual drill and lateral view of automated steel brush used for efficient 
discectomy

Fig. 26.5 AP and lateral fluoroscopy of radiopaque balloon inflated in the disc space. The balloon 
is to the front of the canal on the lateral image. The AP image shows some remaining disc frag-
ments left to be cleared, so further discectomy is needed

internally with premachined allograft matrix to increase interbody height (Fig. 26.7). 
Appropriate placement and expansion allow for re-establishment of disc space 
height, additional indirect neural element decompression, and correction of any 
concomitant spondylolisthesis. Pedicle screws are subsequently placed percutane-
ously using anteroposterior fluoroscopic guidance; bilateral connecting rods are 
inserted subfascially; and set screws are placed to secure the construct (Fig. 26.8). 
A total of five incisions are then closed with subcuticular sutures.
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Fig. 26.7 Lateral view of 
OptiMesh cage being 
deployed in the disc space

Fig. 26.6 AP fluoroscopy showing good apposition of the endplate by the inflatable balloon indi-
cating adequate endplate preparation (left) and an endoscopic view of the final endplate prepara-
tion (right)
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Fig. 26.8 AP and lateral view of the final construct showing bilateral pedicle screws and inter-
body graft

 Postoperative Care

The goal of minimal disturbance of physiological homeostasis continues in the 
postoperative period. Surgical drains and Foley catheters are not placed during sur-
gery so there is nothing to remove postoperatively resulting in minimal impedi-
ments to mobilizing the patient. Gabapentin and Tylenol are given post-op. No IV 
narcotics are given, and oral narcotic use is minimized. Each patient receives a daily 
postoperative visit from a member our ERAS care team consisting of medical stu-
dents working closely with the neurosurgical resident staffing the floor. The goal of 
these visits is to ensure that patients have adequate pain management and receive 
early mobilization from the physical therapy and occupational therapy teams. 
Additionally, the ERAS care team can aid in discharge planning and help facilitate 
patient discharge plans, ensuring appropriate medical devices such as braces and 
walkers are delivered on time.

 Outcomes

Initial outcomes of MIS TLIF using ERAS principles have been encouraging. 
Analysis of the first 100 procedures performed by a single surgeon (MYW) demon-
strate overall positive results with regard to clinical outcome, complication rate, and 
overall reduction in perioperative morbidity [23]. Of these 100 cases, single-level 
fusion was performed in 84 patients and two-level fusion in 16 patients. L4–5 was 
the most common level, representing 77% of all fused levels. The mean (± standard 
deviation) operative time was 84.5  ±  21.7  min for one-level fusions and 
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128.1 ± 48.6 min for two-level procedures. The mean intraoperative blood loss was 
65.4 ± 76.6 ml for one-level fusions and 74.7 ± 33.6 ml for two-level fusions. And 
the mean length of hospital stay was 1.4 ± 1.0 days. Four patients died from causes 
unrelated to surgery or spinal pathology prior to 1-year follow-up. Four patients 
required conversion to general anesthesia intraoperatively and the surgery was com-
pleted on the same day. The reasons for conversion were two patients had emesis, 
one had epistaxis, and one experienced extreme anxiety. These four cases resulted 
in changes to the ERAS protocol (addition of oxymetazoline nasal spray and ondan-
setron pre-op). Surgical complications included two cases of early cage migration, 
one case of osteomyelitis, and one endplate fracture. There were no cases of delayed 
non-union or hardware breakage.

In a further review of all 1- to 3-level lumbar fusions done using the ERAS pro-
tocol (57 patients) at University of Miami, patients had a significantly shorter length 
of stay (2.9 days vs 3.8 days), consumed significantly less oxycodone- acetaminophen, 
had lower pain scores recorded by the PT/OT teams and nursing, consumed less 
meperidine and ondansetron, and ambulated farther on postoperative day 1 com-
pared to a similar group of patients who underwent the same procedures 6 months 
prior to implementation [24].

Mummaneni et al., in an attempt to address limitations of endoscopic surgery, 
have reported successful awake MIS TLIF using tubular retractors to achieve direct 
decompression [25]. They achieve analgesia using spinal anesthetic in addition to 
liposomal bupivacaine. The potential advantage of this approach is the ability to 
allow for longer operative times (>2 h), avoid the steep learning curve required for 
endoscopic procedures, and provide direct as well as indirect decompression. The 
drawbacks include the increased invasiveness of the approach (compared to endos-
copy) and the potential complications of spinal anesthesia.

 Conclusions

Elderly patients are disproportionally impacted by the harmful effects of general 
anesthesia. As population pyramids in most developed countries continue to invert, 
novel surgical solutions will be required to safely take care of the world’s aging 
population. Awake surgery and ERAS concepts have the potential to become a pow-
erful tool to expand surgical care to those who might otherwise not be optimal 
candidates for intervention. These techniques also allow for shorter length of hospi-
tal stay. In some instances, surgeries that previously required admission are con-
verted into outpatient procedures. This results in cost savings and reduced burden 
on strained medical resources. Finally, initial data has shown these procedures to be 
efficacious, with significant reductions in ODI, resulting in meaningful quality of 
life improvement for patients [23].
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Chapter 27
Endoscopic Spine Surgery in the Geriatric 
Population

Jacob L. Goldberg  and Eric Elowitz 

 Introduction

The most common indication for spinal surgery in the elderly population is lumbar 
spine stenosis (LSS) [1]. Lumbar stenosis is most commonly diagnosed in adults 
65 years and older, a cohort of the population which is expected to dramatically 
increase in the coming years [1]. Over the past few decades, the most rapidly 
increasing type of lumbar spine surgery was for stenosis [2]. In appropriately 
selected patients, surgery for decompression is superior to nonoperative manage-
ment [3–6]. Despite the clear benefits of surgery, the older population is at increased 
risk of perioperative complications due to increased rate of medical comorbidities, 
immobility, and overall poor nutritional status [7]. In fact, patients older than 
65 years who undergo surgery for LSS face increased risks of complications and/or 
rehospitalizations [8] which can negatively impact quality of life. Further, among 
adults older than 80 years, this increased risk is directly correlated with the number 
of medical comorbidities, surgical invasiveness, and operative time [9].

Endoscopic spine surgery in the elderly population is an attractive alternative to 
conventional spine surgery as it offers a therapeutic treatment with less tissue trauma 
and hopefully quicker recovery. As a result of the small diameter of the endoscope, 
less soft tissue, muscle, and ligamentous dissection is required which translates into 
less blood loss and reduced length of hospital stay [10]. In fact, many endoscopic 
procedures can be performed in the outpatient surgical center setting. These 
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qualities alone mitigate a significant amount of risk in the elderly as their tolerance 
of blood loss is lower and their propensity to develop delirium in the inpatient hos-
pital setting has been well documented [11–16]. The evidence base for endoscopy 
in the geriatric population is growing, with current results consistently indicating 
comparable outcomes, similar complication profile, and significantly shorter lengths 
of stay [17, 18].

The two most common endoscopic approaches used to treat degenerative lumbar 
pathology are the interlaminar and transforaminal approaches. The interlaminar 
approach is similar to the more conventional tubular laminectomy or discectomy 
approach and allows for good central decompression and access to paracentral disc 
herniations. The transforaminal approach is more lateral, uses Kambin’s triangle as 
a safe working corridor, and provides access to foraminal pathology as well as cen-
tral and paracentral disc herniations. If a patient has both central stenosis and a 
foraminal disc herniation, a procedure using both approaches may be employed 
(Fig. 27.1).

Here we discuss the two most common endoscopic approaches used to address 
the lumbar degenerative pathology commonly encountered in the elderly. We review 
their advantages and disadvantages, preoperative considerations and preparation, 
and key surgical steps. Finally, we detail the decision-making, considerations, and 
techniques involved in an illustrative example case.

a b

d

c

Fig. 27.1 (a) Sagittal T2 MRI lumbar spine demonstrating degenerative changes throughout most 
notably loss of lumbar lordosis, degenerative disc disease at all visualized levels, and severe steno-
sis at L3–4 and L4–5. (b) Coronal T2 MRI lumbar spine with foraminal disc herniation on left side 
at L4–5 (arrow) compressing the exiting L4 nerve root. (c) Axial T2 MRI with severe central ste-
nosis at L3–4. The white arrow indicates the trajectory for the interlaminar approach. (d) Axial T2 
MRI with a foraminal disc herniation at L4–5. The white arrow indicates the trajectory for a trans-
foraminal approach
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 Advantages and Disadvantages of Endoscopic Discectomy 
and Decompression

Conventional open and tubular spine surgical techniques are important as not all 
pathology can be treated endoscopically. However, when the anatomy and pathol-
ogy are amenable, endoscopic technique offers several unique advantages. First, 
visualization of anatomy is superb owing to powerful light sources, high-resolution 
camera and display, and the ability to position the endoscope in very close working 
distance to the pathology (Fig. 27.2). In addition to the obvious benefits to the sur-
geon, the easy visibility of the procedure on the monitor facilitates resident and 
medical student training and allows a more seamless integration with regard to the 
surgical assistant and/or scrub technician participation in the case. Second, after the 
initial learning curve is overcome, this procedure is cost-effective as a result of 
lower operating room costs and postoperative costs associated with length of stay. 
Importantly, fully endoscopic is less invasive compared with traditional microscope- 
assisted approaches resulting in less injury to surrounding tissues and stabilizing 
ligaments. This facilitates easier revision surgery if required. It also leaves less dead 
space for fluid to collect and become infected. The lack of dead space is also helpful 
in containing small CSF leaks as there is less space for fluid to collect. Lastly, there 
is significant and growing interest among patients in pursuing increasingly MIS 
procedures with patients indicating they would travel significant distances in pursuit 
of an MIS procedure [19].

