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Introduction

Multidisciplinary spine care is organized into six sections: (1) non-operative care, 
(2) spine injections and procedures, (3) perioperative care, (4) operative care, (5) 
pediatric care, and (6) special topics. Our operative team includes neurosurgeons, 
orthopedic surgeons, and physician assistants. The non-operative team includes 
pain management specialists, physical medicine and rehabilitation physicians, 
nurses, and nurse advanced practice practitioners. The perioperative team includes 
psychologists, internists, anesthesiologists, and intensivists. Our interdisciplinary 
pain program team includes pain management physicians, psychologists, physical 
therapists, and case managers. This book presents multiple aspects of spine care 
from the perspective of different disciplines. Each chapter has been written by a 
clinician whose active practice involves the topic of their chapter. The authors hope 
the reader will find the book to be clinically relevant and easy to read. The advan-
tages of having a multidisciplinary spine program under one roof include closer 
collaboration between operative and non-operative care physicians, improved com-
munication, research, education, and training. The importance of these strengths 
have only been highlighted during the pandemic.

Chronic back pain continues to be a challenging problem, and the biopsychoso-
cial approach to patients with chronic back pain using an interdisciplinary pain 
rehabilitation program is an important treatment option in a comprehensive spine 
program. Interdisciplinary rehabilitation programs have long been recognized as a 
safe and cost-effective treatment for chronic back pain [1–3]. These programs pro-
vide cognitive behavioral therapy and physical therapy in addition to medical treat-
ment. Gatchel has shown that acute back pain is also effectively treated with an 
interdisciplinary approach in patients who are at high risk of developing chronic 
pain [4–7]. High-risk patients who are treated with an early intervention have simi-
lar outcomes to low-risk patients and much less pain, disability, opioid use, and 
healthcare utilization compared to high-risk patients treated with usual care. 
Interdisciplinary treatment is also an alternative to lumbar fusion surgery [8–11]. 
Multiple randomized trials have shown patients have similar long-term functional 
status after either interdisciplinary treatment or lumbar fusion. Neck pain is simi-
larly responsive to interdisciplinary treatment [12–18]. Several trials have shown 
that interdisciplinary treatment is more effective than usual care for neck pain. 
Interdisciplinary programs are also an effective alternative to long-term opioid ther-
apy [19, 20]. Many patients are able to discontinue or reduce opioids without 
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adverse outcomes. Reducing long-term opioid use is likely safer for patients and 
reduces the risk of diversion, substance use disorder, and overdose. For these clini-
cal needs, interdisciplinary programs, with group education, medical, psychologi-
cal, and physiotherapy, are an important capability of multidisciplinary spine care.
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1

1Lifestyle Management of Spine Patient

Kavita Trivedi and Esther Yoon

 Introduction

The average human spine has 33 vertebra, 100 joints, 120 muscles and 220 liga-
ments. It is literally our backbone and is central to help keep us upright and moving. 
Therefore, it is important that we take care of our spine in all that we do. This 
includes our activities at home, at work, at school, during the times that we play and 
socialize, both during the day and at night. It is important to understand the anatomy 
of our spine in order to recognize how all the different aspects of our lives affect our 
spine health.

The spinal column is composed of 7 cervical, 12 thoracic, 5 lumbar and 5 fused 
sacral vertebrae, along with 5 coccygeal bones. The cervical, thoracic and lumbar 
vertebrae are similar in structure except for the first (atlas) and second (axis) cervi-
cal vertebrae. Each “standard” vertebra is composed of a body, two pedicles, two 
lamina, four articular facets, and a spinous process. The atlas is composed of a ring 
of bone without a body, whereas the axis has an odontoid process around which the 
atlas rotates. Between each pair of vertebrae are two openings, the foramina, through 
which pass a spinal nerve, radicular blood vessels, and the sinuvertebral nerves 
(recurrent meningeal nerves). Each foramen is bordered superiorly and inferiorly by 
pedicles, anteriorly by the intervertebral disc and adjacent vertebral body surfaces, 
and posteriorly by the facet joint [34] (Figs. 1.1, 1.2 and 1.3).

The spinal canal itself is formed posterolaterally by the laminae and ligamentum 
flavum, anterolaterally by the pedicles, and anteriorly by the posterior surfaces of 
the vertebral bodies and intervertebral discs [34]. One retrospective study deter-
mined that patients with a sagittal cervical spinal canal diameter of less than 10 mm 
had myelopathy and those with a diameter of 10–13  mm had pre-myelopathic 
changes. Additionally, they found that patients with a diameter of 13–17 mm were 
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Fig. 1.1 Posterior view of 
spine

Fig. 1.2 Lumbar vertebrae
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Fig. 1.3 Thoracic 
vertebrae

less prone to myelopathy but were prone to symptomatic cervical spondylosis and 
those with a diameter of greater than 17 mm were not prone to development of cer-
vical spondylosis [39]. With regard to the lumbar canal, the midsagittal diameter is 
approximately 18 mm. Narrowing as a result of spondylosis coupled with extension 
can compromise the cauda equina and the accompanying vasculature, producing 
symptoms of neurogenic claudication [34].

In addition to anatomic variations that can cause a spinal problem in patients, 
there are other mechanical conditions in the spine which can be problematic. One 
contributor to mechanical issues in the spine is the intervertebral disc. The interver-
tebral disc is a fibrocartilaginous structure whose main function is to transmit com-
pressible load between the vertebral bodies, while also providing flexibility [38]. 
Mechanical causes of discogenic pain include torsional injury and internal disc dis-
ruption. Torsion injury is believed to result from forcible rotation of the interverte-
bral joint [14]. A study by Farfan indicated that about 90% of the torque strength of 
an intervertebral joint is provided by its disc and the two joints between the articular 
processes with the disc and the joints between the articular processes contributing 
almost equal portions [41]. Lumbar disc herniation is a common low back disorder 
and the most common cause of sciatica in adults [43]. In addition to lumbar spine 
disc herniation, cervical spine disc herniation is a common source of cervical radic-
ulopathy [122]. Various factors have been ascribed to the etiology of lumbar disc 
herniation, such as compressive stress, aging, overweight and toxic factors [54]. 
Cigarette smoking generates toxic substances, which may play a role in degenera-
tion of the disc [102]. A 2016 systematic review demonstrated that cigarette smok-
ing had a statistically significant association with increased risk of lumbar disc 
herniation [59]. This review conducted further analysis which showed that both 
male and female smokers had a similar risk of lumbar disc herniation and that cur-
rent smokers showed a higher risk of developing lumbar disc herniation than former 
smokers. Furthermore, smokers from Asia were most likely to develop lumbar disc 
herniation, followed by those from Europe and North America. Another disc issue 
that can cause spine pain is degenerative disc disease. Degenerative disc disease is 
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a multifaceted progressive irreversible condition and an inevitable part of aging, 
which has been found to be a contributing factor for low back pain and might cause 
radiculopathy, myelopathy, spinal stenosis, degenerative spondylolisthesis and her-
niations. Although the genetic influence is more dominant, the occupational and 
mechanical influences still persist as a major risk factor [57]. Internal disc disrup-
tion results from lumbar disc degradation, its nuclear components, and development 
of radial fissures that extend from the nucleus into the annulus [127]. Internal disc 
disruption is thought to be the most common type of discogenic pain and is not to 
be confused with degenerative changes which are a normal part of aging [14] 
(Fig. 1.4).

Another mechanical issue of the spine which can cause spine pain is facet- 
mediated pain. This refers to pathology of the diarthrodial zygapophyseal joint or 
the facet joint. This joint is located at either side of the posterior vertebral body. The 
facet joint’s opposing bony surfaces are covered by a layer of hyaline articular car-
tilage, and the joint is encapsulated by the synovium and fibrous capsule [107]. 
Facet joints work in pairs, along with the intervertebral disc, to constrain the motion 
of the vertebra while aiding in the transmission of spinal loads [110]. This is often 

Fig. 1.4 Side view of 
lumbar discs; arrow 
indicates lumbar disc 
herniation at L4–L5 level
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referred to as the three-joint complex. The facet joint ensures that the spinal column 
resists joint distraction, shear forces, and lateral or anteroposterior translation and 
imparts sufficient torsional stiffness [66]. The main causes of facet-mediated pain 
are trauma, where a facet joint can dislocate or fracture, and degeneration which can 
be trauma or age-induced. Anatomical studies have found that as aging occurs, the 
joints become weaker and more biplanar, transitioning from a largely coronal orien-
tation to a more prominent sagittal positioning. This is known as tropism and has 
been found to occur in 20–40% of the general population [99]. The three most cau-
dal facet joints, L3–L4, L4–L5, and L5–S1, are exposed to the greatest strain during 
lateral bending and forward flexion and are thus more prone to repetitive strain, 
inflammation, joint hypertrophy, and osteophyte formation [25] (Fig. 1.5).

Additionally, lumbar strain is another mechanical issue that can cause spine pain. 
A similar process can occur in the cervical and thoracic spine. Lumbar strain or 
sprain is defined as diffuse pain in the lumbar muscles which can involve radiation 
to the buttocks. Lumbar strain or sprain accounts for more than 70% of mechanical 
low back pain [68]. There are numerous causes of spine strain such as participation 
in certain sports including (but not limited to) weight lifting, football, cycling, run-
ning, baseball, ballet, rowing, gymnastics and wrestling. Low back pain is more 
common in some athletes than in others [15]. One prospective study found that 

Fig. 1.5 Oblique view of 
portion of the lumbar 
spine; arrows indicate 
lumbar facet joints
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wrestlers had the highest rate of severe low back pain, while rates were lower for 
tennis and soccer players [83]. Another study found that in comparison to other 
athletes, gymnasts appear to be the most likely to report severe back pain [128]. In 
addition, certain occupations that require frequent periods of static lumbar flexion 
are known to be risk factors for the development of a low back disorder [121]. Such 
professions include surgeons, dentists and certain industrial jobs. Although the task 
requirement, surgical equipment and operating theatre set up individualized to pro-
cedures differs across specialties, low back pain is a consistent finding across all 
surgical specialties [141]. In terms of industrial jobs, one study found that an 
increase in the magnitude of lifting frequency, load movement, trunk lateral veloc-
ity, trunk twisting velocity, and trunk sagittal angle significantly increases the risk 
of a low back disorder [88]. Other conditions including pregnancy, metastatic dis-
ease to the spine and previous spine surgery can cause cervical, thoracic or lumbar 
strain. The recent increase in working from home has forced individuals to find 
spaces in their homes which can be used as an office. This often involves a subopti-
mal ergonomic design which leads to prolonged periods of poor posture.

 How Posture Affects the Spine

Many of us have been told to “sit up straight” or “stop slouching” by a parent or 
teacher at some point in our lives. That little piece of advice has become so relevant 
in today’s society where a majority of the population spends a significant amount of 
time sitting, whether that be in front of a desk, computer, television, tablet or phone. 
Individuals who sit throughout the majority of the day often develop low back pain 
(LBP) and other spinal issues. Sustained body postures and postures outside of neu-
tral have been identified as risk factors for the development of LBP as it leads to 
prolonged muscle contractions [56] and changes in intervertebral disc pressure 
[146]. According to the 2016 analysis of health care spending in the United States 
(US), the Journal of the American Medical Association (JAMA) reported that health 
care amounted to more than 17% of the US economy and low back pain and neck 
pain accounted for the third highest amount of health care spending at $87.6 billion 
from 1996 through 2013 [36]. The total cost of back pain in the US was estimated 
to be $100–200 billion in 2006 with two-thirds of the estimated amount due to indi-
rect costs from productivity loss and absence of work [67]. In addition, low back 
pain was the leading cause of industrial disability payments and the second leading 
medical cause of industrial work loss [20]. As spinal issues continue to grow in 
prevalence and have an immense burden on the health care system and economy, it 
is essential to counsel patients on easily accessible and inexpensive conservative 
measures such as posture training for prevention as well as management of pain and 
function.

In terms of anatomy, the spine consists of the cervical, thoracic, lumbar, sacral, 
and coccygeal vertebral regions as well as the intervertebral discs, ligaments, rib 
cage, and spinal musculature [144]. Components of the whole spine work in 
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conjunction and serve to protect the spinal cord, support and bear load, and provide 
motion. In a normal, neutral spine, the cervical and lumbar regions have lordotic 
curves while the thoracic and sacral/coccygeal regions have kyphotic curves. Newer 
studies also account for the anatomical relationship between the spine, pelvis, and 
hip joints as an important factor when describing the positioning of the whole spine. 
The relationship between these parts is referred to as sagittal balance, which is the 
anterior-posterior position of C7 with respect to the sacrum [74]. Deviations from 
the sagittal balance has been shown to correlate with clinical symptoms. In addition, 
the Spine Stabilizing System hypothesis posed by Panjabi in 1992 stated that the 
role of the complex neuromuscular system is to keep the spine mechanically stable 
to avoid injury that eventually leads to pain [111]. This suggests that proper posi-
tioning and posture to maintain a neutral spine in sagittal balance keeps the spine 
mechanically stable and protects it from injury and pain.

In the 1960s, Nachemson measured lumbar intradiscal pressures in different 
positions of the body [100]. This study revealed that the intradiscal pressure in 
supine position is about 25% of the pressure in standing position, whereas sitting 
position increases the intradiscal pressure by 40% compared to the pressure in 
standing position. It also showed that leaning forward substantially increased intra-
discal pressure, whether it be in the sitting or standing position. Similarly, lifting a 
10 kg weight in the forward flexed position further increased intradiscal pressure, 
both in sitting and standing. Intradiscal pressure increases in sitting because of the 
increased trunk moment when the pelvis rotates backwards and because of disk 
deformation from flattening of the lumbar spine, both of which also disrupts the 
sagittal balance [113]. With prolonged standing, muscle activity is required to main-
tain an upright posture and any shift in the center of gravity, such as an outstretched 
arm or external weight, requires active counterbalance to maintain equilibrium 
[113]. When fully flexing the spine, the lumbar extensor muscles become inactive 
and unable to support anterior shear forces which are highly correlated to the risk of 
back injury [91]. When these studies are applied outside of a clinical setting, they 
suggest that jobs or activities that require prolonged sitting, such as an office worker 
or truck driver, or jobs that require constant forward flexed postures, such as con-
struction, warehouse workers and gardeners, have a higher risk of back injury.