Several disadvantages to endoscopic approaches are worth noting. First, endos-
copy offers a limited number of techniques/maneuvers to deal with significant intra-
operative complications. A significant complication such as uncontrolled bleeding 
may necessitate a more invasive approach to address the problem. As a result, 
patients should be counseled preoperatively regarding the possibility of conversion 

a b

Fig. 27.2 (a) Endoscopes with 15° (top) and 30° (bottom) viewing angles ideal for interlaminar 
and transforaminal procedures, respectively. (b) Head on view of the 15° (left) and 30° (right) 
endoscopes. On the 15° endoscope, one of the two paired light sources is highlighted in yellow, 
one of the paired irrigation channels is highlighted in green, the working channel is outlined in 
blue, and a black arrow indicates the single camera. These same components are found on the 30° 
endoscope
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to open surgery. Similarly, options for dealing with large dural lacerations are lim-
ited as it is not currently possible to effectively suture dura endoscopically. While 
economic barriers to endoscopic surgery are low relative to other new technologies 
(such as intraoperative navigation), there is a notably steep but surmountable learn-
ing curve. Though there is a lower cost to entry, additional resources are required for 
the safe performance of endoscopic surgery. For example, in the transforaminal 
approach, intraoperative monitoring can be useful if the patient is under anesthesia. 
In the event of an awake transforaminal surgery, special skill is needed on the part 
of the anesthesia team to manage the patient’s conscious sedation in order to strike 
the correct balance of maintaining the patient in a lucid state to report pain but with 
enough sedation to remain still during the operation. Lastly, it is worth noting that 
many of the complications associated with traditional microdiscectomy need to be 
considered during endoscopy including re-herniation, dural tear, nerve root injury, 
hematoma, and poor wound healing or infection [20]. However, some of these risks, 
specifically hematoma in the surgical bed and issues related to wound healing, are 
mitigated by the lack of dead space and small stab incision associated with endo-
scopic surgery.

 Preoperative Considerations

 Imaging

As is the case with all surgery aimed at addressing lumbar pathology, imaging must 
be tailored to the patients presenting symptoms, clinical concerns, and neurological 
exam. MRI with axial, sagittal, and coronal imaging remains the gold standard for 
identifying lumbar spinal pathology. In the case of patients with comorbid condi-
tions precluding MRI, CT myelogram with full reconstructions can be obtained. In 
cases amenable to the transforaminal approach, particularly above L4/5, it is imper-
ative to ensure that no abdominal contents obstruct the ideal path. If this is unclear, 
additional imaging should be obtained.

 Anesthesia

While many centers perform endoscopic spinal procedures under local anesthesia 
with conscious sedation, the authors use general anesthesia for their surgeries. Local 
anesthesia with conscious sedation presents unique anesthetic challenges as patients 
must be “light” enough to be able to communicate neurologic symptoms encoun-
tered but “deep” enough to be able to remain still during the procedure. This is only 
possible with careful patient selection and high familiarity with the procedure and 
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anesthetic needs on the part of the anesthesiologist. Additionally, elderly patients 
may become confused with sedation leading to an uncooperative patient unable to 
safely remain still.

 Endoscopic Approach

A widely accepted algorithm to determine the optimal endoscopic approach is not 
yet available. However, there are several factors to consider when selecting an 
approach. A key consideration is the site of the pathology. In general, foraminal or 
extraforaminal stenosis due to disc material or joint cysts is more amenable to a 
transforaminal approach. If the pathology extends toward the canal, it can be safely 
accessed if it is located between the lower aspect of the cranial pedicle (beneath the 
nerve root) and superior aspect of the caudal pedicle. Another somewhat obvious 
consideration is the presence of obstructing structures. For endoscopy performed at 
the rostral or caudal extremes of the lumbar spine, the transforaminal approach may 
be obstructed by the ribs or iliac crests, respectively. Additionally, abdominal con-
tents may obstruct the transforaminal approach and need to be considered especially 
in very thin patients. The interlaminar approach is useful in addressing pathology 
causing central stenosis without a foraminal or extraforaminal component. Lastly, it 
should be noted that the interlaminar space increases in area when moving in a ros-
tral to caudal direction. As a result, the space is readily accessible at L5–S1 often 
without additional bone resection when performed at this level.

 Operative Considerations

For both interlaminar and transforaminal approaches, the patient is secured prone 
on an X-ray compatible table with careful padding of the hips, chest, knees, elbows, 
and wrists. The transforaminal approach can be performed in the lateral position 
depending on surgeon preference. Care is taken not to hyperextend the shoulder 
greater than 90°. Sequential compression boots are applied unless contraindicated. 
Of note, slight kyphosis should be either induced in the lumbar spine by choice of 
table or created by the placement of a hip roll to aid in opening the interlaminar or 
foraminal window.

For the interlaminar approach, a slightly paramedian stab incision is made at the 
level of the interlaminar space. This is determined using AP and lateral fluoroscopy. 
The authors aim to minimize the skin incision to reduce the egress of irrigation solu-
tion in order to maintain a constant pressure. Conversely, a larger fascial incision is 
performed to allow for mobility of the endoscope. As the patient’s lumbar spine is 
in slight kyphosis due to positioning, the rostral spinous process should project over 
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the disc space of interest and roughly approximate the border of the interlaminar 
space. Ensuring the optimal approach to the lateral recess decreases the need for 
bony resection. The rostro-caudal starting point will be determined by patient-spe-
cific pathology. Once determined and confirmed by palpation (if body habitus 
allows), a stab incision is made down through the fascial layer and serial dilators 
advanced to the inferomedial edge of the lamina. The working channel is placed 
with the bevel optimizing the medial view. Next bipolar cautery and pituitary ron-
geurs are used to clear connective tissue. Next, the high-speed drill with diamond 
burr attachment is used for medial facetectomy. For microdiscectomy, a micro-
punch is used to enter the ligamentum flavum with care taken to avoid durotomy. At 
this time, coagulation of epidural veins is performed as needed. The remainder of 
the operation depends on patient-specific pathology. However, there are several 
foundational maneuvers to note. Retraction of nerve roots can be accomplished by 
rotating the beveled outer sleeve 180° compared with its orientation on insertion. 
Most minor bleeding quickly tamponades with the hydrostatic pressure applied by 
the irrigation but coagulation can also be used. While starting from the optimal 
point will minimize need for bony resection, if the size of the interlaminar window 
is not large enough to allow removal of a large disc fragment, additional drilling 
may be necessary, or the fragment may be removed piecemeal. In the case of spinal 
stenosis, “over the top” decompression by undercutting the spinous process (unilat-
eral approach for bilateral decompression) can be performed as has been described 
for open and tubular microscope-assisted discectomy.

As compared to the interlaminar approach, trajectory planning for the transfo-
raminal approach has a steeper learning curve as it differs significantly by both 
spinal level and site of pathology. Especially during the transforaminal approach, 
the proper trajectory is essential to ensure safely avoiding exiting nerve root injury 
or injury to abdominal contents. With a combination of AP and lateral fluoroscopy, 
a beveled spinal needle (facing ventrally) is advanced to the superior articular pro-
cess (SAP), rotated 180°, and advanced into Kambin’s triangle. Dilation is per-
formed after a guidewire is inserted through the needle. Manual bone reamers can 
be used to remove the inferior aspect of the SAP. The outer sleeve and endoscope 
can now be inserted, and the remainder of the procedure is performed as dictated by 
patient-specific pathology.

 Interlaminar Endoscopic Discectomy: Illustrative Case

 Brief Clinical History

A 67-year-old male with no past medical history presented with 1 month of severe 
and worsening debilitating radicular pain which failed to improve with conservative 
management. MRI revealed a large L5–S1 left paracentral disc herniation with 
resultant lateral recess stenosis without significant foraminal involvement (Fig. 27.3).
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Fig. 27.3 (a) Sagittal T2 MRI lumbar spine demonstrating large disc herniation at L5–S1. (b) 
Axial T2 MRI demonstrating L5–S1 disc herniation causing lateral recess stenosis causing mass 
effect on the traversing nerve root without a significant foraminal or extraforaminal component

 Indication for Surgery

As is the case for most surgeries for microdiscectomy, the patient has severe 
radicular pain with failure to improve with conservative management; MRI 
scans generally indicate a large herniated disc causing significant compression 
of the cauda equina nerve roots. While the literature indicates sciatica referable 
to a lumbar herniated disc will improve with time, it also suggests quicker reso-
lution of symptoms with surgery. Further, a large herniation of this size is 
unlikely to resorb in an expedient fashion without surgical intervention. Though 
it is compressing the cauda equina nerve roots, the patient does not endorse 
symptoms of cauda equina syndrome; therefore, surgery can be offered on an 
elective basis.

 Surgical Approach

This pathology is amenable to open, tubular, or endoscopic treatment depending 
on surgeon comfort, skill, and equipment availability. Considering endoscopic 
approaches, this pathology is amenable to an interlaminar approach for several 
important reasons. First, this patient’s iliac crest (Fig. 27.4b) limits the transfo-
raminal approach to L5–S1. Even if that were not the case and the disc space was 
easily accessible transforaminally, the authors generally prefer the interlaminar 
approach at L5–S1 due to the large interlaminar window for strictly paracentral 
herniated discs. Similarly, the slight caudal migration is a factor that may make 
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Fig. 27.4 (a) AP fluoroscopy with a clamp used to localized the surgical level. The dashed yellow 
line is placed along the inferior border of the L5 lamina, immediately cranial to the interlaminar 
space (green dot). (b) Lateral fluoroscopy demonstrating the dilator within the outer sleeve directed 
at the L5–S1 disc space. Note the iliac crest (dashed red line) obstructing lateral access to the L5–
S1 disc space

the transforaminal approach more challenging in this case. The large interlami-
nar space at L5–S1 increases the ease of performance of interlaminar endoscopic 
discectomy as no bone resection is usually required for optimal access 
(Fig. 27.4a). The caudal migration of the fragment may pose a challenge to the 
transforaminal approach.

 Operative Procedure

Following the induction of general anesthesia, the patient was placed in prone 
position. The L5–S1 interlaminar space was confirmed via AP and lateral intra-
operative X-ray (Fig. 27.4). A sub-centimeter incision, carried through the skin 
and fascia, was made slightly left of midline which was the side of the seques-
tered disc fragment. After serial dilations, the outer sleeve was inserted, and the 
level and trajectory were confirmed via lateral view X-ray. The endoscope, 
directed toward the interlaminar space, revealed an intact ligamentum flavum 
which was cleared of connective tissue with bipolar cautery (Fig. 27.5a, b). All 
of the subsequent instruments used are modified to function in the endoscope’s 
working channel. A forceps and Kerrison are used to create a window in the liga-
mentum flavum approximately at the level of the traversing nerve root (Fig. 27.5c). 
The traversing nerve root is inspected and bluntly mobilized with a ball tip probe 
(Fig. 27.5d). The tip of the endoscope, beveled to function as a nerve root retrac-
tor, is used to medialize and protect the traversing nerve root. Next, the 
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Fig. 27.5 (a) Intact ligament with connective tissue/fat overlying medially. (b) Bipolar cautery 
used to clear connective tissue from ligament. (c) Ligament entered with blunt forceps. (d) Blunt 
ball dissector used to mobilize traversing nerve root

sequestered disc fragment can be removed through the endoscope’s working 
channel (Fig.  27.6). After adequate decompression has been achieved, careful 
inspection for hemostasis is performed. Bleeding is addressed with the applica-
tion of hydrostatic pressure supplied by the constant saline irrigation through the 
endoscope in combination with bipolar cautery. After hemostasis was obtained, 
the endoscope was removed, and the incision was closed with a deep fascial 
suture followed by a running subcuticular suture.

 Postoperative Care

After surgery, the patient awoke with immediate relief of symptoms and neurologi-
cally intact. After uneventful recovery, the patient was discharged home on the day 
of surgery and experienced no postoperative complications.
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Fig. 27.6 (a) Blunt forceps used to grasp disc fragment. (b) Disc fragment being pulled into work-
ing channel. (c) Disc fragment filling working channel. (d) Decompressed traversing nerve root 
after disc removed

References

1. Deyo RA. Treatment of lumbar spinal stenosis: a balancing act. Spine J. 2010;10(7):625–7.
2. Taylor VM, Deyo RA, Cherkin DC, Kreuter W. Low back pain hospitalization. Recent United 

States trends and regional variations. Spine. 1994;19(11):1207–12. discussion 13
3. Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE. Long-term outcomes of surgical and non-

surgical management of lumbar spinal stenosis: 8 to 10 year results from the maine lumbar 
spine study. Spine. 2005;30(8):936–43.

4. Atlas SJ, Keller RB, Robson D, Deyo RA, Singer DE. Surgical and nonsurgical management 
of lumbar spinal stenosis. Spine. 2000;25(5):556–62.

5. Weinstein JN, Tosteson TD, Lurie JD, Tosteson ANA, Blood E, Hanscom B, et al. Surgical 
versus nonsurgical therapy for lumbar spinal stenosis. N Engl J Med. 2008;358(8):794–810.

6. Malmivaara A, Slätis P, Heliövaara M, Sainio P, Kinnunen H, Kankare J, et al. Surgical or 
nonoperative treatment for lumbar spinal stenosis? A randomized controlled trial. Spine. 
2007;32(1):1–8.

J. L. Goldberg and E. Elowitz



433

7. Smith ZA, Fessler RG. Paradigm changes in spine surgery: evolution of minimally invasive 
techniques. Nat Rev Neurol. 2012;8(8):443–50.

8. Deyo RA, Mirza SK, Martin BI, Kreuter W, Goodman DC, Jarvik JG. Trends, major medical 
complications, and charges associated with surgery for lumbar spinal stenosis in older adults. 
JAMA. 2010;303(13):1259–65.

9. Kobayashi K, Imagama S, Ando K, Ishiguro N, Yamashita M, Eguchi Y, et al. Complications 
associated with spine surgery in patients aged 80 years or older: Japan Association of Spine 
Surgeons with ambition (JASA) multicenter study. Global Spine J. 2017;7(7):636–41.

10. Choi G, Pophale CS, Patel B, Uniyal P. Endoscopic spine surgery. J Korean Neurosurg Soc. 
2017;60(5):485–97.

11. Wu W-C, Schifftner TL, Henderson WG, Eaton CB, Poses RM, Uttley G, et al. Preoperative 
hematocrit levels and postoperative outcomes in older patients undergoing noncardiac surgery. 
JAMA. 2007;297(22):2481–8.

12. Foss NB, Kristensen MT, Kehlet H. Anaemia impedes functional mobility after hip fracture 
surgery. Age Ageing. 2008;37(2):173–8.

13. Hagino T, Ochiai S, Sato E, Maekawa S, Wako M, Haro H. The relationship between anemia at 
admission and outcome in patients older than 60 years with hip fracture. J Orthop Traumatol. 
2009;10(3):119–22.

14. Dunne JR, Malone D, Tracy JK, Gannon C, Napolitano LM. Perioperative anemia: an inde-
pendent risk factor for infection, mortality, and resource utilization in surgery. J Surg Res. 
2002;102(2):237–44.

15. Collier R. Hospital-induced delirium hits hard. Can Med Assoc J. 2012;184(1):23–4.
16. Vijayakumar B, Elango P, Ganessan R. Post-operative delirium in elderly patients. Indian J 

Anaesth. 2014;58(3):251–6.
17. Yang F, Chen R, Gu D, Ye Q, Liu W, Qi J, et  al. Clinical comparison of full-endoscopic 

and microscopic unilateral laminotomy for bilateral decompression in the treatment of 
elderly lumbar spinal stenosis: a retrospective study with 12-month follow-up. J Pain Res. 
2020;13:1377–84.

18. Kim JH, Kim HS, Kapoor A, Adsul N, Kim KJ, Choi SH, et al. Feasibility of full endoscopic 
spine surgery in patients over the age of 70 years with degenerative lumbar spine disease. 
Neurospine. 2018;15(2):131–7.

19. Narain AS, Hijji FY, Duhancioglu G, Haws BE, Khechen B, Manning BT, et al. Patient percep-
tions of minimally invasive versus open spine surgery. Clin Spine Surg. 2018;31(3):E184–92.

20. Shriver MF, Xie JJ, Tye EY, Rosenbaum BP, Kshettry VR, Benzel EC, et al. Lumbar micro-
discectomy complication rates: a systematic review and meta-analysis. Neurosurg Focus. 
2015;39(4):E6.

27 Endoscopic Spine Surgery in the Geriatric Population



Part V
Advances in Pain Management Treatments 

for Elderly Patients



437

Chapter 28
CT-Guided Radiofrequency Ablation

Michelle Roytman and J. Levi Chazen

 Introduction to Ablation

Ablation therapy is a minimally invasive technique commonly used in the treatment 
of benign and malignant tumors, with emerging use in the realm of pain manage-
ment. A number of ablative modalities exist, generally comprising a generator and 
needlelike device delivering energy directly to targeted tissue to cause acute cellular 
necrosis [1]. Radiofrequency (RF), microwave, laser, and high-intensity focused 
ultrasound (HIFU) systems apply energy to heat tissue to cytotoxic temperatures 
(e.g., at least 60 °C for maximal efficacy of protein denaturation and immediate 
coagulative necrosis), while cryoablation systems cool tissues to less than −40 °C 
to cause tissue necrosis via ice crystal formation and osmotic shock [2]. Irreversible 
electroporation (IRE) is an additional nonthermal technique that induces cell apop-
tosis through the formation of permanent nanopores within the cell membrane uti-
lizing a high-voltage electrical current. These ablative techniques can be performed 
percutaneously, endoscopically, laparoscopically, or via a celiotomy incision, with 
the exception of HIFU which is performed extracorporeally utilizing a specialized 
ultrasound probe [1]. Though similar in purpose, each technique has its own spe-
cific and optimal indications. This chapter will review CT-guided RF ablation, 
including a discussion of RF ablative principles and frequently performed proce-
dures, focusing on its use as a cutting-edge technique for the treatment of spine 
disease in the elderly.
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 Principles of RF Ablation

RF ablation relies on a complete electrical circuit created through the body to con-
duct RF current [2]. An RF generator is used to deliver high-frequency, alternating 
current (375–600 kHz) through an RF probe, with current passing through the unin-
sulated active tip of the probe and resulting in oscillation of charged tissue mole-
cules (ions) within the ablative zone [3]. RF current is able to pass through tissue 
due to the abundance of ionic fluid present; however, tissues are poor conductors of 
electricity, leading to ionic agitation and resistive heating (the Joule heating effect). 
Areas closest to the electrode (within several millimeters) experience the highest 
current and greatest rise in temperature via direct RF heating, while tissues farther 
away in the final ablation zone are primarily heated via thermal conduction [1, 2, 4].

RF current can be applied using “monopolar” or “bipolar” systems [2]. In the 
monopolar system, a single interstitial electrode is used to deliver current at the 
target site, and the circuit is completed using surface electrodes (ground pads) 
applied onto the patient’s skin. In the bipolar system, current flows between two 
interstitial electrodes, either within the same applicator or between two separate 
applicators, thereby increasing the invasive nature of the procedure. Bipolar mode 
has advantages by heating the area between the electrodes, reduced dependence on 
background conductivity, and reduced likelihood of skin burns by eliminating the 
use of a grounding pad [1, 2]. However, bipolar systems do not heat well outside of 
this array and often require saline infusion to improve results. Benefits of the mono-
polar system include its wide clinical availability, broader zone of ablation around 
each electrode, and decreased invasiveness given its use of a single electrode [1, 2]. 
Currently available RF systems typically utilize monopolar electrodes in three gen-
eral varieties: straight needlelike, multitined, or multitined expandable. Expandable 
multitined and non-deployable multitined electrodes increase the electrode-tissue 
contact surface area, dispersing the current over a greater volume which can increase 
the ablation zone size [1].