As previously mentioned, prolonged sitting results in posterior rotation of the 
pelvis and flattening of the lumbar lordosis. This results in posterior migration of 
the nucleus pulposus [4] and increased passive strain on the posterior spinal ele-
ments [2], which together increases the risk of disc herniation [114]. A study by 
Wilke in the 1990s sought to measure intradiscal pressure during various activities 
and positions with a more advanced transducer than used by Nachemson in the 
1960s [147]. As far as sitting posture, this study found, as predicted, that sitting 
relaxed without a backrest produced 0.46 MPa of intradiscal pressure, whereas sit-
ting with maximum flexion produced 0.83 MPa of intradiscal pressure. However, 
the study also found that sitting slouched into the backrest of the chair actually 
decreased intradiscal pressure, producing only 0.27 MPa of pressure. Wilke con-
cluded that more load was transferred through the backrest with increased 
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slouching, accounting for the decreased pressure recordings of the study. The results 
of this study suggest that increasing the contact of the backrest on the low back 
allows for more load transfer to help decrease lumbar intradiscal pressure during 
sitting position and may also allow for reduction in the passive strain on the poste-
rior elements. Similarly, the use of a lumbar support cushion can increase the con-
tact on the low back as well as maintain the natural lordotic curvature to decrease 
posterior element strain [85]. One study measured the effects of a lumbar support 
pillow on comfort and posture during a prolonged seated task in subjects with and 
without low back pain [51]. This study indicated that a lumbar support pillow was 
better at increasing the natural lumbar lordosis as well as neutral thoracolumbar 
curvature during sitting in both populations. In addition, this study had a postural 
amplitude difference of about 2–3° in the lumbar region. A separate study has dem-
onstrated that small changes of 2–3° may significantly impact the compressive load 
at the L4/5 level [23]. However, the study by Grondin did not report any significant 
improvements in reported comfort. In another study, significant improvements were 
demonstrated in the visual analog scales for low back pain, stiffness, and fatigue in 
volunteers who used a fixed lumbar support or a continuous passive motion device 
with prolonged sitting compared to volunteers who had no lumbar support with 
prolonged sitting [6]. A systematic review of the effects of chair backrests on low 
back pain, low back discomfort, and trunk muscle activation found moderate evi-
dence that chair backrests decrease paraspinal muscle activation and limited evi-
dence that they reduce low back discomfort [28]. Therefore, although there are 
several studies that demonstrate improvements in the sagittal balance with the use 
of lumbar support as well as reduced pain and discomfort, the overall evidence is 
limited for the use of backrests for management of low back pain. As low back pain 
is often multifactorial, management will likely require more than an isolated modi-
fication of sitting posture. However, as there are minimal risks with using a seated 
lumbar support, it is reasonable to discuss its use as a part of a patient’s lifestyle 
management and complete care of their low back pain (Fig. 1.6).

In addition to the sagittal imbalance and increase in intervertebral disc pressure, 
prolonged seated posture leads to inactivity that, in itself, may be injurious as lack 
of movement leads to accumulation of metabolites that may accelerate degeneration 
of discs and increase risk of disc herniation [113]. It also results in tightening of 
lower extremity muscles, decreased circulation, and deconditioning, which results 
in increased pain and stiffness [31]. A study aiming to determine whether sitting on 
a stability ball rather than a chair affects LBP from prolonged sitting resulted in 
improvement of core endurance in the sagittal plane but no direct significant effects 
on low back pain or disability [40]. The Stand Back trial in 2018 sought to evaluate 
the feasibility and effect of decreasing sedentary behavior in desk workers with 
chronic LBP through use of a sit-stand desk, movement breaks, and pain self- 
management [9]. This 6-month trial resulted in a 50% decrease in disability in the 
treatment group compared to a 14% decrease in the controls. However, this study 
did not show a statistically significant reduction in pain scores in the treatment 
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Fig. 1.6 Sagittal view of 
spine

group compared to the controls. Another study examined the effect of office ergo-
nomic intervention in reducing musculoskeletal symptoms [5]. Subjects who 
received a highly adjustable chair along with office ergonomics training had reduced 
symptom growth over the workday at 1-year follow-up. In addition, the average 
pain levels were reduced in both the treatment group who received the adjustable 
chair and ergonomics training as well as the treatment group who received just the 
ergonomics training without the adjustable chair compared to the control group who 
received neither. These studies imply that frequent movement from sitting, whether 
that be from sit to stand, a stability ball, or an adjustable chair, is an important factor 
for core muscle endurance, low back pain, and disability. Prolonged immobility, on 
the other hand, can be detrimental in chronic LBP patients as it can lead to further 
deconditioning of core muscles and injury to the intervertebral discs. Therefore, 
proper ergonomics and posture, along with frequent changes in position, is an 
important component in the management of chronic LBP, especially in patients who 
are sedentary for the majority of the day (Fig. 1.7).
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Fig. 1.7 Ergonomic work 
station with laptop elevated 
so it is at eye level to 
prevent neck strain and an 
adjustable chair

 The Impact of Exercise on the Spine

As physicians, we often refer our spine patients to physical therapy or recommend 
them to exercise and stay active. In the past, it was common practice to advise 
patients with acute LBP and sciatica to rest in bed as initial management. However, 
currently, almost all clinical guidelines for acute LBP management favors staying 
active above bedrest [70]. One study published in the New England Journal of 
Medicine trialed patients with acute, nonspecific LBP to one of three treatments – 
bedrest for 2 days, back-mobilization exercises, or continuing normal daily activi-
ties as tolerated – and assessed them at 3 and 12 weeks [86]. This study found that 
patients who continued their normal activities had statistically significant improve-
ments in duration of pain, pain intensity, lumbar flexion, ability to work, Oswestry 
back-disability index, and number of days absent from work. A Cochrane review 
analyzing staying active compared to bedrest in acute LBP found moderate- quality 
evidence that advice to stay active resulted in small benefits in pain relief and func-
tional improvement in patients with acute LBP compared to advice for bedrest but 
found little to no difference in patients with sciatica [29]. Overall, the findings of 
this review did not oppose the recommendations in the current clinical guidelines 
but did show that greater scientific evidence is needed for more conclusive results. 
When comparing advice to stay active to formal exercise or physiotherapy, the 
Cochrane review revealed there was low-quality evidence that suggested little to no 
difference in symptoms and function. Another systematic review and meta-analysis 
from 2015 analyzing patients with sciatica revealed low-quality evidence that exer-
cise resulted in small but superior results to leg pain in the short term when com-
pared with just giving advice to stay active [42]. However, in the long term, there 
was moderate-quality evidence showing no difference in leg pain and disability 
between exercise and advice to stay active. Therefore, in the setting of acute LBP, it 
is essential that physicians counsel patients on the importance of at least staying 
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active in terms of pain reduction and functional improvement. In terms of nonspe-
cific chronic LBP, a review of current literature and meta-analysis revealed no evi-
dence of effectiveness using bedrest as a therapeutic option [16]. In this review, only 
movement therapy postulated a level I evidence for long-term effect in treating non-
specific chronic LBP. There have been multiple studies performed over the years 
assessing different methods of movement therapy and its effect on LBP, including 
core strengthening programs, McKenzie method of diagnosis and therapy (MDT), 
yoga therapy, tai chi, aerobic exercises, as well as many others. Overall, the evi-
dence of these different exercises and physiotherapy methods are limited or incon-
clusive and need further investigation, but some of the existing results are promising 
and are important options when discussing treatment plans with patients.

As part of the exercise prescription for patients with LBP, especially in patients 
with chronic LBP, core strengthening exercises for trunk stability is often included. 
The theory behind core strengthening is to train the deep trunk muscles that help to 
ensure mobility and stability of the lumbopelvic region that are often weak or insuf-
ficient in patients with chronic LBP [73]. In a study of 79 participants with chronic 
LBP, participants were divided into two groups: an experimental group performing 
specific trunk balance exercises along with standard trunk flexibility exercises and a 
control group performing general strengthening exercises and the standard trunk 
flexibility exercises [46]. This study followed the participants for 6 weeks and con-
cluded that the combination of trunk balance and flexibility exercises were signifi-
cantly more effective than the combination of general strengthening and flexibility 
exercises in decreasing disability and improving the physical component in the 
quality of life of chronic LBP patients. However, this study did not show a differ-
ence in improvements in visual analog scale (VAS) pain scores between the two 
groups. Similarly, another study looked at 120 participants and assigned them to a 
core stabilization exercise group or a routine physical therapy group [3]. However, 
this study did find significant reduction in pain on VAS in the core stabilization 
group compared to the routine physical therapy group. A meta-analysis and system-
atic review in 2017 looked at randomized controlled trials that compared the effec-
tiveness of core stability exercise to general exercise on chronic low back pain [26]. 
The analysis found a significant reduction in pain intensity and increase in back- 
specific functional status at 3 months but not at 6 months. This analysis implies that 
core stability exercises may be more effective than general exercise in the short 
term. However, in the long term, overall staying active – whether this be through 
core strengthening or general exercise and conditioning – may be an essential com-
ponent in reducing pain and improving function in chronic LBP patients. Another 
systematic review explored the effectiveness of various core strengthening strate-
gies in patients with chronic LBP, identifying four types of core strength training – 
trunk balance exercises, stabilization, segmental stabilization, and motor control 
exercises [24]. Compared to typical resistance training, core strength training was 
easier to learn for chronic LBP patients, patients were able to independently prac-
tice core strength training at home more accessibly as it did not require any special 
equipment, and there were less injuries overall. Of the various types of core strength-
ening exercises, training of the deep trunk muscles seemed to have the greatest 
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effect on pain alleviation. This correlates with the findings of weakening in the deep 
trunk muscles such as the lumbar multifidus and transverse abdominis with insuf-
ficient motor control in chronic LBP patients [118].

The use of McKenzie method of mechanical diagnosis and therapy (MDT) is 
often added to the therapeutic prescription for patients who complain of back pain 
with radiation or directionality. MDT is an assessment and treatment model used to 
classify patients with low back pain in order to direct treatment. MDT classifies low 
back pain patients into three mechanical subgroups – derangement, dysfunction, or 
postural syndrome. Derangement is the most common subgroup and is associated 
with directional preference where repeated movements or sustained positions pro-
duce improvement in symptoms such as centralization [92]. A meta-analysis from 
2006 of randomized controlled trials evaluating the effectiveness of the McKenzie 
method for low back pain resulted in limited evidence to support the use of MDT as 
it concluded that the MDT method did not produce clinically significant differences 
in pain and disability [84]. However, this review did not separate acute low back 
pain from chronic low back pain, exclude studies with untrained therapists, or ana-
lyze if patients were classified into subgroups prior to receiving specific treatments. 
A more recent meta-analysis in 2018 did include these factors and came to a differ-
ent conclusion [75]. For this review, MDT did seem to be more effective at decreas-
ing pain level than manual therapy plus exercise in patients with acute LBP. However, 
it is important to note that the sample size was small and it did not result in any 
significant difference in improvement of disability compared to other interventions. 
In chronic LBP patients, MDT was more effective at decreasing pain level and dis-
ability compared to other rehabilitation interventions. However, compared to exer-
cise, MDT was only superior in decreasing disability but not pain. When manual 
therapy and exercise were combined, MDT was not more effective in reducing dis-
ability or pain. Again, when managing patients with chronic LBP, the evidence 
reveals that exercise is a key component to reducing disability and pain that can be 
just as effective as other formal physical therapy methods.

Yoga is a discipline of mind-body practices that originated in ancient India [120]. 
According to the US National Health Interview Survey (NHIS), yoga has become 
increasingly popular in the US with over 13 million adults reporting use of yoga in 
2007 to over 21 million adults in 2012 [8, 27]. Of the people who reported use of 
yoga in 2012, 19.7% stated the use was specifically for management of back pain 
[27]. As yoga has become a widely used practice and form of exercise in the US, 
there have been multiple studies of its effects on chronic back pain. One study fol-
lowed 90 subjects who were randomized to a yoga or control group [149]. The yoga 
group participated in 24 weeks of biweekly yoga class while the control group con-
tinued with standard medical care. Results revealed significantly greater reductions 
in functional disability, pain intensity, and depression in the yoga group at the end 
of their course as well as at 6 months post-intervention. Similarly, another study 
offered a 12-week yoga program to adults with chronic or recurrent LBP and com-
pared them to another group who only received usual care and an educational book-
let [132]. In this study, there was little difference in back pain, but the yoga group 
had improvement in back function compared to the standard group at 3, 6, and 
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12 months. There was also a Cochrane Review of yoga for the treatment of nonspe-
cific chronic low back pain [145]. When yoga was compared to non-exercise con-
trols, there was moderate evidence of improved function in the intermediate term 
and low evidence at short and long term. There was also moderate evidence of pain 
reduction in the short-to-intermediate term. Interestingly, there was moderate- 
certainty evidence that yoga produced an adverse effect of exacerbation of back 
pain more commonly when compared to the non-exercise control groups. When 
compared to exercise controls, there was very-low certainty of improved back- 
related function and pain reduction in the yoga group due to risk of bias, inconsis-
tency, and imprecision of the studies evaluated. Although there are many studies 
that demonstrate the benefits of yoga in patients with chronic LBP, many of these 
studies compare yoga to a non-exercise control. Just as with core strengthening 
exercises and McKenzie based therapy, yoga fairs similarly with the exercise con-
trols in terms of pain reduction and function, which again demonstrates the overly-
ing importance of exercise in chronic LBP patients (Fig. 1.8).

Tai Chi is another mind-body discipline that has gained more popularity around 
the world. It is a low-moderate intensity exercise that originated from China with 
research demonstrating similar health benefits in terms of aerobic fitness, resting 
energy expenditure, body composition, and self-perceived physical health as aero-
bic exercise with lower energy metabolism [60]. A systematic review and meta- 
analysis evaluated the effects of Tai Chi alone or as additional therapy for low back 
pain [115]. The review suggested significantly decreased pain intensity and improve-
ment of functional disability with practice of Tai Chi alone or as a supplement to 
routine physical therapy. However, due to location bias, lack of blinding, lack of 

Fig. 1.8 Reverse warrior 
yoga pose
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long-term follow-up, and the wide variation in Tai Chi styles included in the review, 
the conclusions were drawn cautiously and further trials with more regulations are 
needed. However, as Tai Chi is a relatively safe exercise that is convenient and inex-
pensive, it should still be considered when discussing lifestyle modifications and 
back pain management with patients.

According to the United Kingdom (UK) National Institute for Health and Care 
Excellence, general strength, conditioning, and resistance training of the spinal 
musculature, including aerobic exercises, have one of the best results in reducing 
pain and disability in patients with chronic LBP in both the short and long term. A 
systematic review in 2015 revealed that aerobic exercise leads to significant reduc-
tion in both pain and disability measurements as well as decreases in depression and 
anxiety, indicating that aerobic exercise may be beneficial to both physical and psy-
chological function in patients with chronic LBP [94]. This study hypothesized that 
aerobic exercise may decrease resting beta-endorphin levels, contributing to 
improved mood. In addition, aerobic exercise increases endurance and strength 
while preventing fatigue, so it helps maintain proper body mechanics, resulting in 
decreased LBP and injury [139]. Another systematic review from 2016 concluded 
that aerobic exercise is beneficial in decreasing pain level in patients with chronic 
low back pain when combined with other forms of therapy and exercises such as 
stabilization, strengthening, and flexibility [48]. Other forms of aerobic exercise, 
such as aquatic therapy, have also shown beneficial results in patients with LBP. A 
systematic review analyzed clinical trials studying all types of therapeutic aquatic 
exercise in adults suffering from low back pain [140]. Although more high-quality 
trials are needed, the review concluded there was sufficient evidence to suggest 
potential benefit of therapeutic aquatic exercise in patients with chronic LBP as well 
as pregnancy-related LBP.