While RF ablation has been shown to be clinically effective in the treatment of 
small tumors (<2 cm), principles of electrical and thermal conductivity may hinder 
its success [1, 2, 4]. RF ablation relies on the flow of current through tissue for 
adequate heating and cell death. Tissues with high water and ion contents (e.g., 
liver) are able to more effectively transmit current than those with lower water and 
ion contents (e.g., lung, fat, and bone) which demonstrate a higher electrical impen-
dence. As tissues become heated and char (carbonization), water vapor is generated 
and tissue becomes dehydrated, resulting in a rapid increase in electrical impedance 
limiting flow of electrical current. Therefore, RF ablation can be a self-limiting 
process [1, 2]. Cooling the electrode with circulating water has been shown to 
decrease temperatures at the electrode-tissue interface, reducing char and improv-
ing current over time [5].

Char can be further minimized by modifying the RF generator output [1, 2]. 
Impedance-controlled systems, or “pulsed RF ablation,” utilize a power pulsing 
algorithm to achieve a goal maximum impedance while allowing tissue to cool and 
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rehydrate as needed, generating greater energy deposition with decreased average 
impedance. Power is initially set to a relatively low level (20–50 W) with temporary 
suspension of power output as impedance rapidly rises. This power pulsing tech-
nique can be sequentially performed with multiple electrodes to create multiple 
independent ablations or one large ablation, increasing procedural efficiency. 
Temperature-controlled systems, or “thermal RF ablation,” alternatively aim to 
achieve a preset target temperature at the tip(s) of the electrode(s). Power is gradu-
ally increased until the target temperature is obtained, which can be modulated to 
maintain target temperature for the duration of ablation [1, 2, 6].

A critical consideration for spinal RF ablation is the potential for spinal cord 
injury [7]. RF heating has been shown to be cytotoxic to the spinal cord and periph-
eral nerves at around 45 °C [8], and a lesion-to-spinal cord distance of less than 
10 mm has previously been reported as an exclusion criteria for RF ablation in some 
series [9]. A number of neuroprotective maneuvers have been explored, such as 
instillation of epidural/periradicular carbon dioxide or cooled 5% dextrose in water 
during ablation and/or use of thermocouples for continuous temperature monitoring 
as an extra margin of safety [10–12]. However, a retrospective review of 17 patients 
treated for spinal osteoid osteoma demonstrated RF ablation to be a safe procedure, 
even with lesions located within 10 mm of neural structures, without differences in 
outcome or complication with use of epidural air as a neuroprotective agent [7]. In 
fact, the authors reported instances of thecal sac and cord displacement toward the 
lesion by instilled air, contrary to the desired effect, potentially raising temperatures 
reaching the neural elements. When neurological injury does occur, literature 
reports it to be typically transient in nature, noting at least one case report of perma-
nent lower extremity paralysis due to RF ablation-induced thermal injury [13].

Use of moderate or general anesthesia has also been suggested to further mitigate 
possible risk of neural injury due to patient movement related to procedural pain at 
the time of ablation [3, 14], noting sedation may be associated with its own risks. 
Limiting RF ablation time, for example, under 2 min in one series [14], has been 
reported as an additional neuroprotective measure. Presence of intact cortical bone 
between target lesion and neural structures provides an additional margin of safety 
[8]. However, osteolysis with cortical destruction, frequently encountered in the 
setting of osseous metastases, compromises this protective boundary from unde-
sired RF energy propagation [3, 15, 16].

The high impedance of bone is an additional limiting factor of spinal RF abla-
tion, with resultant poor thermal conduction and diminished ablative margins [1, 2]. 
However, procedural modifications and maneuvers have been implemented to 
improve intraprocedural conductivity. Infusion of normal saline (0.9%) has been 
shown to successfully enlarge the area of necrosis during RF ablation, serving as a 
liquid electrode with conductivity 3–5 times greater than that of blood and 12–15 
times greater than that of soft tissues [17]. Use of hypertonic saline (6–36%), in 
combination with the bipolar technique, has demonstrated faster and more extensive 
ablation with less heat loss as compared to the monopolar technique in an animal 
liver model. Use of hypertonic saline has also been shown to reduce volume of 
saline required for desired decrease in impedance [17]. Simultaneous use of 
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multiple applicators has been shown to result in thermal synergy as the cumulative 
effect of overlapping ablation zones leads to increased temperatures [6].

Efficacy of tissue heating can further be affected by adjacent vasculature, such as 
large blood vessels which may dissipate thermal energy [1]. In fact, tumors adjacent 
to large vessels have been shown to demonstrate increased local recurrence rates, 
demonstrating the significant impact of these thermal energy sinks [18]. The ther-
mal energy sink phenomenon is relevant in spine interventions, given the presence 
of epidural venous plexus and movement of cerebral spinal fluid within the spinal 
canal [8]. However, some authors hypothesize this heat sink effect of spinal fluid 
and venous plexus is protective and allows for the ability to safely perform RF abla-
tion in lesions as close as 2 mm away from nerve roots [19].

Safety and efficacy of spinal RF ablation has been further improved by the devel-
opment of novel navigational bipolar electrode systems designed specifically for 
ablation of osseous spinal lesions [12, 20]. One such system (STAR ablation device, 
DFINE, Inc., San Jose, CA, comprised of SpineSTAR electrode and MetaSTAR 
generator) contains a pair of built-in active thermocouples positioned along the 
length of the electrode at either 5 and 10 mm (smaller version) or 10 and 15 mm 
(larger version) from the center of the ablation zone, allowing for real-time monitor-
ing of sufficiently high temperature and ablative volume while minimizing risk of 
thermal injury. The navigating tip of the probe can be articulated in different orien-
tations through the same entry site with the ability to cross midline, allowing for 
electrode placement in challenging locations that may be otherwise difficult to 
access. Another novel ablation system utilizes cooled RF needles (OsteoCool, 
Medtronic, Inc., San Jose, CA). While not flexible, the system comes in different 
lengths to control the ablation zone and can be used in a unipedicular approach, 
though bipedicular access is desired to achieve a larger zone of ablation. A separate 
thermocouple is attached to the system and can be introduced into the epidural 
space for real-time monitoring [21]. These novel RF ablation devices ultimately 
provide smaller and more predictable ablation zones, thereby improving feasibility 
and success of spinal RF ablation.

An additional safety consideration when performing RF ablation, particularly in 
the elderly, is the presence of cardiac implantable electrical devices (CIEDs). While 
the potential for electromagnetic interference affecting CIED function is known 
with RF ablation procedures, available guidelines do not specifically address man-
agement of RF ablation for certain procedures, such as zygapophyseal (facet) joint 
pain. In a web-based survey sent to interventionalists from varying subspecialties 
who perform this procedure (e.g., radiology, pain anesthesia, and physiatry), prac-
tice patterns regarding CIED management in ambulatory spine RF ablation proce-
dures were found to vary [22]. While the presence of CIED is not a contraindication 
for spine RF ablation, it does increase the complexity of the procedure and neces-
sitates added precautions.

Image guidance with computed tomography (CT) is a key component of 
CT-guided RF ablation. Pre-procedural planning utilizing CT allows for determina-
tion of osseous lesion density (e.g., osteoblastic, osteolytic, or mixed) as well as the 
identification of cortical discontinuities from tumor erosion and pathologic fracture 
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clefts [3]. Use of CT guidance during the procedure further allows visualization of 
needle positioning. However, post-procedural RF ablative margins can be poorly 
visualized with CT and use of CT guidance may result in increased radiation expo-
sure [23].

With this foundation of the principles of RF ablation, we will now review its role 
as a cutting-edge technique for the treatment of spine disease in the elderly.

 Spinal Metastases

Spinal metastases are the most commonly encountered tumor of the spine, typically 
occurring in the elderly and affecting up to 40% of patients with cancer [24]. Patients 
with spinal metastases may experience severe and often debilitating tumor- 
associated pain, pathologic vertebral fractures, and neurologic deficits related to 
nerve root or spinal cord compression with resultant significant reduction in quality 
of life [24–26]. Goals of treatment in patients with spinal metastases include pain 
palliation, local tumor control, mechanical stability, and improvement or mainte-
nance of function. Current standard of care involves a variety of treatment strate-
gies, including a combination of analgesics, bisphosphonates, radiation therapy 
(RT), and/or surgical intervention, which may be extensive [24]. Palliative RT is 
reported to have response rates of 50–90% [24]; however, RT has critical limita-
tions. Therapeutic effect of RT may be delayed 10–14 days with recurrence of pain 
in up to 57% of patients [24]. Specific tumor histologies demonstrate a poor response 
to RT, notably melanoma, sarcoma, non-small cell lung cancer, and renal cell carci-
noma [27]. Additionally, RT to the spine is limited by cumulative tolerance of the 
spinal cord with potential for radiation-induced myelopathy.

Multiple series have been published in recent years demonstrating the role of 
minimally invasive, percutaneous, image-guided procedures, such as RF ablation 
and vertebral augmentation. These techniques have demonstrated progressive suc-
cess in pain reduction and improved function with high technical success and low 
complication rates [25, 28]. RF ablation with concurrent vertebral augmentation has 
been advocated as a combined treatment given the advantageous antitumoral effect 
of heat and mechanical stabilization by cement injection (Fig. 28.1). RF ablation 
and vertebroplasty have demonstrated independent efficacy in pain palliation [28, 
29], with some studies suggesting synergy in degree of pain palliation when per-
formed concurrently. Furthermore, these procedures can be conveniently performed 
in tandem in an outpatient setting. Comparative trials have not yet been performed 
to date to establish superiority of this combined therapy [24]. RF ablation as an 
adjuvant to palliative RT has also been reported to improve patient pain scores with 
more rapid palliation as compared with local RT alone [13].