The term “aerobic exercise” is often defined as a relatively low intensity exercise 
with longer duration ranging between 15 and 60 continuous minutes and intensity 
of 60–90% the maximum heart rate [123]. A more recent systematic review sug-
gested that higher training intensities may be a more effective exercise training for 
patients with chronic non-specific LBP [143]. A randomized controlled trial looked 
to compare the effects of high-intensity training (HIT) to moderate-intensity train-
ing (MIT) on disability, pain, function, exercise capacity, and trunk muscle strength 
in subjects with chronic non-specific low back pain [135]. HIT demonstrated benefit 
in all of these categories in persons with chronic non-specific LBP and specifically 
resulted in greater improvements in disability and exercise capacity when compared 
to MIT. Another study evaluated the effectiveness of various modes of HIT exer-
cises and compared differences between the modes in terms of pain intensity, dis-
ability, and physical performance in subjects with chronic non-specific LBP [136]. 
Subjects were randomized into four HIT groups – cardiorespiratory interval training 
plus general resistance training, core strength training, combined general resistance 
and core strength training, or mobility exercises. After a 12-week program, improve-
ments in each category measured were seen within all groups, but no differences 
were found between groups. The study concluded that HIT with cardiorespiratory 
interval training improves chronic LBP rehabilitation outcomes when combined 
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Fig. 1.9 Treadmill which 
can be used for jogging 
and running forms of 
exercise

with other HIT modes or mobility exercises and various HIT modes can be consid-
ered when discussing exercise treatment options with chronic LBP patients.

In terms of intervertebral disc (IVD) health, both animal and human studies have 
shown a positive relationship of IVD composition and running. One study com-
pared IVD tissue quality of long-distance runners and joggers to that of non-athletic 
individuals. This study found that the athletic individuals had better disc hydration 
and glycosaminoglycan levels [11]. The study also reinforced the concept of a 
“likely anabolic window” for the IVD, with fast walking or slow running providing 
the strongest anabolic stimulus for IVD adaptation in humans, while slow walking 
provided minimal IVD benefits compared to no activity and fast running or high- 
impact jumping activities resulted in high-impact loading considered detrimental to 
the IVD and vertebral end-plates. In addition, it revealed better IVD hydration, gly-
cosaminoglycan content, and hypertrophy in the exercise group within this “ana-
bolic window”, despite repetitive loading, contradicting the previous theories that 
repetitive loading contributes to IVD degeneration (Fig. 1.9).

 The Effects from Nutrition on the Spine

The Oxford dictionary defines nutrition as the process of providing or obtaining 
food and nourishment necessary for health and growth [109]. Good nutrition helps 
to keep an individual healthy while poor nutrition often correlates with the degrada-
tion of health accompanied by a burden of diseases. What individuals put into their 
bodies and expose themselves to can have an impact on multiple body systems. For 
example, eating certain diets can increase cholesterol levels and cause build-up of 
atherosclerotic plaques. This, in turn, can result in blockage of arteries, marking the 
deterioration of a patient’s cardiovascular health. In the context of a spine patient, 
nutrition refers to the positive and negative extrinsic factors that affect spine 
mechanics and correlate with “spine health” or structural changes that affect spine 
stability, pain, and functionality. These extrinsic factors may correlate with different 
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spinal issues such as disc deterioration and herniation as well as play a role in spinal 
pain perception.

As previously mentioned, cigarette smoking is associated with an increased risk 
of lumbar disc herniation and it creates toxic substances that are correlated to disc 
degeneration. There have been several studies demonstrating the association 
between cigarette smoking and disc degeneration and herniation. In a study compar-
ing pairs of identical twins discordant for tobacco exposure, the smoking group had 
an 18% greater average disc degeneration throughout the lumbar spine [10]. Another 
study demonstrated that subjects who smoked at least 20 cigarettes per day had 
greater estimated prevalence rates for low back pain at some time in the past year, 
low back pain for at least 30 days in the past year, disc degeneration, and degenera-
tion with signs of marrow changes consistent with vertebral inflammatory process 
[77]. Thirdly, in a prospective study with 11-year follow-up that attempted to iden-
tify risk factors for lumbar discectomy secondary to disc herniation in a young and 
relatively healthy population, daily smoking was the strongest risk factor for lumbar 
discectomy in the male subjects [90]. There are two main theories of how tobacco 
use contributes to intervertebral disc degeneration. One theory hypothesizes that 
tobacco use leads to vascular disease, which causes vascular disruption and anoxia 
of the nutritional supply to the discs, resulting in malnutrition [65]. The other theory 
proposes that the chemical compounds found in cigarette smoke can result in direct 
dose-dependent morphologic changes to the intervertebral disc cells [138] as well 
as histologic changes such as increased production of interleukin 1B, leading to the 
upregulation of matrix-degrading metalloproteinases [104]. Although separate in 
approach, both theories result in alteration of intervertebral discs. Animal studies 
with gross examination of disc tissues exposed to cigarette smoke have shown 
necrosis and fibrosis involving the nucleus pulposus as well as changes to the com-
position of the annulus fibrosis [61, 134]. With the available evidence, it is reason-
able to postulate that cigarette smoking leads to pathology within the intervertebral 
discs that may make them more prone to tearing. According to the degenerative 
cascade proposed by Kirkaldy-Willis in the 1970s, tearing in the discs leads to disc 
dysfunction, increasing the risk of herniation [69]. Therefore, it is not surprising 
that the evidence shows a correlation of disc degeneration and herniation to ciga-
rette smoking.

Spine patients are often instructed by their providers to lose weight in order to 
decrease the load added onto their spine. Weight loss is often a difficult endeavor 
that must include the patient’s motivation, but may also include a multifaceted 
approach that includes nutritionists to assess the patient’s diet, physical therapists 
and trainers to provide the patient with activity instructions, counsellors and psy-
chiatrists to evaluate the patient’s mood, and many more. Although creating an 
effective weight loss program or regimen with patients is challenging, it is impor-
tant because the biophysical effects of obesity on the spine’s curvature can have 
long-term downstream effects of degeneration and increased risk of herniation. In 
the case of increased disc pressure, one study found that the estimated L4 compres-
sive loading was highest in subjects with obesity for standing, holding, and lifting 
[7]. In a different cross-sectional study from 2014, thoracolumbar curvatures were 
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compared between participants with obesity and normal weight individuals accord-
ing to their waist circumference. This study found that there were significant differ-
ences in thoracic kyphosis between the two groups, which was speculated to be due 
to the increase in upper limb mass as well as the requirement for biomechanical 
rebalancing of forces upon the body [47]. It is likely that an increased kyphotic 
positioning of the thoracic spine will produce increased pressure on the interverte-
bral discs, leading to risk of degenerative disc disease and disc herniations. In one 
study, subjects with a BMI greater than 25 kg/m2, categorized as overweight, had 
imaging with strong association of disc degeneration at 4-year follow-up, which 
was indicated by decreased signal intensity of the nucleus pulposus on magnetic 
resonance imaging (MRI) [81]. In addition, the study showed that overweight sub-
jects at the age of 25 had statistically significant increased risk of progression of 
degenerative changes. In a population-based cross-sectional study, there was a sig-
nificant increase in the number of levels with disc degeneration, global severity of 
disc degeneration, and evidence of disc space narrowing in overweight and obese 
subjects [119]. This study demonstrated a positive linear trend between BMI and 
evidence of disc degeneration with an odds ratio (OR) = 1.30 in overweight subjects 
and OR = 1.79  in obese subjects, with significantly more pronounced disc space 
narrowing in obese subjects with an adjusted OR = 1.72. Lastly, in a retrospective 
study of 165 patients with a mean age of 21.2 years at the time of surgical treatment 
for lumbar disc herniation, surgical patients had a statistically significant greater 
body mass index (BMI) compared to a patient population of similar age [112]. 
These studies revealed degenerative changes of the intervertebral discs as well as 
increased incidence of lumbar disc herniations in the obese population as early as 
their teenage years and into their twenties. This implies that early intervention and 
maintenance of weight loss may be a key component in retarding further disc degen-
eration and occurrences of disc herniations.

On the other hand, significantly low BMI can also have detrimental effects to a 
patient’s spine health. In patients with anorexia nervosa (AN), the spine is the skel-
etal site of greatest bone loss [95]. In one study of subjects with AN, both trabecular 
and cortical bone sites were affected with low bone mineral density (BMD), with 
overall data suggesting that female sites of trabecular bone – such as the lumbar 
spine – were more severely affected [97]. In another study looking at 18 women 
with AN between 19 and 36 years old, the 18 anorectic women had significantly 
lower cortical BMD compared to the 28 normal controls, 2 anorectic women had 
multiple non-traumatic vertebral compression fractures and loss of height, and 1 of 
these women underwent an iliac-crest bone biopsy that revealed thinned trabeculae 
and minimal osteoblast and osteoclast activity consistent with osteoporosis [116]. 
Similarly, when compared to lean and obese women, women with AN had lower 
integral volumetric BMD and estimated vertebral strength [7]. These studies dem-
onstrate that extremely low BMI is correlated with low BMD and decreased verte-
bral strength, which in turn can lead to bone disease such as osteoporosis as well as 
bone injury such as vertebral compression fractures. Interestingly, the latter study 
also found higher L4 compressive loading during lateral bending in women with 
AN compared to the lean and obese women with activation of additional muscle 
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groups in those with AN that was not seen in the lean or obese groups. Therefore, in 
addition to the low vertebral strength, women with AN also have high applied disc 
load during lateral bending, increasing the overall load-to-strength ratio and further 
increasing the vertebral fracture risk in this population.

Patients often inquire about herbal therapies and dietary supplements that may 
help to modulate their pain and degenerative disease. Especially in the setting where 
traditional medications such as NSAIDs may be contraindicated or not tolerated, 
these natural substances may be a potential alternative. Turmeric is often mentioned 
due to its anti-inflammatory properties. When used as an alternative medicine, tur-
meric is typically used as an extract that primarily contains its derivative, curcumin, 
which modifies NF-kB signaling and proinflammatory cytokines such as interleukin 
production [30]. IL-1 is an inflammatory factor that has shown to reduce the regen-
erative and repairing capability of the injured cartilage in osteoarthropathy and 
arthritis [117]. One study suggested that intervertebral disc degeneration could be 
prevented or reversed by decreasing IL-1 content or inhibiting NF-kB, which were 
shown to be attenuated by curcumin in vitro [152]. A systematic review and meta- 
analysis revealed that 8–12 weeks of standardized turmeric extracts of 1000 mg/day 
of curcumin can reduce inflammation-related arthritis symptoms with similar results 
as ibuprofen and diclofenac sodium [30]. However, the studies that were repre-
sented were moderate in quality with small sample sizes that were insufficient to be 
conclusive. Omega-3 fatty acids have also been shown to have anti-inflammatory 
properties that play an important role in regulation and reduction in symptoms of 
osteoarthritis [52]. A recent study investigated the effects of a daily omega-3 fatty 
acid diet in rats with lumbar disc degeneration [101]. Results revealed a reduction 
in blood arachidonic acid/eicosapentaenoic acid (AA/EPA) ratios after 1 month of 
supplementation, micro-MRI analysis showed attenuation of injury-induced reduc-
tion of IVD hydration, and histological evaluation demonstrated decreased severity 
in the destruction of the nucleus pulposus tissue in response to needle puncture 
injury in the omega-3 fatty acid diet group. The study concluded that results sug-
gested omega-3 fatty acid dietary supplementation may have potential protective 
effects against intervertebral disc degeneration. However, a systematic review found 
that there was low or very low-quality data suggesting that increasing omega-3 may 
increase lumbar spine BMD but did reveal that is has little or no effect on total bone 
mass or measures of functional status [1]. Glucosamine is another supplement that 
has anti-inflammatory properties and has been hypothesized to have cartilage restor-
ative effects [76]. In one randomized controlled study of the effects of glucosamine 
on low back pain, improvements in quality of life as well as reduction of pain at rest 
and lumbar stiffness was greater in the group that received glucosamine complex 
compared with the control group [130]. However, in a larger randomized controlled 
trial studying the effects of glucosamine in patients with chronic low back pain 
(LBP) and degenerative lumbar osteoarthritis (OA), no significant difference was 
found between the glucosamine and placebo group, making it difficult to recom-
mend glucosamine supplementation to patients with chronic LBP and lumbar OA 
[148]. Many other herbal therapies including Harpagophytum procumbens (devil’s 
claw) and Salix alba (white willow bark) has been studied for their potential effects 
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Fig. 1.10 Different 
supplements

on chronic LBP, but evidence for these substances were moderate quality at best 
[45]. Therefore, although some dietary supplements and herbal therapies show 
promising findings of anti-inflammatory, analgesic, and protective effects against 
the progression of disc degeneration, most of the evidence is low in quality and 
further investigation is needed before healthcare professionals are able to provide 
clear recommendations. However, as most of these supplements have mild side 
effects, they may be worth considering in patients who are unable to comply with 
traditional medications and therapies (Fig. 1.10).

 The Effects of Sleep on the Spine

What is sleep? The operational definition of sleep is that of a natural state character-
ized by a reduction in voluntary motor activity, a decreased response to stimulation 
(i.e., increased arousal threshold), and stereotypic posture. Sleep is readily distin-
guishable from other states of altered “consciousness,” such as coma and anesthe-
sia, in that it is easily reversible and self-regulating [44]. Sleep research has shown 
that sleep consists of different cycles. During wakefulness, the cortical electroen-
cephalogram (EEG) typically contains desynchronized high-frequency, 
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low- amplitude waves in the 14–30 Hz range (i.e., beta waves), presumably reflect-
ing differences in the timing of processing of cognitive, motor and perceptual func-
tions. During “quiet rest,” when the eyes are closed, EEG oscillations predominate 
in the 8–12 Hz range and are referred to as alpha waves. At the onset of non-rapid 
eye movement (NREM) sleep, the waves become larger in amplitude (reflecting 
increased cortical firing synchrony), and the EEG frequency slows [44]. NREM 
sleep is conventionally subdivided into four stages. Stage 1 sleep usually persists for 
only a few (1–7) minutes and is associated with a low arousal threshold. Therefore, 
sleep can be easily discontinued during this stage by softly calling a person’s name 
or quietly closing a door. Stage 1 sleep also occurs as a transitional stage throughout 
the night. Stage 2 NREM sleep is signaled by sleep spindles or K-complexes on the 
EEG. This stage continues for about 10–25 min and requires a more intense stimu-
lus to produce arousal. In Stage 3 NREM sleep, high-voltage slow-wave activity 
accounts for 20–50% of the EEG activity. This stage lasts a few minutes and is 
transitional to Stage 4. In Stage 4 NREM sleep, high-voltage slow-wave activity 
accounts for more than 50% of the EEG activity. Stages 3 and 4 are often referred 
to as slow-wave sleep, delta sleep or deep sleep [18]. During rapid eye movement 
(REM) sleep, which cycles with NREM sleep, the cortical EEG transitions to a 
high-frequency, low-amplitude activity that resembles the desynchronized pattern 
of Stage 1 sleep and wake in humans. In contrast to wake, however, the electroocu-
logram (EOG) reflects rapid eye movements, and the electromyogram (EMG) evi-
dences profound atonia (of the skeletal muscle tissue, only the extraocular, inner ear 
and respiratory muscles are unaffected).

Sleep is a vital part of our lives and is essential to good mental and physical 
health. Experts recommend that adults need 7 or more hours of sleep per night for 
the best health and wellbeing [142]. The Centers for Disease Control and Prevention 
(CDC) report that adults who were short sleepers (less than 7 h of sleep per 24-h 
period) were more likely to report being obese, physically inactive, and current 
smokers compared to people who got enough sleep (7 or more hours per 24-h 
period) [22]. A 2016 study found cumulative deficits in sustained attention, working 
memory/executive function and speed of processing as well as impaired alertness 
and positive mood in adolescents when their sleep opportunity decreased to 5 h for 
7 nights [82]. Sleep has become a public health concern and several industries cater 
to the notion of a “good night’s sleep.” For example, hotels have upgraded mat-
tresses, provide a variety of pillow options, and installed blackout shades/curtains, 
individual temperature controls and sound proofed walls. The airline industry, like-
wise, provides earplugs, eye masks, socks, and blankets on long trips to maximize 
the comfort of its passengers and to promote sleep [17].

The quality of sleep, the amount of sleep and comfort during sleep can affect 
one’s musculoskeletal health including the spine. Better sleep at night leads to a 
greater sense of wellbeing, which may affect the perception of pain during the day 
[12]. Several factors can affect this including sleep surface and sleep position. Many 
companies advertise optimal sleep surfaces including soft, firm and medium-firm 
mattresses. A key issue in state of the art sleep systems (i.e. mattress and supporting 
structure) is how the optimization of bed design affects the manifestation of sleep in 
healthy human beings [137]. Although much of the data regarding the optimum 
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mattress type for sleep is inconsistent, several studies have shown that a medium- 
firm sleep surface is ideal. A double-blind, randomized, controlled multicenter trial 
found that after 90 days, patients sleeping on a medium-firm mattress had better 
pain-related outcomes than those sleeping on the most firm mattress [72]. However, 
a definitive conclusion that orthopedic (firm) mattresses cause more pain cannot be 
made because knowledge about the age of the mattress or any softening material 
applied to the top of the mattress would be needed to firmly reach a cause-and-effect 
relationship [87]. One study suggests that the age of their participant’s beds 
(9.5 years) may have contributed to a slow progression of poor sleep and musculo-
skeletal discomfort due to a deterioration of support provided by the beds over the 
years [62]. Longevity and durability of mattresses are difficult to determine, but the 
Better Sleep Council suggests that the “life” of a mattress depends on original qual-
ity, usage and recommends that the sleep surface be evaluated after 5–7 years [64]. 
This study supports that medium-firm mattresses are suitable in providing sleep 
quality and comfort. The participants experienced considerable improvement in 
quality sleep (73%), shoulder pain (75%), back pain (70%) and joint/muscle stiff-
ness (57%) following 12 weeks of sleeping on the new mattress [64]. Another study 
by Jacobson found that using a medium-firm surface found immediate and signifi-
cant improvements in all areas of physical pain, sleep comfort and sleep quality 
among participants [63] (Fig. 1.11).

Fig. 1.11 Mattress
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Sleep position is another factor that can affect spine health. We, as human beings, 
eventually adopt a habitual and consistent sleep position. Habitual sleep postures 
may influence the amount of load applied to spinal tissues when sleeping [19]. 
Sustained non-symmetrical sleep postures can induce structural spinal changes in 
humans [58]. An inadequate posture while sleeping and the presence of nervous 
tension can lead to pain [33]. Sleep position is a modifiable factor for spine health. 
Gracovetsky considers the best sleeping position as one that reduces stress, relaxes 
muscles decreasing their activity, and promotes a better body balance [50]. Several 
studies have found that sleep posture can increase or decrease spinal pain, and that 
addressing sleep posture could reduce the development of spinal pain [19]. The 
primary positions addressed in studies that investigate the best sleep positions 
include prone, supine and lateral (or side lying). The prone position tends to be the 
least favorable sleep position because this position is believed to increase load on 
spinal tissues, reducing recovery and provoking waking spinal symptoms [50]. 
Cary’s review study found that side lying was the sleep posture that least likely 
provokes cervical or lumbar symptoms [19]. The lateral position is the most adopted 
sleeping posture, and it is able to support the human spine correctly when both the 
sleep system and pillow are well conceived: The spinal column is a straight line 
when projected in a frontal plane, while natural curves (cervical lordosis, thoracic 
kyphosis, and lumbar lordosis) are maintained [55]. An epidemiological study 
established that the side sleep position is significantly protective of waking cervico- 
thoracic symptoms and is associated with significantly higher sleep quality ratings 
when compared with all other sleep positions [49]. The side lying and supine posi-
tions were the sleep postures recommended for those with lumbar spinal pain [33].

 The Effects of Stress on the Spine

The term “stress” is a curious term that has numerous meanings and implications. 
There is the physical definition of stress that is used in physics. The American 
Heritage Dictionary defines this type of stress as the internal distribution of force 
per unit of area within a body subject to an applied force or system of forces [105]. 
However, when discussing the effects of stress on health, we are referring to the 
physiologic definition of stress. The term “stress,” as it is used in the physiologic 
sense, was coined by Dr. Hans Selye in 1936, who defined it as “the non-specific 
response of the body to any demand for change” [131]. The relationship between 
stress and disease is well established. Dr. Selye distinguished acute stress from the 
total response to chronically applied stressors, terming the latter condition as “gen-
eral adaptation syndrome” [129]. General adaptation syndrome (GAS) involves the 
theory that all living organisms can respond to stress and the basic reaction pattern 
is always the same irrespective of the agent used to produce stress [125]. GAS 
develops in three stages: the Alarm Reaction, the Stage of Resistance, and the Stage 
of Exhaustion. Most of the characteristic manifestations of the Alarm Reaction (tis-
sue catabolism, hypoglycemia, gastro-intestinal erosions, discharge of secretory 
granules from the adrenal cortex, haemoconcentration, etc) disappear or are actually 
reversed during the stage of resistance, but reappear in the stage of exhaustion. This 
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suggests that the ability of living organisms to adapt themselves to changes in their 
surroundings, their adaptability or “adaptation energy,” is a finite quantity; its mag-
nitude appears to depend largely on genetic factors. In the biological sense, stress is 
the interaction between damage and defense, just as in physics tension or pressure 
represents the interplay between a force and the resistance offered to it [124].

There is a clear connection between various types of stress and pain. The neuro-
matrix theory provides a reasonable mechanism whereby psychological stresses 
may provide the basis for chronic pain. Stressors have destructive effects on muscle, 
skeletal and hippocampal neural tissue, which may become the immediate basis of 
pain. It is possible that psychological stress alone can become a cause of chronic 
pain because it produces substances that have destructive effects on body tissues. 
Prolonged stressful events can leave a memory etched into bone, muscle, and nerve 
tissue, just as an injury sculpts a neuronal pattern into the neuromatrix [93].

There have been investigations into the relationship between stress and its effects 
on our spine and musculoskeletal system. Marras et al. identified that a potential 
pathway between psychosocial stress and spine loading may explain how psychoso-
cial stress increases the risk of low back disorders. The introduction of stress 
increased muscle activation, hip kinematics and spine loads. This study also found 
that certain individual factors, such as gender and personality traits, dictate how 
psychosocial stress manifests itself – with increases in muscle coactivity and spine 
loading [89]. This finding applies in a variety of situations including the workplace. 
The National Academy of Sciences has proposed a model in which workplace 
issues such as physical workplace design (external loading), organizational factors, 
and social context can interact to influence the body’s biomechanical response, 
thereby, potentially initiating an injury pathway leading to low back pain. Similarly, 
individual factors inherent to the worker such as personality, size, strength, percep-
tion, and the like can interact with the biomechanical system to mediate or exacer-
bate the influence of the workplace factors on the biomechanical response [103]. 
Another study found that simultaneous mental processing had a large impact on 
spine load. In this study, mental processing stress acted as a catalyst for the biome-
chanical responses, leading to intensified spine loading. They found that mental 
stress appeared to occur as a function of time pressures on task performance and 
resulted in less controlled movements and increases in trunk muscle coactivation. 
These adjustments significantly increased spine loading [32]. Similar findings have 
been reported for the cervical spine. Mentally demanding tasks performed prior and 
subsequent to heavy physical exertion significantly increased the activity of the 
upper trapezius, sternocleidomastoid, and cervical trapezius muscles during the 
physical exertion [106].

 The Effects of Overuse of Technology on the Spine

The technology industry is constantly changing with new and improved products 
introduced to the marketplace for consumer use. Smartphone use has increased rap-
idly worldwide over the last several years. In 2019, there were an estimated 3.5 
billion smartphone users worldwide. This is expected to rise to 3.8 billion in 2021 
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Fig. 1.12 Different 
technology devices

[79]. Text messaging is the most used data service in the world [98]. The number of 
text messages sent continues to increase. The Cellular Telecommunications and 
Internet Association (CTIA) reported that 63,000 text messages are sent every sec-
ond and 5.5 billion text messages are sent per day in the United States [21]. Another 
source reports that 22 billion text messages are sent every day worldwide [37]. In 
2019, the CTIA reported wireless data traffic increased over 82% in 2018 alone and 
is more data than was used in the first 6 and a half years of the decade combined 
(from 2010 to 2016) (Fig. 1.12).

In addition to the technology boom in the twenty-first century, the 2020 pan-
demic due to the SARS-CoV-2 virus (Severe Acute Respiratory Syndrome 
Coronavirus 2), has forced individuals to use technology on a more regular basis for 
their jobs, education, healthcare and socialization. Many people all over the globe 
shifted their job to WFH (Working From Home). A 2020 study showed that the rates 
of low back pain were higher in people who stayed at home during the lockdown 
(due to SARS-CoV-2 virus) compared to those who continued to work from the 
workplace [133]. Schools including universities and colleges had to modify their 
curriculum to offer online courses. Medical practices incorporated telehealth for 
patients. Telehealth refers to the entire spectrum of activities used to deliver care at 
a distance without physical contact with the patient. Telehealth can take place syn-
chronously (telephone and video), asynchronously (patient portal messages), 
through virtual agents (chatbots) and wearable devices [150]. In May 2020, Forbes 
magazine reported that virtual events are up by 1000% [71].

This steep rise in personal device use has led to people spending hours a day on 
some type of mobile device. This can lead to different spine and musculoskeletal 
overuse issues. Musculoskeletal disorders are caused by sudden exertion or pro-
longed exposure to physical factors such as prolonged, forceful, low amplitude, 
repetitive use of such devices [126]. The areas of pain can include not only the neck, 
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upper back and lower back but also the base of the thumbs, wrists, elbows and 
shoulders. A 2006 case report from Finland discussed a 48-year old male who 
developed isolated pain at the base of his thumbs (left more than right) secondary to 
excessive mobile phone use and active texting. His symptoms resolved after exci-
sion arthroplasty of the left carpometacarpal (CMC) joint [96].

A factor that contributes to spine pain while using a personal/mobile device is 
positioning and posture while using the device. Most mobile device tasks require 
users to look sharply down or to hold arms out in front of them to read the screen, 
both of which could lead to fatigue and pain in the neck and shoulders [13]. When 
using photogrammetry to determine head and cervical postures when viewing a 
mobile phone screen, subjects display a more head forward posture when viewing a 
mobile phone screen compared to a neutral standing position [53]. Participants 
automatically stabilize trunks, tighten their necks and shoulders, breathe shallowly 
as well as thrust their heads forward in order to read a small screen. In an earlier 
study, 83% of participants reported neck pain while texting [80]. Text neck is a term 
that is commonly used for a repetitive stress injury where excessive texting or 
mobile device use are believed to be the primary cause. Common symptoms associ-
ated with text neck include pain in the neck/upper back/shoulder, forward head 
posture and rounded shoulders, reduced mobility and tightness of the neck/upper 
back/shoulders, headache and increased pain with neck flexion [35]. The flexion 
posture of the neck and the weight of the head while using a mobile phone are dis-
turbing the balance of the spine. According to the degree of flexion, the stress in the 
cervical region increases, loads on discs increase and loss of lordosis and degenera-
tive processes accelerate [108]. A 2014 study quantitatively assessed head flexion 
during the three common smartphone tasks of text messaging, web browsing and 
video watching. This study found that head flexion angle was significantly larger for 
text messaging than the other two tasks. This study also determined that the head 
flexion angle was significantly larger while sitting than while standing [78]. If these 
types of devices are used incorrectly for long periods of time, one can develop 
chronic neck and shoulder pain. The association between smartphone use and 
chronic neck-shoulder pain was explored by studying the spine while doing three 
tasks: (1) texting with one hand, (2) texting with two hands and (3) typing on a 
desktop computer. The results of this study suggest that altered kinematics may be 
associated with pain during all text-entry tasks due to significantly increased angles 
of cervical right side flexion and postural changes. Two-handed texting was associ-
ated with increased cervical flexion and one-handed texting was associated with an 
asymmetric neck posture. This study concluded that both text-entry methods are not 
favorable in terms of spinal posture [151] (Fig. 1.13).

Different applications have been developed which can be downloaded on a smart 
device. These applications sense the user’s head and neck positioning and alerts the 
user if their positioning is suboptimal. This reminds the user to change and optimize 
their position to avoid spine and musculoskeletal pain.
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Fig. 1.13 Picture of individual incorrectly using mobile device which can lead to “Text Neck”; 
picture on the right illustrates how to correctly use a mobile device

 Conclusions

Many aspects of our lives affect our spine health. Maintaining a healthy lifestyle is 
important in keeping our spine and bodies in optimal shape. This includes staying 
active with a regular exercise program, eating healthy, getting enough sleep, being 
aware of increased stress levels, trying to reduce unnecessary tension and working 
in the best environments possible in relation to our work stations and use of mobile 
devices.
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2Evaluation of a New Spine Patient

Kegan J. Cunniff and G. Sunny Sharma

 Introduction

Back and neck pain are among the most prevalent and persistent conditions in the 
world, and the leading contributor for disability of musculoskeletal origin. In the 
United States, low back pain alone has an annual prevalence of 10–30% and a 
lifetime prevalence up to 80% [1]. Similarly, neck pain has an annual prevalence 
of upwards of 30% and is the fourth leading cause of disability [2]. In this chapter, 
we will focus on the comprehensive evaluation of patients with spine pain, includ-
ing obtaining a detailed patient history and performing a thorough physical 
examination.

An understanding of spinal anatomy is essential in the evaluation and treatment 
of spine patients. The anatomy of the spine and its related structures is complex 
given the number and variety of bones, muscles, ligaments, and nerves of which it 
is comprised. This anatomic complexity along with the heterogeneity of spine con-
ditions can make the diagnosis and treatment of neck and back pain difficult. A 
complete description of the spinal anatomy is beyond the scope of this chapter; 
however, we will provide a brief review.