It is evident that RF ablation of spinal metastases has a clear therapeutic role, 
particularly for nonsurgical candidates and/or for those who failed chemoradiation. 
In addition to the percutaneous approach, RF ablation has been reported as an 
adjunct treatment intraoperatively at the time of surgical decompression and 
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Fig. 28.1 Sagittal T1 (a) demonstrating a T1 hypointense metastasis in the L1 vertebral body. 
Axial procedural CT images (b and c) show the DFINE STAR ablation device entering the verte-
bral body via a transpedicular approach with deployment of the curved RF cannula (b). Following 
the ablation, cement augmentation is administered (c)

stabilization [30] as well as via a transoral approach for treatment of a lesion involv-
ing the lateral mass of the C1 vertebral body [31].

It is important to note that osteoblastic/sclerotic lesions exhibit higher intrinsic 
impedance than do osteolytic/lucent lesions, rendering them more challenging to 
treat as the RF circuit is unable to generate sufficiently high temperatures to ensure 
cell death [32]. Many series list osteoblastic metastases as an exclusion criteria for 
RF ablation, suggesting cryoablation or microwave ablation as the preferred ther-
mal ablative modality for their treatment [3].

 Malignant Primary Osseous Lesions

 Chordoma

Chordomas are the most common primary malignant spinal tumor, representing 
1–4% of primary bone tumors and more than half of primary sacral tumors [33]. 
Chordomas originate from notochordal remnants and arise within the axial 
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skeleton, most frequently in the sacrococcygeal region (50–66%) and skull base 
(35%), with a metastatic rate of 5–43% [34]. Age at detection ranges from 30 to 
70  years, more often found in males (2–3:1; M/F) [33]. Chordomas are locally 
aggressive and resistant to RT with high recurrence rates, low disease-free survival, 
and high rates of morbidity from conventional treatments.

A number of case reports and small case series suggest RF ablation as an effec-
tive therapeutic option for painful or rapidly growing chordomas, with evidence of 
radiographic success, reduction of tumor pain, decrease in tumor burden, and arrest 
in tumor growth [33, 35, 36]. RF ablation has also been shown to help achieve 
tumor-free exposed margins for gross-total excision, particularly critical for chordo-
mas given their high recurrence rate and associated morbidity [35]. It is hypothe-
sized that the high-water content of this tumor (e.g., classically very T2 hyperintense 
lesion) and lack of vascularity contribute to its favorable dielectric properties with a 
treatment volume larger than expected [33]. Additional larger prospective studies 
will be needed to validate efficacy of these initial observations.

 Plasmacytoma and Myeloma

Plasmacytoma and myeloma are hematologic malignancies resulting in skeletal 
destruction with osteolytic lesions and/or pathologic fractures, involving the verte-
bra in 60% of cases at time of diagnosis [37]. Two-thirds of patients with myeloma 
report bone pain, frequently in the back or pelvis [38]. While RT is the current gold 
standard treatment for cancer patients with localized bone pain, 20–30% do not 
experience relief with this approach [39]. RT can further result in early bone loss 
due to inflammation and possible RT-related pathological fractures. Similar to pain 
associated with spinal metastases, additional conventional treatment options such as 
surgical excision, systemic chemotherapy, bisphosphonates, and analgesics are 
often unsuccessful in providing complete pain relief. Therefore, minimally invasive 
percutaneous techniques such as RF ablation and vertebroplasty have been explored 
as additional therapeutic options.

RF ablation is a favorable modality in the treatment of multiple myeloma as 
the lesions are osteolytic with associated low intrinsic impedance; therefore, 
myeloma is a frequently included diagnosis in case series of RF ablation with or 
without concurrent vertebroplasty [3, 5, 9, 28, 40–43]. Vertebroplasty alone has 
been demonstrated to provide improved pain relief in patients with myeloma, 
hypothesized to occur due to its increased internal trabecular stabilization. In a 
prospective series of 36 patients receiving concurrent RF ablation with vertebro-
plasty versus vertebroplasty alone, use of percutaneous vertebroplasty alone 
appeared to be effective for the pain management of patients with vertebral 
involvement of multiple myeloma [37]. The authors suggested the additional use 
of RF ablation for treatment of myelomatous lesions included cost and time with-
out clear added benefit. Further larger prospective studies are needed to validate 
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these initial observations. To our knowledge, there is no published literature 
describing use of RF ablation for treatment of plasmacytoma; however, RF abla-
tion could theoretically serve as an additional therapeutic option in the appropri-
ate clinical setting.

 Aggressive Intraosseous Venous Malformations 
(Vertebral Hemangioma)

Intraosseous venous malformations, formerly known as vertebral hemangiomas, are 
benign angiomatous lesions involving the spine. They have an estimated incidence 
of 10–12%, commonly occurring in young adults with slight female predilection 
[44]. The vast majority of lesions are asymptomatic and detected as an incidental 
finding during imaging examinations. However, approximately 1% of cases can be 
aggressive, defined as symptomatic with extraosseous extension or significant osse-
ous expansion owing to pathological fracture, osseous expansion, and/or extraosse-
ous extension resulting in mass effect upon adjacent neural structures [44]. Use of 
RF ablation of a sacral S1–S2 aggressive hemangioma has been reported via 
robotic-assisted placement of a 10-mm bipolar probe providing an ablation zone of 
17 × 13 mm, covering nearly the entire hemangioma [44]. Additional larger pro-
spective studies will be needed to validate the efficacy of this initial case report.

 Benign Primary Osseous Lesions

Benign tumors comprise 4–13% of spinal lesions and are treated with curative intent 
[3, 45]. Pain secondary to benign spine lesions is commonly managed with nonste-
roidal anti-inflammatory drug (NSAID) therapy and opioids titrated to achieve 
relief while minimizing side effects [46]. When pharmacologic therapy is inade-
quate or contraindicated, minimally invasive, percutaneous, image-guided interven-
tions, such as RF ablation, are indicated [3]. Though many of the following entities 
infrequently affect the elderly, they are briefly mentioned to comprehensively 
review the many potential uses of CT-guided RF ablation in the spine.

 Osteoid Osteoma and Osteoblastoma

Osteoid osteoma (OO) is a benign bone-forming tumor composed of a central nidus 
generally less than 15 mm in diameter surrounded by reactive bone [14]. OOs rep-
resent 3% of all primary bone tumors with 10% arising in the spine, most commonly 
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in the posterior elements [12]. OOs classically occur in young adult males (2–4:1; 
M/F) under the age of 30 presenting with constant or episodic bone pain, typically 
worsening at night or with physical activity and alleviated with NDSAIDs. Initially 
reported in 1992 [47], RF ablation of OOs is a frequently performed procedure with 
numerous papers advocating its efficacy and safety [7, 10–12, 14, 16, 19, 48–50]. 
RF ablation is now considered standard of care for most osteoid osteomas, with suc-
cess rates equaling or surpassing those of surgery as well as decreased morbidity 
and shorter hospitalizations [15].

Osteoblastoma (OB) is a rare benign tumor strikingly similar in histology to OO 
but biologically more aggressive [3, 51]. OBs most commonly occur in the second 
or third decades of life with a slight male predilection (2:1; M/F). OBs are typically 
larger (>1.5 cm) and more expansile as compared to OOs and may be associated 
with aneurysmal bone cysts. The entire osteolytic and soft tissue components, when 
present, must be ablated for definitive cure. Due to its larger size, a more radical 
ablative approach is required including at least two ablations with straight unipolar 
probes covering the entire lesion at a recommended temperature of 90 °C for 6 min 
[3]. Use of the previously described novel navigational bipolar RF ablation probe 
with articulation of probe tip in different orientations through a single-entry site has 
been reported for successful RF ablation of OBs. A prospective series of 11 patients 
with OBs undergoing RF ablation demonstrated complete success in terms of pain 
relief with RF ablation alone [51].

 Aneurysmal Bone Cyst and Giant Cell Tumor

Aneurysmal bone cyst (ABC) is a benign expansile vascular tumor of bone which 
can be locally aggressive, typically occurring in patients younger than 20 years of 
age [3]. ABCs involve the spinal column in 20–30% of cases, typically affecting 
posterior elements. ABCs can be challenging lesions to manage due to their large 
size and close proximity to neurovascular structures. While limited literature exists 
on use of RF ablation for its treatment, a case series of 20 patients with ABCs 
receiving RF ablation with or without concomitant vertebroplasty demonstrated RF 
ablation to be clinically successful and curative with reduction in mean visual ana-
log scale pain score in all treated cases [52]. No post-procedural complications or 
recurrence was reported within this cohort. Additional larger prospective studies 
will be needed to validate these initial findings.

Giant cell tumor (GCT) is a primary skeletal neoplasm representing 5% of all 
primary bone tumors [23]. Most commonly occurring in the long bones near articu-
lations, it comprises fewer than 5% of primary bone tumors in the spine, predomi-
nantly occurring in the sacrum [53]. These uncommon osteolytic lesions occur 
primarily in females in their twenties and thirties, often presenting with complaints 
of back pain. GCT can be associated with high recurrence rates (30–50%), with 
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preoperative RF ablation suggested to ensure adequate tumor removal and reduction 
in  local recurrence [23]. Preoperative RF ablation was reported to enable easier 
curettage of necrotic tumor with decreased potential blood loss, minimal surgical 
trauma, and preservation of osseous continuity allowing for rapid functional recov-
ery and reduction of morbidity [23]. Further studies are required to better define the 
role of RF ablation in the treatment of GCT.