The bony spine is composed of 24 vertebrae, the sacrum, and the coccyx which 
are anatomically separated into four distinct segments: the cervical, thoracic, lum-
bar, and sacrococcygeal regions. The cervical spine comprises the spinal compo-
nents of the neck. Bogduk and Mercer further subdivide the cervical spine into three 
zones based on their bony structure and anatomical function [3]. The suboccipital 
zone is comprised of the C1 vertebra, also known as the atlas, and mainly functions 
as the connection between the skull and bony spine. The structure of the C1 is 
unique, being ring shaped with two lateral masses that superiorly project articular 
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processes that interface with the occiput. These processes allow for only a small 
amount of flexion-extension in terms of motion [3]. The transitional zone, made up 
of the C2 vertebra (the axis) is a zone where early lateral rotation is achieved. The 
axis projects an odontoid process, known as the dens, superiorly where it is housed 
within the atlas forming the medial atlantoaxial joint. The typical zone includes the 
remaining C3–C7 vertebrae and provides terminal lateral rotation, as well as flexion- 
extension in both the lateral and anterior-posterior directions [4]. The vertebrae in 
the typical zone take on the standard anatomical structure that is also replicated 
throughout the thoracic and lumbar spine. These vertebrae have an anterior verte-
bral body with an intervertebral disc, two articular pillars united by the laminae in 
the posterior elements, two transverse processes that extend from the articular pil-
lars, and a dorsally directed spinous process. The articular pillars of consecutive 
vertebrae communicate superiorly and inferiorly via synovial joints referred to as 
zygapophyseal or facet joints [4].

The thoracic spine replicates this structure throughout its 12 vertebrae. The 
defining feature of the thoracic spine is the presence of the ribs which articulate with 
the vertebral body, intervertebral disc, and transverse processes. The thoracic region 
functions in providing the support and flexibility of the chest region [4].

The main function of the lumbosacral spine is to support the upper body and 
transmit loads to the pelvis and lower extremities. It also adds additional range of 
motion between the thoracic spine and pelvis. The vertebrae of the lumbar seg-
ment display the typical structure as described above. However, these vertebrae 
are significantly larger which allow them to transmit greater axial loads. The natu-
ral lordosis of the lumbar spine increases the load-bearing tolerance of the region 
as well [4]. The sacrococcygeal region makes up the caudal terminus of the spine. 
The sacrum is a large triangular bone comprised of five fused vertebrae. It articu-
lates laterally with the two ilia, caudally with the coccyx and superiorly with the 
last lumbar vertebra. The final lumbar vertebra is typically L5, however, transi-
tional anatomy may be present in some patients where the L5 vertebra is fused to 
the sacrum (“sacralized”) or the S1 vertebral body does not fuse with the sacrum 
(“lumbarization”).

The nervous system of the spine includes central and peripheral components. 
The central nervous system of the spine is comprised of the spinal cord which lies 
within the central canal of the vertebral column. Projecting from the spinal cord are 
31 pairs of nerve roots which serve as the beginning of the peripheral nervous sys-
tem. These nerve roots are named based upon their exiting location from the spinal 
column. In the cervical spine, nerve roots exit above their correspondingly num-
bered vertebra. For example, the C5 nerve root exits above the C5 vertebra. There is 
a transition zone between the C7 and T1 vertebrae, where the C8 nerve root exits. 
The remaining spinal nerve roots exit below their correspondingly numbered verte-
bra. For example, the T6 nerve root exits below the T6 vertebra in the neuroforamen 
formed between T6 and T7. This naming convention holds true for the remainder of 
the spinal cord as it travels inferiorly until the final nerve root pair, Co1, which exits 
at the coccyx.
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 Patient History

A thorough patient history is an important component of any new patient evalua-
tion. This is essential in patients with spine pathology given these conditions can 
present similarly. Given the complex and multifactorial nature of spinal complaints, 
it can be helpful in clinical decision making to use the history to divide patients into 
three categories: (1) patients with nonspecific spine pain, (2) spine pain associated 
with radiculopathy or spinal stenosis, or (3) spine pain potentially associated with 
red flag symptoms or other specific causes [5]. Appropriate clinical management for 
these categories is discussed later in this chapter.

An adequate initial history should gather a variety of information regarding the 
patient’s symptoms. Onset and duration of symptoms can provide insight into the 
acuity of the condition, which can be helpful in diagnosis and management. For 
example, a patient with a 5-day history of axial lumbar pain that began suddenly 
while lifting a heavy object is more likely to have an acute strain or sprain than an 
elderly patient with a 20-year history of chronic lumbar pain. Note that onset of pain 
not only captures when symptoms began, but also the nature of how the pain began. 
The character and radiation of pain can aid in determining which structures are 
generating pain. Lancinating, burning, or electric-type pain that radiates down a leg 
is more suggestive of lumbar radiculopathy, whereas localized aching or dull low 
back pain is more suggestive of facet or SI joint mediated symptoms. Inquiring 
about alleviating and aggravating factors can also aid in identifying possible pain 
generators. For example, pain from spinal stenosis classically improves with for-
ward flexion and worsens with extension. On the other hand, pain from a herniated 
intervertebral disc may worsen with forward flexion and improve with extension. 
Severity of pain can be subjectively evaluated using pain scales, such as the Visual 
Analog Scale (VAS) or Numerical Rating Scale (NRS). The patient’s occupation 
and prior level of independence with activities of daily living (ADLs) can also add 
helpful context to the patient’s history.

 Red Flag Symptoms

While gathering a patient’s history, the clinician should be on the lookout for any 
alarming “red flag” symptoms or factors that may indicate serious or urgent under-
lying pathologies. A history of malignancy is the leading risk factor for painful bony 
metastases [1]. History of immunosuppression, intravenous drug use, recent spinal 
injection, epidural catheters, and constitutional symptoms such as fevers, chills, and 
malaise should raise suspicion for infection. Bowel incontinence, urinary retention, 
gait instability, and saddle anesthesia can indicate spinal cord compression or cauda 
equina syndrome [1]. History of prolonged morning stiffness, skin rashes, iritis, 
urethritis, colitis, peripheral joint involvement, and family history of rheumatologic 
conditions should raise concern for an underlying autoimmune or inflammatory eti-
ology, such as ankylosing spondylitis or psoriatic arthritis. Other red flag signs 
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include age of onset before age 18 or after age 55, nonmechanical symptoms (pain 
is not affected by movement), nocturnal pain, past trauma, sudden or progressive 
limb weakness, spasticity, or atrophy [6]. Common red flag signs and symptoms are 
listed in Table 2.1.

It is also important during the course of the initial evaluation to gather informa-
tion on the patient’s attitude and behaviors towards their symptoms and recovery 
as these can negatively influence the patient’s prognosis. Examples of these atti-
tudes and behaviors include a lengthy time off from work due to symptoms, cata-
strophic thinking, impaired sleep, avoidance of usual activities, subjective stress, 
anxiety, and fear that activity/exercise will worsen back symptoms [7]. Extensive 
education and expectation setting should be performed for patients who display 
these attitudes as they are associated with poorer performance on functional test-
ing, more severe pain at follow up visits, and increased time off work or on dis-
ability. Additionally, psychologic evaluation and/or treatments should be 
considered in these patients, particularly prior to invasive or irreversible interven-
tions [8–10].

 Physical Examination

After a thorough patient history has been obtained, the physical examination is vital 
in the assessment of the new spine patient and developing the differential diagnosis. 
The examination should be comprehensive, but should also be guided by the history 
obtained from the patient. In addition to general observations, an adequate spine 
exam should include inspection, palpation, range of motion assessment, and neuro-
logical testing. Special tests and provocative maneuvers should then be performed 

Table 2.1 Examples of 
“red flag” signs from 
patient history or physical 
examination

Red flag signs
Fever, night sweats or systemic symptoms
Recent spinal injection
Intravenous drug use
Indwelling epidural catheters
History of malignancy
Immunocompromised condition
Unintentional weight loss
History of systemic steroid use
Spinal deformity
Age of onset less than 18 or greater than 55 years
Inflammatory symptoms or family history concerning 
for rheumatologic conditions
Bowel or bladder dysfunction
Gait instability
Saddle anesthesia
Focal neurologic signs
Upper motor neuron signs
Muscle atrophy
Nonmechanical pain (pain with little or no movement)
Traumatic injury
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as indicated by the patient’s history or other examination findings. Additionally, the 
examiner should briefly evaluate the patient’s mental status by assessing level of 
consciousness, orientation, behavior, mood, and affect [11].

 Inspection

Inspection of the spine patient should begin with examination of the skin, including 
the upper and lower extremities. Findings such as abrasions, swelling, bruises, or 
lacerations may indicate recent trauma. Scars may indicate old trauma or prior sur-
gical intervention. Erythema, rashes, or discoloration may indicate infectious or 
inflammatory processes. Next, observe for any deformities or postural abnormali-
ties. Large dimples, hairy patches, or dark spots over the spine are common defor-
mities associated with spina bifida occulta, for example. The patient’s spinal 
alignment should be assessed for scoliosis, kyphosis, or exaggerated lordosis.

The muscular structures of the spine and extremities should be assessed for bulk 
and symmetry. A variety of etiologies can cause asymmetry or irregularities in mus-
cle group bulk, such as tendon tears, nerve injuries, or neuromuscular disorders. For 
example, unilateral muscular atrophy along a spinal root’s myotome may suggest 
chronic or severe radiculopathy due to nerve root compression. As such, identifying 
myotomal muscle atrophy can be useful in  localizing affected nerve roots. More 
diffuse and symmetrical atrophy, muscle fasciculations or tremors could indicate 
underlying neuromuscular pathology.

 Palpation

Palpation of the spine regions can be done with the patient seated or standing, but is 
best performed with the patient lying prone in order to maximally relax the muscu-
lature. The examiner should systematically palpate the bony landmarks and soft 
tissues of the cervical, thoracic, and lumbar spine, as well as any nearby structures. 
In the examination of cervical spine pain, the shoulder musculature, periscapular 
region, and upper ribs should be palpated as musculoskeletal syndromes affecting 
these regions have pain patterns that often overlap with cervical etiologies. Similarly, 
there is significant overlap in pain arising from the lumbar region, sacroiliac region, 
hip region, and iliotibial band region that may be differentiated by tenderness to 
palpation. Pain with palpation or percussion of the spinous processes can be seen in 
patients with vertebral compression fractures, abscesses, or metastases [1, 6]. 
Tenderness or trigger points in the paraspinal soft tissues may indicate myofascial 
or referred pain from facetogenic etiology [12].

 Range of Motion

In assessing the range of motion, it is important to evaluate range of motion of the 
axial spine as well as the upper and lower extremities. Where appropriate, patients 
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should be asked to actively range the evaluated joints. If the patient is unable to 
achieve a normal range of motion, the examiner should then attempt to passively 
range the joint in order to differentiate between weakness and mechanical 
impediment.

There are multiple methods to evaluate the range of motion of the spine. Some 
examples include single or double inclinometry, goniometry, Schober’s skin distrac-
tion test, measuring distance of fingers from the floor, and radiographic measure-
ment [13]. Please see Table 2.2 for normal ranges of motion of the spinal regions, as 
well as the nearby hips and shoulders [14].

 Neurological Testing

Because of the anatomy of the spine and its neurological contents, the physical 
examination of the spine must include neurological testing and a mechanical exami-
nation of the upper and/or lower extremities. The examiner should assess the 
strength, sensation, and reflexes of the limbs as well as range of motion and pro-
vocative testing of the nearby joints, such as the hips or shoulders.

There are a number of ways to manually test the strength of the limbs during the 
neurological exam of the spine. The most common method used is that of the 
Medical Research Council Scale in which the muscles responsible for specific joint 
movements are measured on a zero to five point scale [15]. The test joints are iso-
lated and then tested to see their strength in opposition to gravity and resistance 
applied by the examiner. Zero points denotes the absence of any muscle activity. 
One point indicates flickers of activity without movement of the joint. Two points 

Table 2.2 Normal ranges of 
motion of the spine, shoul-
der, and hip

Joint Range of motion Degrees
Neck Flexion 0–45

Extension 0–25
Rotation 0–35
Lateral flexion 0–45

Shoulder Flexion 0–180
Extension 0–60
Abduction 0–180
Internal rotation 0–70
External rotation 0–90

Thoracolumbar Flexion 0–80
Extension 0–25
Rotation 0–35
Lateral flexion 0–45

Hip Flexion 0–120
Extension 0–30
Abduction 0–45
Adduction 0–30
Hip rotation 0–45
Hip rotation 0–45

Source: American Academy of Orthopaedic Surgeons [14]
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indicates the ability to move the tested joint with gravity eliminated. Three points 
indicates the ability to move the joint against gravity but not with any additional 
resistance applied. Four points indicates the ability to move the tested joint against 
gravity and moderate resistance from the examiner. Five points indicates full 
strength against examiner resistance [15]. Using the key muscle groups described in 
the International Standards for Neurological Classification of Spinal Cord Injury 
(ISNCSCI) examination, the examiner can localize affected nerve roots [15]. For 
example, testing the strength of the triceps assesses the C7 nerve root. Refer to 
Table 2.3 for a list of key muscle groups used in manual muscle strength testing.

Sensory testing should be performed regionally based upon the portion of the 
spine affected. Sensory deficits in a dermatomal pattern can help localize lesions to 
the corresponding spinal level or nerve root. The appropriate dermatomal testing 
points are generally consistent with those used in the ISNCSCI examination [16, 
17]. For example, decreased sensation in the thumb region might suggest an under-
lying C6 radiculopathy or peripheral nerve pathology [16]. In the lumbar region, 
decreased sensation along the lateral calcaneal region may suggest an S1 radicu-
lopathy [16]. Light touch can be assessed with a soft cotton swab or similar mate-
rial. Sharp and dull discrimination can be performed with a small and sharp object 
such as a safety pin. Proprioception is best assessed by passively moving the fingers 
and/or toes up or down while the patient’s eyes are closed and asking the patient 
which direction the digit was moved [18].

Deep tendon and upper motor neuron reflexes can be of great aid to the examiner 
and help guide diagnostic workup. The grading of deep tendon reflexes is described 
in Table 2.4. Note that reflexes graded 1+ or 3+ can be normal variants in some 
patients. These grades would be considered abnormal if found only unilaterally or 
in patients previously found to have 2+ reflexes. For example, hyperreflexia can 
assist in the identification and localization of an upper motor neuron lesion. The 
Babinski reflex, Hoffmann’s sign, and clonus are also exam findings suggestive of 
upper motor neuron involvement [11]. These findings may prompt and support 
ordering advanced diagnostic imaging such as an MRI.  In the setting of known 
spinal canal stenosis, these findings may warrant surgical referral for further evalu-
ation of underlying myelopathy and possible decompression. Conversely, 

Table 2.3 Motor examination key nerve roots, muscle groups and associated muscle action

Nerve root Key muscles Muscle action
C5 Biceps, brachialis Elbow flexion
C6 Extensor carpi radialis longus and 

brevis
Wrist extension

C7 Triceps Elbow extension
C8 Flexor digitorum profundus Finger flexion
T1 Abductor digiti minimi Small finger abduction
L2 Iliopsoas Hip flexion
L3 Quadriceps femoris Knee extension
L4 Tibialis anterior Ankle dorsiflexion
L5 Extensor hallucis longus Toe extension
S1 Gastrocnemius, soleus Ankle plantarflexion
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hyporeflexia or areflexia may indicate a lower motor neuron lesion [11]. For exam-
ple, a depressed unilateral patellar reflex may suggest compression of the L4 nerve 
root. Commonly tested deep tendon reflexes and their associated spinal level may be 
referenced in Table 2.5.

 Functional Testing

Myotomal weakness can be further evaluated with functional screening tests, such 
as toe and heel walking. Difficulty with toe walking due to calf muscle weakness 
may indicate radiculopathy affecting the S1 nerve root, whereas difficulty with heel 
walking may indicate an L4–5 radiculopathy resulting in tibialis anterior muscle 
weakness [19, 20]. Difficulty with sit to stand transfers may also indicate lower 
extremity weakness [18]. Trendelenburg sign on single leg standing often signals 
weakness of the contralateral hip abductors innervated by the L4, L5 and S1 nerve 
roots [20, 21].

Evaluation of gait is another test that can provide insight into a patient’s overall 
functional status. Take notice of the patient’s balance, walking speed, gait pattern, 
stride length, and posture. Certain gait patterns may indicate underlying spinal 
pathology. For example, a steppage gait may be due to foot drop from an L4–5 
radiculopathy, while an ataxic gait may indicate cerebellar dysfunction or proprio-
ceptive abnormalities [18].

 Special Maneuvers and Provocative Tests

We will review common special maneuvers and provocative tests for the spine exam 
that can assist clinicians in the evaluation and diagnosis of spine conditions. Some 
common exam maneuvers and their associated sensitivities and specificities may be 
seen in Table 2.6.

Table 2.4 Deep tendon reflex 
grading scale

Grade Muscle response
0 No response (areflexia)
1+ Diminished hypoactive response
2+ Expected response (normal)
3+ Brisk hyperactive response
4+ Brisk hyperactive response with clonus

Table 2.5 Commonly tested deep 
tendon reflexes and their primary 
nerve root innervation

Deep tendon reflex Nerve root
Biceps C5
Brachioradialis C6
Triceps C7
Patellar L4
Medial hamstring L5
Achilles S1
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 Cervical Region

 Spurling
The Spurling test is utilized in the evaluation of patients in whom cervical radicu-
lopathy is suspected, and attempts to replicate radicular symptoms by compressing 
the neuroforamen around the cervical nerve roots. The Spurling test is performed 
with the patient sitting upright. The patient’s neck is placed in slight extension and 
then ipsilaterally flexed and rotated, with respect to the patient’s radicular symp-
toms. The examiner than compresses the cervical spine by applying a downward 
directed light pressure, approximately 15 lbs., through the top of the skull [22–24]. 
A positive Spurling test is denoted by reproduction of the patient’s radicular symp-
toms on compression. While this test has been found to have variable sensitivity for 
cervical radiculopathy on systematic review, its specificity has been reported to 
range between 89% and 100% [25, 26].

 Distraction
The axial manual traction test, or cervical distraction, also functions in the evalua-
tion of cervical radiculopathy. The test is performed with the patient lying supine. 
Then, 10–15 kg of superiorly-directed traction is applied to the cervical spine by the 
examiner pulling from the base of the occiput [24]. A positive tested is denoted by 
a decrease in the patient’s usual radicular symptoms, likely as a result of decreasing 
nerve root impingement at the neuroforamen. The axial manual traction test has 
relatively poor sensitivity, but excellent specificity [25, 27].

Table 2.6 Spine special examination maneuvers and their associated sensitivities and 
specificities

Exam 
maneuver Positive finding Pathology

Sensitivity 
(%)

Specificity 
(%)

Spurling Reproduction of cervical 
radicular pain

Cervical radiculitis 38–97 89–100

Bakody Decrease of cervical 
radicular pain

Cervical radiculitis 17–44 92–100

Cervical 
distraction

Decrease of cervical 
radicular pain

Cervical radiculitis 43–44 90–100

Straight leg 
raise

Reproduction of lumbar 
radicular pain

Lumbar radiculitis 52 89

Seated slump Reproduction of lumbar 
radicular pain

Lumbar radiculitis 84 89

Facet load Reproduction of axial 
lumbar pain

Lumbar facet 
arthropathy

34.5–45.5 46.9–47.2

Gaenslen’s Reproduction of pain over 
SI joint/PSIS

SI joint 
dysfunction

31 94

Thigh thrust Reproduction of pain over 
SI joint/PSIS

SI joint 
dysfunction

90.70 76.40
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 Bakody
The shoulder abduction test, commonly known as Bakody’s sign, is performed with 
the patient sitting upright. The patient is then directed to abduct their shoulder until 
their hand or forearm is resting on the top of their head [24]. Resolution or improve-
ment in radicular symptoms is considered a positive test and thought to alleviate 
pain by decreasing neural tension across irritated nerve roots. The shoulder abduc-
tion test has been found to have relatively low sensitivity, but high specificity in 
prior studies [28].

 Upper Limb Tension Test
The upper limb tension test (ULTT) is a sensitive, but poorly specific examination 
maneuver in the assessment of cervical radiculopathy and brachial plexus involve-
ment. The maneuver is performed in slightly different ways depending on the target 
nerve being tested. One way involves placing the patient in a supine position. Next, 
the examiner depresses the scapula while externally rotating and abducting the 
shoulder to roughly 100°, followed by extension of the wrist and fingers with the 
elbow in flexion. With the wrist and fingers held in extension, the elbow is passively 
extended while the patient laterally flexes the neck to the contralateral side [24]. A 
positive test is denoted by reproduction of the patient’s radicular symptoms, a 
decrease in symptoms with ipsilateral neck flexion, an increase in symptoms with 
contralateral neck flexion, and/or if there is greater than 10° difference in elbow 
extension between the patient’s arms [24]. Wainner et al. found the ULTT to be a 
highly sensitive exam maneuver in the detection of cervical radiculopathy, but only 
achieved 22% specificity [28].

 Valsalva
The Valsalva maneuver can also be a highly specific examination maneuver in the 
assessment of cervical radiculopathy. The procedure is performed with the patient 
sitting upright. Direct the patient to take a deep breath, hold it, and then bear down 
[24]. Reproduction of the patient’s radicular pains denotes a positive test. This test 
boasts a high specificity at 94%, but was found to only have a sensitivity of 22% [28].

 Lumbosacral Region

 Straight Leg Raise
The straight leg raise is a specific test aimed at identifying lumbar nerve root com-
pression or impingement through the application of neural tension. The test is per-
formed with the patient lying supine. The examiner passively flexes the hip by 
lifting the straightened leg from the ankle. The hip should be flexed to up to 90°, or 
as maximally tolerated by the patient. A positive straight leg raise is defined as 
reproduction of lower extremity radicular symptoms radiating from the lower back 
to the ankle. If stretching pain is produced in the posterior thigh, this is not a positive 
straight leg raise and is more consistent with hamstring tightness [1, 29]. The sensi-
tivity and specificity were reported by Majlesi et al. to be 52% and 89% respectively 
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[30]. If while performing the straight leg raise there are radicular symptoms repro-
duced in the contralateral leg, this is referred to as a positive crossed straight leg 
raise maneuver. This test has a lower sensitivity of 28% when compared to the 
straight leg raise, but boasts a similar specificity of 90% [31].

 Seated Slump Test
The seated slump test is another neural tension test used in the identification of 
lumbar nerve root compression responsible for radicular symptoms. To perform the 
test, the patient is seated upright at the edge of an exam table. The patient is then 
instructed to slump the thoracolumbar spine by flexing forward while looking 
straight ahead. Next, fully flex the cervical spine and then instruct the patient to 
fully extend one knee. Finally, instruct the patient to maximally dorsiflex the ankle 
of the extended leg. Reproduction of the patient’s radicular pain is considered a 
positive test. Extension of the neck after production of pain may reduce the pro-
voked pain by reducing neural tension. The test should be repeated on the opposite 
leg, as well. While similar in specificity to the straight leg raise, the slump test 
boasts a superior sensitivity in one study at 84% [30].

 Gaenslen’s
Gaenslen’s test is a high specificity, low sensitivity examination maneuver used in 
the identification of pain stemming from the sacroiliac joints [32]. This test is per-
formed with the patient lying supine. The asymptomatic hip is maximally flexed by 
having the patient pull their knee to their chest, and the symptomatic hip is maxi-
mally extended by the examiner gently lowering the leg off the side of the exam 
table and applying downward pressure on the extended leg [1]. A positive Gaenslen’s 
test is denoted by the reproduction of pain at the sacroiliac joint on the symptomatic 
side. Both sides should be tested.

 Facet Loading
This exam maneuver has many names. Facet loading, Kemp’s test, or Extension- 
Rotation test, is an examination maneuver designed to reproduce a patient’s lumbar 
facetogenic symptoms by increasing load-bearing through the facet joints. To per-
form the test, the examiner guides the patient into extension, lateral flexion, and 
lateral rotation towards the symptomatic side of the spine being tested. Overpressure 
is then applied by the examiner through the ipsilateral shoulder with one hand while 
stabilizing the ipsilateral ileum with the other hand. The examination is then per-
formed on the opposite side. A positive test is denoted as a reproduction of the 
patient’s axial lumbar pain [33]. In patients with radicular symptoms, this maneuver 
may also reproduce radiating symptoms if facet loading compromises the nerve root 
at the neural foramen. This test has been widely used in the initial evaluation of 
facet arthropathy. Although some studies have boasted sensitivity as high as 100%, 
Stuber et al. showed a sensitivity and specificity of 34.5–45.5% and 46.9–47.2%, 
respectively [34]. A similar facet loading maneuver may be used in the cervical 
region to evaluate for cervical facet arthropathy.
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 FABER Test
The Flexion Abduction External Rotation (FABER) test, also known as Patrick’s 
sign, can be used in both the evaluation of intraarticular hip pathology and sacroiliac 
joint arthropathy. This test is performed with the patient lying in a supine position. 
The examiner places the patient’s leg on the symptomatic side in a figure-four posi-
tion by flexing the hip and knee and then placing the lateral malleolus of the flexed 
leg on top of the knee of the contralateral extended leg. Next, the hip of the flexed 
leg is externally rotated and abducted by directing the flexed knee toward the exam 
table. The examiner then adds additional external rotation with the application of 
gentle pressure through the medial aspect of the flexed knee. A positive test is indi-
cated by reproduction of pain in the region of the SI joint on the symptomatic side. 
In the detection of SI joint arthropathy, a positive Faber test was found to have a 
sensitivity of 31% and specificity of 94% [32].

 Posterior Superior Iliac Spine (PSIS) Joint Distraction
The PSIS distraction test is a newer examination maneuver used in the assessment 
of SI joint arthropathy. The test can be performed with the patient either standing or 
lying prone. From this position, a medial-to-laterally directed force is applied to the 
PSIS and is considered positive with reproduction of the patient’s SI joint pain. This 
more recently developed examination maneuver has been found to have sensitivity 
as high as 100% and specificity of 94% [32].

 SI Compression/Distraction
The SI joint compression test is performed with the patient in a side-lying position 
with the hips flexed to approximately 45° and knees flexed to 90°. The examiner, 
standing behind the patient, applies pressure through the iliac crest toward the con-
tralateral iliac crest. A positive test is denoted by provocation of the patient’s usual 
pain [35]. A 2009 systematic review found the SI joint compression test to have a 
sensitivity of 62.8% and specificity of 69.2% [36].

The SI joint distraction test is performed with the patient lying supine. With both 
hands on the patient’s anterior superior iliac spines, the examiner applies pressure in 
a posterolateral direction which stresses the anterior sacroiliac ligaments [35]. 
Again, reproduction of the patient’s pain denotes a positive test. SI joint distraction 
has a reported sensitivity 60% and specificity of 81% [37].

 Thigh Thrust
To perform the thigh thrust, begin with the patient in a supine position. Next, flex 
the patient’s hip to 90° with the knee remaining relaxed. With one hand placed 
between the patient’s sacrum and the examination table, the examiner applies down-
ward force through the long axis of the femur. This test should be repeated on the 
contralateral side [38]. Reproduction of the patient’s pain is considered a positive 
sacroiliac joint test and has been determined to have a sensitivity of 90.7% and 
specificity of 76.4% on systematic review [36].
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 General Overview of Clinical Decision Making

As mentioned previously, clinical decision making in the initial evaluation of the 
patient with spine pain can be improved by stratifying patients into one of three 
categories: patients with nonspecific spine pain, spine pain with symptoms of radic-
ulopathy or spinal stenosis, and spine pain associated with red flag symptoms or 
other specific conditions.

 Nonspecific Spine Pain

In patients who have back and neck pain for less than 4 weeks without signs or 
symptoms of radiculopathy, spinal stenosis, functional impairment, or red flags on 
history and examination, a conservative approach is appropriate for initial manage-
ment. Encourage patients to maintain an active lifestyle and provide education on 
diet, posture, and a home exercise program. If not recently completed, a referral to 
physical therapy is recommended. For pain control, counsel the patient on nonphar-
macologic pain relief options such as superficial heat, topical analgesic ointments 
(i.e. Bengay, Salonpas, etc.), massage, transcutaneous electrical nerve stimulation 
(TENS), posture aids, and activity modification. In terms of medications, acetamin-
ophen is recommended as a first-line analgesic due to its favorable side effect pro-
file. If insufficient in providing relief, nonsteroidal anti-inflammatory drugs 
(NSAIDs) and muscle relaxants can be effective in the short term and can be con-
sidered in patients without contraindications to either medication class [5]. Opioid 
analgesics may be considered in patients with severe pains refractory to the prior 
medications, but should be used cautiously. Advanced imaging or invasive proce-
dures are usually not recommended at this initial evaluation [5].

Ideally, the patient should follow-up in 4 weeks to assess for improvement in 
symptoms. If the patient’s symptoms are improving, continue conservative manage-
ment, provide further education, and follow up as necessary. If there is no improve-
ment in symptoms or the patient subsequently develops signs of radiculopathy, 
spinal stenosis, or red flag symptoms, imaging studies should be considered. MRI is 
the preferred imaging method to evaluate for disc or nerve root pathology. However, 
CT can be considered in scenarios in which MRI is contraindicated or unavailable. 
Additionally, standing x-rays with flexion and extension views can provide insight 
into the structural stability of the spine [5].

 Radiculopathy and Spinal Stenosis

In patients presenting with radiculopathy or neurogenic claudication concerning for 
spinal stenosis, initial management in the acute phase (<4 weeks) is similar to that 
of nonspecific spinal pain described above. Although more concerning than nonspe-
cific pain, evidence suggests that initial management with conservative self-care 
techniques is safe and appropriate [29]. Emphasis is again placed on education, 
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self-care, activity modification, conservative pain management, and physical ther-
apy. Medications to reduce neurogenic symptoms, such as gabapentin or pregabalin, 
are an additional treatment option in the initial management of this population 
as well.