 Intraosseous Spinal Glomus Tumors

Glomus tumors, also known as angioglomoid tumors, are benign vascular neo-
plasms arising from smooth muscle cells of the neuromyoarterial glomus [54]. 
Glomus tumors are most frequently located in the subcutaneous tissues of the 
extremities, especially the palmar, plantar, and subungual regions. However, glomus 
tumors have been reported in an intraosseous location, though uncommon and pos-
sibly related to secondary involvement of a soft tissue lesion. While treatment of 
choice is complete surgical resection by curettage or en bloc resection, Becce et al. 
report a case of biopsy-proven intraosseous spinal glomus tumor successfully 
treated with RF ablation with improved pain and without evidence of residual or 
recurrent disease at 6-month follow-up [54]. Additional larger prospective studies 
will be needed to validate this case report.

 Chronic Back Pain and Degenerative Spine Disease

Chronic low back pain affects more than 30 million people, approximately 
10–13% of the adult US population [55, 56]. There is a substantial body of evi-
dence supporting vertebral body endplates and nociceptors arborizing from the 
basivertebral nerve (BVN) to be a significant source of low back pain [56–58]. 
Therefore, disruption of the BVN signaling pathway via RF ablation has been 
hypothesized as a therapeutic option for chronic low back pain. Industry-
sponsored studies [56, 57] have been performed to investigate this theory, includ-
ing the INTRACEPT trial: a prospective, parallel, randomized, controlled, 
open-label, multicenter clinical trial of 140 patients with suspected vertebro-
genic chronic low back pain as well as Modic Type 1 or 2 changes from L3 to S1 
randomized to either RF ablation of the BVN or continuation of standard care 
[56]. An interim analysis at 3 months posttreatment identified a clear statistical 
superiority for all primary and secondary patient-reported outcome measures in 
the RF ablation arm compared with standard care, thereby halting enrollment and 
allowing early crossover from the control arm. Analysis of control subjects who 
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elected to crossover to treatment as well as subsequent follow-up of treatment 
arm patients at 5 years will be performed, which will provide additional long-
term data on this promising novel treatment.

Additional RF ablations performed for the treatment of degenerative spine 
disease include RF ablation of the medial branch of the dorsal ramus, which 
provides sensory innervation to the zygapophyseal (facet) joint [59–61]. Medial 
branch RF ablation has been performed in patients with centralized pain (e.g., 
fibromyalgia- like phenotype), demonstrating less improvement in overall pain 
but equal improvement in site-specific pain levels within this cohort after local-
ized interventions [62].

Targeted intraspinal RF ablation for lumbar spinal stenosis has been reported as 
an effective percutaneous alternative for treatment of spinal stenosis by reducing 
intraspinal soft tissue and creating relatively more epidural space [63]. Similarly, 
CT-guided RF nucleoplasty has been performed for the treatment of lumbar disc 
herniation, demonstrating relative efficacy and safety for treatment of leg pain 
caused by radicular encroachment [64]. These minimally invasive nonsurgical treat-
ment options are especially useful in high-risk surgical candidates, often including 
elderly patients.

 Coccydynia and Pudendal Neuralgia

Coccydynia, pain within the coccyx area, has a multitude of different causes and 
can affect a wide range of ages [65, 66]. Primary treatment is conservative ther-
apy, including rest, decreased time in the sitting position, physical therapy, usage 
of seat cushions, and NSAIDs. Several interventional therapies, including local 
injection of local anesthetics and steroids, neurolysis of sacral nerve roots, cau-
dal epidural block, and RF ablation, have been suggested for patients who do not 
respond to initial conservative therapy. In a retrospective review of 12 patients 
who underwent pulsed or thermal RF ablation for coccydynia, average pain relief 
experienced was 55.5% with positive outcomes more likely in patients who 
received prognostic blocks, suggesting sacrococcygeal nerve RF ablation may be 
a useful treatment option for patients with coccydynia who have failed more 
conservative measures [66]. Within this cohort, two cases of transient neuritis 
were reported. Additional larger prospective studies will be needed to validate 
these initial findings.

Pudendal neuralgia (PN), or “Alcock’s canal syndrome,” results from pudendal 
nerve entrapment or injury. Common areas of nerve compression include the inter-
space between the sacrotuberous and sacrospinous ligaments as well as within the 
pudendal canal of Alcock [67]. A variety of etiologies are attributable to PN, includ-
ing mechanical injury, prolonged compression, trauma during childbirth, and 
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Fig. 28.2 Radiofrequency 
ablation cannulas are 
placed bilaterally at the 
proximal aspect of 
Alcock’s canal for pulsed 
radiofrequency ablation of 
the pudendal nerves

iatrogenic during surgical procedures. PN can result in chronic pain that may be 
debilitating, often affecting the elderly. Initial management is usually conservative, 
including a combination of lifestyle modifications and pharmacologic options. If 
conservative measures do not provide adequate pain relief, invasive treatment such 
as local steroid injections and surgical decompression are typically performed. 
Pulsed RF ablation has been shown to be safe and efficacious in the treatment of 
chronic recalcitrant pelvic pain [67, 68] (Fig. 28.2).

 Cervicogenic Headache

Cervicogenic headache is a secondary headache syndrome attributable to upper 
cervical spine pathology, with an estimated prevalence of up to 4% of the general 
population and 20% of patients with chronic headache [69]. Due to the conver-
gence of upper cervical segment nociceptive afferents with the trigeminal com-
plex, pain from the upper cervical nerves may be referred to the occipital, orbital, 
frontal,  and/or parietal regions [70]. Potential culprit nerves include the greater 
occipital nerve, lesser occipital nerve, and third occipital nerves, with the greater 
and lesser occipital nerves both receiving contributions from the C2 dorsal root 
ganglion [71]. While cervicogenic headaches may occur from a variety of pathol-
ogies (e.g., tumors, fractures, infections, and arthritides), osteoarthritis of the 
lateral atlantoaxial joint with resultant C2 dorsal root ganglion irritation is an 
important, and potentially treatable, cause of cervicogenic headaches [72]. 
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a b

Fig. 28.3 Axial CT image (a) showing appropriate placement of a radiofrequency cannula for 
thermal ablation of the right C2 dorsal root ganglia for cervicogenic headache. Coronal CT refor-
mation (b) shows severe asymmetric osteoarthrosis of the right C1–C2 articulation

CT-guided RF ablation of the C2 dorsal root ganglion for treatment of cervico-
genic headache has been described [72]; however, to date, there is no high-qual-
ity randomized control trial and/or strong non- randomized control trial supporting 
use of these techniques [73, 74] (Fig. 28.3).

 Trigeminal Neuropathic Pain

Trigeminal neuropathic pain is a syndrome of unilateral, paroxysmal, stabbing 
facial pain, originating from the trigeminal nerve [75]. Most cases are caused by 
vascular compression of the trigeminal root entry zone and most patients respond 
well to pharmacotherapy. However, in the setting of refractory trigeminal neuro-
pathic pain, surgical options or neurostimulation may be explored. Neurostimulation 
directed to the trigeminal nerve itself intracranially or to its peripheral branches 
subcutaneously has been reported to be efficacious. Additionally, RF ablation of the 
spinal trigeminal tract/nucleus, by way of percutaneous CT-guided trigeminal 
nucleotractotomy of the spinal trigeminal tract, has been described as an additional 
treatment option for refractory cases [76], which may be a useful treatment option 
for elderly patients experiencing debilitating pain.

The sphenopalatine ganglion can be targeted in a similar fashion with promising 
efficacy in the treatment of cluster headaches and a variety of pain syndromes [77] 
(Fig. 28.4).
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Fig. 28.4 Axial CT image 
showing placement of 
bilateral radiofrequency 
cannula within the 
sphenopalatine ganglion 
via the pterygomaxillary 
fissure

 Conclusion

CT-guided RF ablation is an emerging cutting-edge technique and therapeutic 
option for a variety of benign and malignant entities affecting the elderly. The 
above-described literature strongly supports its use as a safe, resource-saving, and 
highly effective therapeutic option that should be considered in the appropriate clin-
ical setting. It is important to note that while RF ablation is often performed for 
treatment of painful osseous lesions, RF ablation in itself can induce significant 
peri-procedural and immediate post-procedural pain [3]. This is in part due to a 
significant inflammatory reaction that occurs post-ablation, though short-term cor-
ticosteroid therapy immediately after treatment has been reported to be effective for 
pain management and allows for prompt hospital discharge [51].

Ultimately, healthcare utilization has been shown to significantly decrease post-
 RF ablation, including complete elimination of opioid use in some patients due to 
alleviation of pain with a corresponding improvement in quality of life [78]. For 
these reasons, RF ablation should be highly considered in the management of spine 
disease in the elderly.
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Chapter 29
Dorsal Root Ganglion and Peripheral 
Nerve Stimulation in the Treatment of Low 
Back and Leg Pain

Neel D. Mehta and Rohit Aiyer

 Introduction

Spinal cord stimulation (SCS) has been commonly used in the treatment of low 
back pain for many years in patients suffering from post-laminectomy syndrome 
(see Chap. 30). These devices utilize placement of electrode leads in the epidural 
space of the spinal cord to stimulate near the dorsal column. Historically, while leg 
pain could be adequately treated using this therapy, low back pain relief had mixed 
results. Newer and emerging technologies have improved treatment effect and dura-
bility and have been utilized in patients previously not operated on as a surgical 
alternative in elderly patients. These treatments can be less invasive and often com-
pleted under sedation anesthesia with minimal blood loss.

Recently, two therapies have been utilized in the treatment of spine pain utilizing 
neuromodulation techniques with differing targets and purpose. While the overall 
treatment leads to improved quality of life and functional improvement, one therapy 
(DRGS) reduces pain, while the other is focused on restorative treatment of chronic 
mechanical low back pain (CMLBP). These two concepts will be discussed in detail 
in the below sections.