Imaging is not typically recommended in the acute symptom phase, however, 
should be considered if there are neurological deficits present or red flag symptoms 
[29]. Patients should be reevaluated after 4 weeks of conservative management. If 
the patient’s symptoms persist or worsen, imaging should be considered for those 
who are candidates for interventions such as epidural steroid injections or surgery. 
MRI is again the imaging modality of choice for these patients, but CT scan is an 
acceptable alternative when MRI is not appropriate.

 Red Flags and/or Specific Conditions

For patients with red flags on history or physical examination or for those in whom 
a specific diagnosis is suspected, a more aggressive diagnostic work-up should be 
pursued. Examples of specific diagnoses may be suspected vertebral compression 
fracture, spinal infection, malignancy, cauda equina syndrome, or myelopathy to 
name a few. The goal of this work-up is to rapidly identify and treat the underlying 
etiology.

Advanced imaging is recommended in the initial evaluation of these patients, 
with MRI being the preferred imaging modality for the initial evaluation. For 
patients with progressive focal neurologic deficits or concern for conditions such as 
cauda equina syndrome or compression fractures, non-contrast MRI is appropriate. 
Those patients with red flags suggestive of infection or malignancy should undergo 
MRI of the spine with and without contrast. CT or CT myelogram are appropriate 
alternatives in those unable to undergo MRI.

In addition to imaging, laboratory testing should be considered to help narrow or 
confirm a suspected diagnosis. Complete blood count, basic metabolic panel, 
c-reactive protein, and erythrocyte sedimentation rate are appropriate in most cases 
[5]. Human leukocyte antigen B27 and serum inflammatory markers should be 
checked in those whom autoimmune or inflammatory processes are suspected. For 
patients in whom multiple myeloma is suspected, serum protein electrophoresis 
should be performed. Furthermore, electromyography and nerve conduction studies 
can provide additional information and aid in the diagnosis of neuropathic or myo-
pathic disorders [5].

 Common Clinical Syndromes

After the appropriate work-up is performed and a specific diagnosis is made, treat-
ment targeted at that diagnosis may be considered. We will discuss a brief overview 
of some common presenting conditions and pain generators of the spine. Some of 
these topics will also be discussed in greater detail later in this textbook.
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 Myotendinous Pain

 Strains and Sprains

Injury to the muscles and ligaments of the cervical spine can be caused by a variety 
of mechanisms. In the neck, myotendinous injuries account for the majority of neck 
pain caused by traumatic injury. These injuries are most commonly caused by motor 
vehicle accidents or sports injuries, but can be caused by any trauma which places 
extreme stress on the neck musculature, causing a cervical strain. A sprain of the 
musculature occurs when these stresses cause an excessive stretching or tearing of 
ligaments [39, 40].

In the lumbosacral spine, sprains and strains are also typically preceded by a 
traumatic injury. Classically, these injuries tend to occur when lifting a heavy object 
or with truncal twisting while holding a heavy object. Pain from these injuries is 
usually limited to the lumbosacral region and does not radiate into the extremities. 
Additionally, the lumbosacral paraspinal musculature is typically sore and tender to 
palpation. Over 90% of patients with a low back strain/sprain recover after 12 weeks 
with conservative management with NSAIDs, muscle relaxers, and activity modifi-
cation [41].

 Myofascial Pain Syndrome and Trigger Points

Myofascial pain syndrome (MPS) is a prevalent and painful condition involving the 
musculature and its surrounding fascia. It typically manifests as a tight band of 
muscle with a discretely palpable and tender nodule within the muscle band referred 
to as a trigger point [42, 43]. MPS often manifests with both regional and referred 
pain patterns, and reproduction of these pain patterns on palpation of the trigger 
point is a hallmark finding [43]. Myofascial trigger points and their pain patterns 
have been most extensively catalogued by Travell and Simmons in their textbook 
about myofascial pain [44].

 Arthropathy

 Facet Arthropathy

The zygapophyseal joints, also known as facet joints, are the diarthrodial joints that 
articulate between adjacent spinal levels. The facet joints and their corresponding 
intervertebral discs form a “three-joint complex” that allows for the motion of the 
spine. Facet arthropathy is a common cause of back and neck pain and is seen in 
association with degenerative disc disease given the relationship of facet joints and 
intervertebral discs in regards to spinal motion. Facet arthropathy is most commonly 
due to osteoarthritis, but can have other etiologies. Rheumatoid arthritis has been 
seen to affect the cervical spine joints. Spondyloarthritis such as ankylosing 
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spondylitis or psoriatic arthritis can also be implicated in facet mediated pain condi-
tions. Pain from the facet joint typically manifests as a dull neck or back pain. 
Referred pain patterns from facet arthropathy are also common and the distribution 
of referred symptoms depends on the affected facets, with overlap seen between 
adjacent facet joints. Pain from the upper cervical facet joints can refer to the face 
and occipital region of the head, sometimes manifesting as cervicogenic headaches. 
In the mid to lower cervical spine, painful facets can spread pain to the shoulder 
girdle and periscapular region. Lumbar facet pain patterns are variable, but typically 
radiate into the buttock and thigh region and rarely extend below the knees [45]. On 
examination, painful facets are often exacerbated by maneuvers that place the spine 
in hyperextension or extension and rotation, such as the facet loading test. Treatment 
of symptomatic facet joints can include conservative measures such as physical 
therapy, minimally invasive interventions such as medial branch radiofrequency 
ablation, or surgical interventions.

It is important to note that severe facet arthropathy can also result in radicular 
symptoms or neurogenic claudication. This is due to facet joint hypertrophy and 
overgrowth resulting in stenosis of the neural foramen or central canal. In these 
patients, treatment interventions such as epidural steroid injection, foraminotomy, 
and laminectomy may be indicated to optimize symptom relief [46].

 Sacroiliac Joint Dysfunction

Pain from sacroiliac joint dysfunction affects 15–30% of patients with chronic, non-
radicular pain. Prevalence of sacroiliac joint dysfunction is greatest in young ath-
letes and the elderly, and is also commonly seen in pregnant women [47, 48]. While 
the classic sacroiliac joint pain pattern has been described as extending from the 
PSIS through the buttocks and posterolateral thigh, true pain patterns from sacroil-
iac joint dysfunction can vary greatly. For example, some patients report radiation 
to the knee or groin region [48–50]. The value of the physical examination in sacro-
iliac joint dysfunction has been questioned given the heterogeneity of patient symp-
toms, but multiple studies have concluded that a cluster of provocative tests with at 
least three being positive are useful in both diagnosis and predicting positive 
response to SI joint injection [37, 48]. One commonly used cluster described by 
Laslett et al. combines the SI joint compression, SI joint distraction, thigh thrust, 
sacral thrust and Gaenslen’s maneuvers to achieve high sensitivity and specificity in 
the assessment of SI joint dysfunction [37].

Multiple conservative treatment options exist for sacroiliac joint dysfunction 
including physical therapy, activity modification, bracing and NSAIDs. Minimally 
invasive treatment options include intra- and extraarticular corticosteroid injection, 
lateral branch radiofrequency nerve ablation, and sacroiliac joint fusion [48]. 
Prolotherapy has also been explored in sacroiliac joint pain as an avenue to 
strengthen the sacroiliac ligaments and reduce pain symptoms [51]. New treatments 
have also been explored including regenerative medicine treatments as well as 
peripheral nerve stimulation [51, 52].
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 Discogenic Pain

Another common pain generator of back and neck pain are the intervertebral discs. 
Discogenic pain is often axial in nature. Diagnosis and treatment of discogenic back 
pain is difficult as symptoms are often vague and the underlying pathology may 
involve the degeneration of multiple discs and their surrounding structures. The 
quality of discogenic pain is often described as bandlike and worsened with spinal 
flexion, but can also present similarly to facet mediated pain and has been found to 
have similar referral patterns [53, 54]. Diagnosis of discogenic pain can be aided 
with advanced imaging studies which may reveal loss of disc height, Modic end-
plate changes, Schmorl nodes and disc herniation, among others. Provocative or CT 
discography can be used to further evaluate discogenic pain but should be used cau-
tiously given the potential risks of discography such as post-procedural disc hernia-
tion or infection [55]. While epidural steroid injections and surgical interventions 
are potential treatment options for refractory pain, most patients are expected to 
improve with conservative management [6].

 Radiculopathy

Radiculopathy is defined as dysfunction of the nerve root(s) which can manifest as 
pain, hyporeflexia, paresthesia, numbness and/or weakness which are referred in a 
predictable pattern [56]. Classically, radicular referral patterns are described as fol-
lowing the distribution of the affected nerve root. While these distributions can be 
useful in localizing a nerve root generating radicular symptoms, a recent study has 
revealed potential overlap in radicular referral patterns [57]. Therefore, suspected 
radiculopathy can be confirmed with imaging and/or electrodiagnostic studies to 
ensure clinical correlation prior to an invasive procedure such as epidural steroid 
injection or surgical intervention.

 Myelopathy

Myelopathy results from injuries to the spinal cord and can arise from chronic com-
pression or more acute clinical conditions such as trauma, infection, or autoimmune 
disorders [58]. It can present with long-tract signs such as hyperreflexia, increased 
muscle tone, clonus, and pathologic reflexes (such as the Babinski reflex or 
Hoffmann’s sign) as well as weakness, numbness, and pain in the associated limbs 
[56]. Patients can present with impairments in gait, difficulty with fine motor con-
trol, muscle atrophy, and loss of proprioception as well. In the cervical spine, cervi-
cal myelopathy can also present as central cord syndrome which is denoted by 
motor impairment greater in the upper extremities than the lower extremities, uri-
nary retention, and/or sensory impairments below the level of the lesion [59]. 
Treatment varies based on the underlying cause of myelopathy. Compression from 
degeneration, trauma or tumors may require surgical decompression, whereas auto-
immune, infectious, and nutritional myelopathies may be managed medically [60].
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 Spinal Stenosis

Spinal stenosis is described as narrowing of the central spinal canal, lateral recess, 
or foraminal region that can result in irritation or compression of the spinal cord or 
its nerve roots. Spinal stenosis most frequently occurs at the lumbar region [61]. 
Spinal stenosis can be congenital but is more frequently degenerative in nature. 
Patients with central spinal stenosis classically present with symptoms of neuro-
genic claudication which manifests as weakness, heaviness, and radicular pain in 
the limbs that worsens with activity and improves with rest [62]. Patients often 
report symptoms are exacerbated with standing or spinal extension, and symptoms 
are improved with forward flexion of the spine such as stooping forward or sitting. 
Neurogenic claudication can present similarly to vascular claudication, but it is 
typically differentiated from vascular claudication by the presence of normal distal 
pulses on physical examination [63]. Often, patients with neurogenic claudication 
may not have active symptoms on examination, but may develop these after exercise 
or ambulation. Management of spinal stenosis typically begins with physical ther-
apy and conservative treatments. If symptoms persist, then treatment options such 
as epidural steroid injection and surgical decompression can be considered [63].

 Vertebral Compression Fractures

Vertebral fractures are among the most common fractures related to conditions such 
as osteoporosis that result in low bone mass. As such, the incidence of these frac-
tures increases with age for both men and women. Women are significantly more 
likely to suffer vertebral fractures after the age of 60 years [64]. The most common 
site for vertebral compression fracture is at the thoracolumbar junction [64]. 
Vertebral fractures are most commonly caused by osteoporosis or trauma. In all 
cases, the cause of the vertebral fracture should be considered as a fraction are the 
result of malignancy or infiltrative diseases that weaken the vertebrae [64]. 
Clinically, vertebral fractures can be difficult to recognize. Pain with percussion or 
palpation of the bony midline may aid in identifying these fractures, but their diag-
nosis is often confirmed on radiographic studies. Treatment varies based on the 
type, severity, and acuity of the identified fracture. Potential treatment options 
include rest, physical therapy, medications, and vertebral augmentation.
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3Electromyography in the Spine Patient

Denizen Kocak and Thiru M. Annaswamy

Electromyography (EMG) is a useful tool in the localization, classification, and 
identification of radiculopathy and other neuromuscular conditions in the spine 
population. This chapter will seek to provide an overview of EMG, discuss its utility 
in the evaluation of the spine patient, and highlight various clinical pearls.

Electromyography, often referring to both Nerve Conduction Studies (NCS) and 
needle EMG in combination, is an in-office procedure that evaluates peripheral 
nerves and muscles. EMG is an objective and valid test of the peripheral nervous 
system, but elements of the study can be subjective, making interpretation of the 
study challenging at times. Additionally, needle EMG is a dynamic study and the 
choice of which muscles to sample is a real time decision based on clinical presenta-
tion, physical exam, and findings in muscles which have already been sampled. 
Planning an EMG study is a skill in and of itself, and some studies may be less 
diagnostically accurate, especially when performed by an inexperienced 
electromyographer.

Much like the history, the physical exam, and imaging, EMG is another piece of 
the clinical puzzle that must be taken in context. EMG has the best diagnostic value 
when used as an extension of the history and physical exam. EMG has poor diag-
nostic utility as a standalone test, bereft of a history and physical exam. For exam-
ple, a remote axonal nerve injury consistent with radiculopathy can be detected on 
EMG in a patient who does not clinically present with radiculopathy symptoms or 

D. Kocak 
Department of Physical Medicine and Rehabilitation, VA North Texas Health Care System 
and UT Southwestern Medical Center, Dallas, TX, USA 

T. M. Annaswamy (*) 
Department of Physical Medicine & Rehabilitation, VA North Texas Health Care System and 
UT Southwestern Medical Center, Dallas, TX, USA 

Physical Medicine & Rehabilitation Service, VA North Texas Health Care System, 
Dallas, TX, USA

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. E. Noe (ed.), Multidisciplinary Spine Care, 
https://doi.org/10.1007/978-3-031-04990-3_3

https://doi.org/10.1007/978-3-031-04990-3_3


58

signs. Without the context of a past history of radicular symptoms that have since 
resolved, this diagnostic information obtained on EMG is of much less value. When 
placed in context of a relevant history and physical examination, however, EMG has 
tremendous value and provides diagnostic information to evaluate the presence, 
type, chronicity, and severity of nerve damage and can be used to help guide treat-
ment planning.

This chapter will seek to provide an overview of the study for the provider, iden-
tify strengths and limitations of EMG, and information on outcome prognostication 
with EMG.

 Overview of the Study

The examiner begins the test by performing NCS in the extremity or extremities of 
interest. This consists of stimulating peripheral nerves to evoke a “supramaximal” 
response. For motor studies, the response is termed the compound muscle action 
potential (CMAP) and for sensory nerve the response is termed the sensory nerve 
action potential (SNAP). The response of the nerve is assessed both for latency 
(time to onset for motor nerves and time to peak for sensory nerves) and amplitude 
and both are compared against a reference table of normal values. This can help to 
assess for demyelination as well as axonal loss.