Over the past several years, there has been an abundance of research on the 
causes for chronic low back pain. There are several potential causes for chronic low 
back pain, which include mechanical stress; damage to joints, ligaments, muscles, 
and fascia; compression of nerve roots in the spinal canal; and neuropathic pain [1]. 
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It should be noted that pain that is worsened on certain movements is generally 
nociceptive in character and therefore is known as mechanical low back pain. One 
area that has been extensively investigated is the lumbar multifidus (LM) muscle 
group. The muscle is divided into three layers: superficial, intermediate, and deep 
fibers [2]. The intermediate and superficial fibers span three to five vertebral levels 
and function phasically, while the deep fibers span over two vertebral levels and 
function tonically [2]. The LM is the most medial and largest muscle in the back, as 
it is spread over the lumbosacral junction. There has been good evidence to show 
that this muscle group is inhibited in patients with acute low back pain [3]. Other 
research has also shown that a change in neuromuscular recruitment of the LM can 
contribute to injury and instability of the lumbar spine and may be worse in elderly 
patients [1]. There is literature that suggests a patient’s inability to properly recruit 
the affected LM can lead to accelerated muscle fatigue, maladaptive recruitment 
patterns, and muscle atrophy and is known as motor control impairment [4]. As a 
result, spine stability and loading is negatively impacted, and furthermore, this leads 
to a cyclical process of chronic low back pain as patients also have an increased risk 
of reinjury while having this pain, often leading to chronic disability in the 
elderly [1].

 Neurophysiology of Low Back Pain

Neurophysiological research suggests that cerebral processing of the motor control 
system is altered which can lead to a loss of discrete cortical organization of inputs 
to the lumbar paraspinal muscles. There is also a phenomenon known as reflex inhi-
bition, which has been studied and demonstrates that during injury to spine struc-
tures, there can be a reduction in electrical activity (which is confirmed with 
electromyography studies) [4]. As a result, to allow for a person to recover from 
their chronic low back pain, motor control impairment has to be suppressed [1].

 Dorsal Root Ganglion Stimulation

The treatment of chronic pain using DRGS has primarily focused on conditions 
involving severe neuropathic pain including complex regional pain syndrome [5, 6]. 
However, emerging evidence has focused this therapy in the treatment of spine pain, 
especially difficult to treat low back pain [7, 8]. The dorsal root ganglion (DRG) 
focuses on the primary sensory neurons transmitting afferent nociception, and could 
better treat beyond strictly neuropathic pain, including nociceptive or mixed noci-
ceptive/neuropathic pain conditions involved in chronic low back pain (CLBP) [9].

Dorsal root ganglion stimulation involves similar technology as SCS, including 
electrodes and a pulse generator. However, leads are often smaller, with shorter 
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spacing between electrodes, and more flexibility in steering toward the 
DRG.  Techniques can involve placement from outside of the foramen entering 
inward, or from medial to lateral via the interlaminar space. Leads are secured either 
through redundant loops or anchoring to fascia.

Target DRG can be identified based on the dermatome pattern (S1 typically for 
lower radicular pain); however, back pain targets have been debated between T12 
and L2. Dermatome maps show the low back area innervation by L1–L5 dermatome 
levels [10]. A case series of 17 consecutive patients with primary targets at T12 with 
CLBP and additional leads at either L1 or S1 as needed were trialed and subse-
quently implanted for DRG-S. Subthreshold stimulation was utilized with no per-
ceived paresthesias. Last follow-up times averaged 8.3 months. More than half of 
the patients experienced pain relief ≥80%, with an average low back pain relief of 
78%, with improvements in physical and mental functioning, disability, and quality 
of life [11]. A 12-patient case series of targets for low back pain at L2 or L3 was less 
effective with 46% patients reporting 50% pain relief [8]. Focal discogenic back 
pain following micro discectomy surgery treated with DRG-S was studied in a 
13-patient case series showing 85% of patients showing 50% relief of pain when 
targeting L2 [12]. The same authors studied low back pain treatment using DRG-S 
in non- operated discogenic back pain patients by once again targeting L2 in a case 
series of 20 patients, in which 63% experienced significant back pain relief [13].

Of the case series listed above, T12 appears to be the most likely target for suc-
cess in low back pain relief using DRG-S. The authors of the T12 case series further 
hypothesized a mechanism of action. Branches of individual spinal nerve roots 
innervate facet joints and other posterior spinal structures, yet painful discs and 
anterior vertebral bodies travel via L2 and converge at the T8–9 spinal cord dorsal 
horn. The T12 nerve root contains cutaneous afferents from the low back and enters 
the DH of the spinal cord at T10. Low back Aδ and C-fibers travel via Lissauer’s 
tract (LT) to T8-T9, converging with other low back afferents. DRG-S at T12, then, 
results in inhibition of the converged low back fibers via endorphin-mediated and 
GABAergic frequency-dependent mechanisms. Therefore, T12 lead placement may 
be the optimal location for DRG-S to treat LBP [14].

 Peripheral Nerve Stimulation

A new method that has been recently analyzed is the utilization of an implant device 
to stimulate the medial branch of the dorsal ramus nerve which overrides the reflex 
inhibition [1]. Anatomically, it is thought that the clinically most effective target for 
stimulation in chronic low back pain is the deep fibers in the LM [1]. As a result, 
peripheral nerve stimulation (PNS) has evolved over the past few years, a method to 
treat chronic low back pain. This intervention is beneficial as it is minimally inva-
sive and stimulates nerve fibers to modulate central sensitization [15]. The PNS 
system activates signals in the medial branch nerves which innervate the multifidus 
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muscles. The PNS leads can be inserted to target the medial branches as it travels 
over the lamina, medial, and inferior part of the facet joint, which then activates the 
medial branch nerves [15]. Anatomic landmarks for this procedure include the spi-
nous process and lamina, and imaging is either ultrasound or fluoroscopy [15]. It is 
thought that stimulating afferent sensory fibers initiate the gate mechanism, which 
in return decreases pain signals. Concurrently, efferent nerve fibers activate the mul-
tifidus muscles which indirectly produces physiological and proprioceptive afferent 
signals [10]. Consequently, this neuromodulation technique is unique in that it stim-
ulates both motor and sensory fibers [15]. The additive effect of stimulating both 
fibers is thought to modulate synaptic transmission via gate control and therefore 
helps return membrane excitability of neurons and circuits in nociceptive pathways 
in the central nervous system to baseline [15].

As of present, there are several case series and case reports, as well as few ran-
domized controlled trials that have evaluated the use of PNS for chronic pain, and 
not limited to just low back pain. One large international multicenter prospective 
clinical trial that studied 54 patients with an implanted neurostimulator for low back 
pain showed good results, with over 61% relief at 6 months and 57% relief at 1 year 
[16]. The clinicians and researchers utilized an implanted pulse generator (IPG) and 
two leads, which contained four electrodes and was placed near the medial branch 
of the L2 dorsal ramus nerve as it crosses the L3 transverse process. More specifi-
cally, the distal end of each lead was fixated in the intertransversarii muscles that are 
located between the transverse processes, and therefore away from the dorsal root 
ganglion and neural foramen [17].

Another study investigated the use of peripheral nerve stimulation as alternative 
to patients with chronic low back pain that failed radiofrequency ablation [16]. As 
opposed to having another ablation, these patients underwent implantation of PNS 
percutaneous leads that targeted the medial branch nerves within the multifidus 
muscles. The stimulation therapy then activated the multifidus muscles for 6–12 h 
daily for 60 days. After 2 months, the leads were withdrawn. The results showed 
that among the 15 patients, 10 had over 50% reduction in average pain intensity and 
13 showed improvement in disability, while 12 patients had improvement in pain 
interference [16].

As with any procedure in neuromodulation, clinicians should be aware of poten-
tial risks, with the common ones being lead fracture, migration, and infection. These 
adverse events can be mitigated, such as treating an infection with antibiotics or 
having a lead replaced if the patient experiences lead migration.

 Conclusion

PNS and neuromodulation of the multifidus muscle for chronic low back pain 
appears to be a promising new treatment that is relatively low risk for elderly 
patients, especially as a potential less invasive surgical option. While the interven-
tion is relatively new for alleviation of chronic low back pain, further research over 

N. D. Mehta and R. Aiyer



459

the next few years should help further establish the effectiveness of this treatment. 
Similarly, DRG-S targeting of the T12 or L2 DRG is promising for low back pain 
treatment and further studies are underway.
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Chapter 30
SI Joint in the Elderly

Kenneth J. Holton and David W. Polly Jr

The sacroiliac (SI) joint is the largest joint by surface area in the body. It transfers 
significant loads from axial spine to the lower extremities. In the situation of posi-
tive sagittal imbalance or flatback syndrome, the forces are increased as the erector 
spinae muscles are constantly firing generating increased cantilever loads to main-
tain erect posture. In men typically S1–S3 have articulations between the sacrum 
and the ilium (Fig. 30.1a), but in women it is often only S1–S2 (Fig. 30.1b). The 
surface has various undulations or grooves and is not simply a smooth surface.

The SI joint is stabilized by a combination of form and force closure [1]. The 
form closure is the keystone shape of the sacrum within the pelvis. The force clo-
sure is the surrounding musculature and fascia exerting a compressive force across 
the joint. Ligamentous contributions to stability include the anterior joint capsule 
and the posterior interosseous ligament. These are supplemented by the sacrotuber-
ous and sacrospinous ligaments, all of which help to stabilize the entire pelvis. With 
aging or degeneration, there is probably an alteration in the function of the liga-
ments [2].

The SI joint has a small range of motion. It has been studied using radiostereo-
metric analysis, external fixator differential movement, and electrogoniometer and 
by CT scans [3–6]. It is 1.1° to 2.2° in flexion extension (nutation/counternutation), 
0.5° to 8.0° in lateral bending, and 0.8° to 4.0° in axial rotation. This is in normal 
individuals. Mikula has reported changes in pelvic incidence of 7.1° supine versus 
upright in patients with bilateral vacuum signs on CT scans [7]. This may be a good 
indication of instability.

The SI joint is innervated by ventral and dorsal structures. Ventral innervation 
comes from direct branches off of the lumbosacral trunk to the anterior capsule and 
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a b

Fig. 30.1 (a) Ferguson or inlet view of 76-year-old male. This demonstrates S1–S3 articulation 
with the ilium. Incidentally seen is avulsion of the anterior inferior iliac spine on the right 
(Corresponding lateral view). (b) Ferguson view of 81-year-old female. Clear articulation of S1–2 
with ilium but only partial S3 articulation (Corresponding lateral image)

to the articular cartilage [8]. Dorsal rami from S1 to S4 (and possibly L5) provide 
dorsal innervation. The joint has mechanoreceptors and nocioceptors [9–11].

Radiographic degeneration is prevalent with aging and not necessarily associated 
with pain [12]. Pain can be present radiographically in normal joints and no imaging 
study modality is definitive for painful versus non-painful SI joints. Computed 
tomography (CT) imaging is challenging (Fig. 30.2). It has been reported to have a 
sensitivity of 57.5% and specificity of 69% in patients with SI joint-mediated pain. 
The value of radionuclide imaging is debated [13, 14]. Perhaps vacuum sign may be 
prognostic. Recently, it has been shown to be associated with change in PI supine vs 
upright perhaps representing instability [7]. There is profound regional bone min-
eral density variation within the sacrum [15] (Fig. 30.3).
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Fig. 30.2 3D CT images from 81-year-old female patient

Confirmatory SI joint image-guided injection is the current reference standard 
[16]. The injection needs to be done under image guidance to confirm location 
within the joint (Fig. 30.4). Typically, a confirmatory arthrogram is done. If there is 
significant extravasation of the contrast outside of the joint, then it is unclear where 
the local anesthetic is going and should not be considered an adequate study. If there 
is any doubt or there is technical difficulty in accessing the joint, using CT guidance 
for the injection can be quite helpful. There is some debate about what amount of 
pain relief constitutes a positive response. This was studied in patients participating 
in two randomized controlled trials and used patient-reported outcomes as the refer-
ence standard and then looked at level of block response (50–75% vs 75–100%) 
[17]. No difference was seen between these groups suggesting that a 50% response 
is the appropriate threshold.

Physical exam can reliably diagnose the SI joint as the pain generator [18]. It 
begins with asking the patient to point to the one spot that hurts the most. This is the 
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Fig. 30.3 Opportunistic bone mineral density comparing the sacral ala (−11.20 Hounsfield units) 
to the S1 body (207.96 Hounsfield units)

Fig. 30.4 (Left) CT-guided diagnostic injection. (Right) Fluoroscopically guided SI injection with 
arthrogram outlining the joint

so-called Fortin finger sign when they point directly to the posterior superior iliac 
spine. No single physical exam maneuver is sensitive and specific, but if five tests 
are used as a multitest survey, the reliability and specificity are high (85% positive 
predictive value of a positive response to injection). These tests include thigh thrust, 
flexion abduction external rotation (FABER), pelvic gapping, pelvic compression, 
and Gaenslen’s test (Fig. 30.5). Some studies have also added sacral thrust as a sixth 
test. In Europe, the active straight leg raise test is frequently used. Care must be 
exercised to rule out hip and spine pathology. The hip scour test examines for pain 
with hip range of motion (differentiating the posterior hip capsule vs the posterior 
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Fig. 30.5 Physical exam maneuvers including thigh thrust, FABER, pelvic gapping, pelvic com-
pression, Gaenslen’s maneuver, and sacral thrust

superior iliac spine). Similarly, exam of the spine is specifically looking at facet 
loading, radiculopathy (which can be present from SI joint pathology as well) [19], 
and spine range of motion. Specifically looking for quadratus lumborum tender-
ness/spasm is a common finding in these patients due to altered gait pattern. 
Appropriate spine and hip imaging is necessary depending on the physical exam 
findings.

The differential diagnosis of buttock pain is complex. In addition to SI joint pain, 
other common entities include piriformis syndrome, femoroacetabular impinge-
ment, labral tears within the hip, ischial tuberosity bursitis, hip osteoarthritis, 
referred spine pain, and sacralgia.

In patients with primary SI pain, fusion has been shown to have a high rate of 
success. There have been two randomized controlled trials compared to nonopera-
tive treatment, and one prospective cohort study looking at fusion with triangular 
titanium rods and 2-year results [20–22]. These studies were aggregated into a 
pooled analysis [23] (Fig. 30.6). Approximately 85% of patients saw a 50% reduc-
tion in visual analog pain scales and in Oswestry Disability Index scores. Both of 
these were clinically significant differences being greater than the minimally clini-
cally important differences. These results have been durable through 5 years [24].

Patients with spine fusions increase load across the SI joint. Ivanov, using a finite 
element model, showed that fusing the L5–S1 increases the stress on the SI joint by 
52% and fusing L4–S1 increases it by 168% [25]. Conversely, fusing the SI joint 
increases the stress on the spine by 2–4% [26] and on the hip by 5% [27]. Ha [28] 
showed that in patients undergoing floating fusions, the CT-based radiographic 
degeneration rate was 38%, whereas fusion to the sacrum resulted in a 75% rate of 
degeneration.
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Fig. 30.6 Results of data pooled from two randomized controlled trials, INSITE and iMIA, and 
one prospective cohort study, SIFI, of minimally invasive SI joint fusion using triangular titanium 
rods. Data is broken down by age of <45, 45–65, and >65 [23]

Long fusions to the sacrum have a historically high rate of pseudarthrosis. Lee 
showed that four level fusions or greater had a 30% or greater rate of pseudarthrosis 
[29]. This high rate of pseudarthrosis has led to the search for strategies to improve 
spinopelvic fixation (Fig. 30.7). This began with the Galveston technique of bend-
ing rods so that they could be directly inserted into the sacrum [30]. This then 
morphed into the initial use of iliac bolts, followed by iliac screws. McChord [31] 
showed that iliac fixation was significantly superior to other forms of sacral fixation 
and established the concept of the pivot point located at the posterior portion of the 
L5–S1 disc. Fixation extending anterior to the pivot point is far more robust and 
experiences cantilever loading rather than just in line pullout.

Iliac fixation spans an unfused SI joint. As such, there is still motion present. 
This motion leads to halo formation around iliac fixation. In addition, there is 
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Fig. 30.7 Evolution of pelvic fixation (top – left to right), classic Galveston, iliac screws, stacked 
iliac and screws; (middle—left to right), divergent stacked iliac screws, S2AI screws, and stacked 
S2AI screws; (bottom—left to right), stacked S2AI screws with quad rods, S2AI screws with tri-
angular titanium rods, and stacked S2AI and iliac screws

typically prominence of iliac fixation. There can be a high revision and/or failure 
rate of iliac fixation. These rates can be as high as 30–35% (personal experience 
Polly unpublished data and podium#23 presented at the Scoliosis Research Society 
2020 annual meeting by Eastlack et al.).

The next development in pelvic fixation by Sponseller and Kebaish has been the 
use of the S2 alar iliac (S2AI) screw [32]. This screw requires less lateral dissection 
and crosses the sacrum, through the SI joint, and into the ilium. The biomechanics 
are at least as good as conventional iliac screws [33]. Systematic review has shown 
a lower revision and failure rate of S2AI screws compared to conventional iliac 
screws [34]. But S2AI screws have problems as well. A recent study demonstrated 
a failure rate due to set plug extrusion, screw breakage below the tulip head, and 
fracture where the screw crosses the SI joint [35]. These are all locations where 
finite element modeling has demonstrated increased stress.

Unoki showed longer fusions’ higher rate of new onset SI pain with 1 level being 
6%, 2 levels 10%, 3 levels 20%, and >4 levels 23% [36]. Finger showed 32% of 
persisting or new SI pain in 32% [37]. This has led to strategies such as stacked 
ipsilateral iliac or S2AI screws with the hope of eliminating this pain. There is no 
compelling data yet on the effectiveness of such a strategy.
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Given this rate of pelvic fixation and loosening, there is increased interest in 
concomitant SI joint fusion. Biomechanically, this has been shown in a finite ele-
ment model to decrease strain on the S1 screws and the rods at the lumbosacral 
junction [38]. Similar findings on a cadaveric model were also found (Fig. 30.8). 
Our group at the University of Minnesota has been doing this technique for more 
than a year. We utilize intraoperative navigation to place the implants. In order to 
succeed, the S2AI screw must be placed low in the teardrop, as close to the sciatic 
notch as possible. This allows for placement of a triangular titanium rod above the 
S2AI screw and just below the iliopectineal line. As the triangular titanium rod 
crosses the SI joint, there is a tendency for it to want to skive anteriorly, and this 
must be carefully controlled. Our group had 3/38 of our initial triangular titanium 

Fig. 30.8 Post revision imaging showing revision instrumentation and pelvic fixation with S2alar 
iliac screws and triangular titanium rods for concomitant SI joint fusion
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rods malpositioned. This was determined intraoperatively and all were able to be 
successfully repositioned. We have not had that issue recur in subsequent cases. 
Clinical results are not yet available to demonstrate whether or not this technique 
lessens screw loosening or the rate of SI joint pain. A randomized, multicenter clini-
cal trial is currently underway.

In summary, the SI joint can be a source of pain. This can be determined by 
physical exam and confirmed with a diagnostic injection. SI joint fusion has clinical 
data demonstrating meaningful clinical benefit. Spinal fusion places significantly 
more stress on the joint. Pelvic fixation has a significant rate of loosening and a need 
for revision. Strategies to lessen this rate include stacked screws or screws and con-
comitant SI joint fusion. There is biomechanical data to support this strategy. 
Clinical efficacy remains to be determined.
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