One important point to note is that in radiculopathy, sensory nerve conduction 
studies are generally normal (because the dorsal root ganglion containing the cell 
bodies of the sensory axons are usually located distal to the site of radicular nerve 
impingement) [1]. Abnormality in a sensory nerve conduction study should alert the 
examiner to the presence of underlying conditions such as peripheral nerve entrap-
ment or peripheral neuropathy.

One nerve conduction study, not routinely performed by examiners, which can 
be abnormal in radiculopathy is the F wave. F-wave is a late response, which evalu-
ates the nerve over the entire length of the nerve and can suggest a more proximal 
lesion if distal studies are normal. In lumbosacral radiculopathy which was surgi-
cally confirmed in 95/100 patients studied, the sensitivity of the F-wave study 
appeared to be about 70% [2]. One caveat to this study is that it does not localize the 
proximal lesion, which may be in the proximal nerve, plexus, or roots. This study is 
also typically only performed on the median (Fig. 3.1) and ulnar nerves in the upper 
extremities (which may be abnormal in C8 or T1 radiculopathy, but would be nor-
mal in radiculopathy of the more common, higher cervical levels) and the tibial and 
peroneal nerves in the lower extremities (which may be abnormal in L5–S1 radicu-
lopathies, but normal in other levels).

Another less commonly performed nerve conduction study is the H Reflex, 
which is most commonly only obtained by stimulating the tibial nerve in the popli-
teal fossa and measuring the response in the soleus muscle. It studies a reflex arc 
with afferent Ia sensory fibers, and efferent motor fibers. Although not commonly 
used for the diagnosis of radiculopathy, the soleus H-reflex is useful to evaluate for 
S1 radiculopathy as it is an electric analog of the Achilles stretch reflex, which one 
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Fig. 3.1 Median F-wave recording. Left half: A raster of 9 Median CMAP and F-wave recordings 
are displayed here. F-waves are marked on the right side of the split screen. Top right: F-wave 
latency measures are listed. Bottom right: Superimposed traces with F-wave latency bar (solid line)

could expect to be abnormal in S1 radiculopathy. Of note, if the Achilles reflex is 
absent on physical exam, the corresponding soleus H-reflex is likely absent as well. 
The real value of the H-reflex study comes from side-to-side comparison where a 
difference in latency of 1.8 ms or greater or absence on one side can suggest S1 
radiculopathy with roughly 50% sensitivity and 91% specificity.

Needle EMG is the second portion of the test, and for our purposes, the much 
more interesting study. This test is performed by inserting a small needle (either a 
concentric needle or a monopolar needle) in order to evaluate motor unit action 
potentials (MUAPs). The choice of needle is often dictated by examiner familiarity 
and preference and there is little difference between the measured potentials with 
the two needles.

For each muscle, spontaneous and insertional activity are examined with the 
patient at rest, and then the MUAPs are examined with the patient contracting the 
muscle in question both in submaximal and maximal fashion. For in-depth discus-
sion of the various types of waveforms and abnormalities, refer to the list of refer-
ences at the end of the chapter. This chapter will attempt to summarize the findings 
to providers who do not perform the studies to better help them interpret results of 
EMGs that they may refer patients for. We will break down the findings into exami-
nation with the patient at rest (examination of spontaneous and insertional activity) 
and with the patient activating the desired muscle (evaluation of MUAPs).
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With the patient at rest, spontaneous and insertional activity are examined. 
Insertional activity can be rated as decreased, increased, or normal and there are 
standardized rating scales which electromyographers use. Briefly, the needle is 
moved very slightly within the muscle in order to irritate the muscle membrane and 
record the response. Increased insertional activity is indicative only of increased 
membrane instability and can be seen in both neuropathic and myopathic condi-
tions. Decreased insertional activity is more commonly seen with fatty or fibrous 
replacement of normal muscle tissue. Increased insertional activity alone is not 
indicative of abnormality.

Abnormal spontaneous activity is the hallmark of active denervation. For the 
purposes of examination of radiculopathy, we will primarily concern ourselves with 
fibrillation potentials and positive sharp waves, both of which represent spontane-
ous discharges due to depolarization of the muscle fiber, seen in active denervation. 
In interpreting EMGs, one will often find these referred to simply as “fibs” and 
“sharps” in reports. These represent muscle fibers that are no longer innervated, and 
are therefore discharging spontaneously. The standard rating for fibs and sharps 
ranges from 0 (none present) to 4+ (baseline entirely obscured by spontaneous 
potentials) (Fig. 3.2). They represent active axonal pathology and denervation of the 
muscle and can help to define chronicity, which will be discussed in more detail 
later in the chapter.

Less commonly, one may encounter complex repetitive discharges (CRDs) 
which represent a cycle of depolarization in adjacent muscle fibers based on ephap-
tic spread. This is commonly seen in the setting of repeated denervation, reinnerva-
tion, and denervation of adjacent muscle fibers which can occur in radiculopathy, 
though less commonly than simple sharps and fibs. Additionally, fasciculation 
potentials may sometimes hint at prior reinnervation if they have an abnormal mor-
phology though the presence of fasciculation potentials alone is not usually indica-
tive of radiculopathy.

Fig. 3.2 Positive sharp waves, 4+ rating
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With the patient activating the muscle, MUAPs are examined. The measured 
MUAP represents the depolarization of an entire motor unit, including the multiple 
muscle fibers that make up that same motor unit. They are assessed for morphology, 
stability, and firing pattern.

The components of MUAP morphology are typically duration, phasicity, and 
amplitude. For the purposes of radiculopathy, all three are important to examine. 
Duration is reflective of the time it takes for all of the muscle fibers within a motor 
unit to fire, and in the setting of denervation followed by reinnervation (e.g., chronic 
radiculopathy), the number of muscle fibers innervated by a single motor unit 
increases, leading to increased MUAP duration. Additionally, duration of the MUAP 
can help to suggest the degree of chronicity as early reinnervation tends to have 
longer duration due to more asynchronous firing and more chronic reinnervation 
tends to have a more normal duration as the new, enlarged, motor unit is able to bet-
ter fire in synchrony. Phasicity is a description of how in-sync the firing muscle 
fibers of a motor unit are. With a large degree of asynchrony, the waveform will 
have many turns that cross the baseline, and be called polyphasic (Fig. 3.3). With 
time and more chronic reinnervation, the reinnervated motor unit tends to fire more 
synchronously and polyphasic potentials may turn into serrated potentials (many 
turns that do not cross the baseline) and eventually even into MUAPs with normal 
phasicity as the motor unit fires with less asynchrony. Interpretation of amplitude 
can also be taken into consideration in this context as more chronic reinnervation 
will tend to have a narrower waveform with taller amplitude as more muscle fibers 
are firing simultaneously, and the measured potentials are additive. It may help to 
thing of the wide, polyphasic, MUAP being compressed from the sides and the 
amplitude increasing as a result. Do be aware that polyphasia, increased MUAP 
duration, and changes in amplitude are not exclusive to neuropathic conditions and 
can also be seen in myopathic pathology, though amplitude will tend to be decreased 
in myopathic disorders and increased in neuropathic disorders.

Fig. 3.3 Polyphasic motor unit potential. Left half: 3 motor units are recorded. Units 1.1 and 2.1 
are polyphasic. Right half: Unit 2.1 is displayed in more detail demonstrating high polyphasicity
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The next item which is observed is the recruitment pattern. Decreased recruit-
ment is typical of a neuropathic cause and decreased activation is characteristic of a 
more central cause (pain, spinal cord lesion, stroke, etc.). In radiculopathy, one 
would expect a normal or decreased recruitment pattern. Without any structural 
change to the muscle fibers there is no change in the force-generating ability of a 
single muscle fiber. Instead, in radiculopathy, there is an interference in the affected 
nerve root’s ability to recruit additional motor units and muscle fibers to generate 
more force when needed. As a result, the available motor unit will increase its firing 
rate (normal recruitment rate is 5–10 Hz) in order to generate the required force. 
This is referred to as decreased recruitment. In contrast, in myopathic conditions, 
force-generating ability of individual muscle fibers is affected but the ability to 
communicate with additional muscle fibers to recruit them is not. Thus, a pattern of 
normal or increased recruitment develops where additional units are recruited early 
in order to generate more force because the force-generating ability of each motor 
unit is lesser than normal.

 Utility of EMG in Identifying Radiculopathy

Due to lack of a universally accepted and reliable reference standard, the true sensi-
tivity and specificity of EMG in determining the presence of lumbosacral radicu-
lopathy is difficult to establish. A wide range of sensitivities from 30% to >80% 
have been reported for lumbosacral radiculopathy [3] and a range of about 50–70% 
sensitivity has been reported for the identification of cervical radiculopathy [4].

The more interesting measure for EMG is the specificity of the test. In order to 
diagnose radiculopathy on needle electromyography, at least two muscles inner-
vated by the same spinal nerve root but by different peripheral nerves must show 
abnormalities. This can be a combination of muscles in the limbs and paraspinal 
muscles, and the specificity for various combinations of muscles has been studied. 
The definition of an “abnormality” in these muscles is quite broad and deserves to 
be further characterized. Mainly, one will be looking at the presence of positive 
sharp waves, fibrillation potentials, and polyphasic potentials, though there are 
other indicators of radiculopathy. For any combination of muscles listed below, the 
specificity for diagnosing lumbosacral radiculopathy was 100% when only consid-
ering the presence of positive sharp waves and/or fibrillation potentials. The speci-
ficity for using the threshold of at least 30% polyphasia in the muscle to quantify it 
as abnormal led to a slightly reduced but still quite excellent specificity as detailed 
in Table 3.1 [5].

Table 3.1 Specificity of EMG in lumbosacral radiculopathy

Muscles showing abnormalities Sharps/Fibs >30% Polyphasia
Paraspinal + Two limb muscles 100 97
Two limb muscles 100 90
Paraspinal + One limb muscle 100 87
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The inherent variability in the choice of muscles to sample and what to call 
abnormal, based on a preferences and decisions by the electromyographer, may 
account for the wide range of reported sensitivities. Given this fact, it is important 
to understand what a high-quality study looks like and identify ones that are more 
likely to either accurately identify or more likely to miss radiculopathy. In short, the 
more muscles that are sampled, the higher the likelihood that one will accurately 
identify the presence of a radiculopathy but this also comes with additional discom-
fort to the patient and prolongs the duration of the study, which is often not practical 
for the electromyographer.

Attempts have been made to determine an adequate number of muscles to study 
in order to identify radiculopathy in the patient who has previously electrodiagnos-
tically proven radiculopathy. The American Academy of Neuromuscular and 
Electrodiagnostic Medicine (AANEM) recently published a monograph detailing 
recommendations for the evaluation of suspected radiculopathy [6, 7]. The exact 
sensitivities for specific algorithms and number of muscles studied is beyond the 
scope of this chapter and can be found in the AANEM monograph but we will 
briefly discuss them here. Their strongest recommendation was that the paraspinal 
muscles should be included in the radiculopathy evaluation, and in order to reach 
adequate sensitivity without the paraspinals, eight limb muscles must be studied. 
Their recommendation, made easier to remember with a handy rhyme, was “To 
minimize harm, six in the leg and six in the arm” with the caveat that one of the 
studied muscles was a paraspinal muscle and that the other sampled muscles repre-
sented the nerve roots in the affected limb (C5–T1 in the arm or L2–S2 in the leg). 
This of course, is simply a recommendation for initial screening studies for radicu-
lopathy, and further evaluation of additional muscles is directed by real-time inter-
pretation of abnormalities on EMG.

In a study of 50 patients with surgically defined single root cervical radiculopa-
thy who were evaluated with EMG and imaging (either CT myelogram or MRI), 
there was good concordance in the affected level which was identified. Within this 
cohort, 35 patients had mixed sensorimotor symptoms, nine had sensory complaints 
only, and six had motor complaints only. Imaging results matched surgical results in 
all but five of the patients, and generally correlates with imaging findings in 65–85% 
of patients [4]. Discussion of the electrodiagnostic findings is slightly more nuanced. 
In that study, the C5, C7, and C8 radiculopathies had a more standard pattern of 
involved muscles listed in the table below but the C6 radiculopathy had a significant 
overlap with the both the C5 and the C7 radiculopathy patterns of muscles that 
showed abnormal results [8].

For lumbosacral radiculopathy, the patterns of abnormal muscles were examined 
by the same group and they found that L2–L4 radiculopathies were the most diffi-
cult to confirm, likely in the setting of fewer distal muscles and overlap among 
innervation of L2–L4 root innervation in muscles. Although many root innervation 
tables will include other root levels, Tsao et al. suggested that the gastrocnemius 
was predominantly S1 innervated, the biceps femoris was exclusively S1 inner-
vated, and the tibialis anterior was predominantly L5 innervated [9]. This informa-
tion can be used to help guide electrodiagnostic interpretation of findings.
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Additionally, needle EMG is more likely to be abnormal in patients who present 
with motor deficits (this will make sense as we discuss limitations of sensory pre-
dominant radiculopathy below) and patients with motor complaints or objective 
weakness on exam are more likely to have EMG correlates [4].

 Limitations of EMG in Radiculopathy

Despite the ability of EMG to add to the clinical diagnosis of a patient with radicu-
lopathy, there are several inherent limitations of the study that the spine provider 
should be aware of when ordering or performing an EMG.

Chief among these is the limitation that EMG will not always be able to define 
the specific level of the radiculopathy. In almost all cases, the EMG will be able to 
localize the level to within +/− one level but due to the multi-nerve root level inner-
vations of muscles a single muscle is not enough to localize the affected nerve root. 
In general, the goal should be to sample enough muscles innervated by a specific 
nerve root but by different peripheral nerves to feel confident that the pathological 
findings are attributable to a single nerve root. For an EMG to suggest radiculopathy 
at a certain root level, at least two muscles supplied by the same root should have 
abnormal findings suggestive of denervation or reinnervation potentials. In order to 
provide a stronger case for a specific level, more muscles must be studied. Consider 
for example a sample of the tibialis anterior (L4/L5 nerve roots, deep peroneal 
nerve) and the peroneus longus (L5/S1 nerve roots, superficial peroneal nerve) 
which both show evidence of reinnervation potentials suggestive of a radiculopathy. 
One could surmise that this would be enough evidence for an L5 radiculopathy as 
the L5 nerve root is traditionally common to both muscles but in order to rule out a 
common peroneal neuropathy additional muscles should be examined. Take a 
moment to review Table 3.2 for an illustrative example.

Table 3.2 Example of EMG/NCS helping with lesion localization

Subacute axonal L5 
radiculopathy

Subacute axonal common peroneal 
neuropathy

Nerve conduction study
Tibial motor to AH Normal Normal
Peroneal motor to EDB May be abnormal Likely abnormal
Peroneal motor to TA May be abnormal Likely abnormal
Superficial peroneal 
sensory

Normal Likely normal

Sural sensory Normal Normal
EMG
Tibialis anterior May be abnormal Likely abnormal
Peroneus longus May be abnormal Likely abnormal
Medial gastrocnemius Normal Normal
Tibialis posterior May be abnormal Normal
Gluteus medius May be abnormal Normal
L5 Paraspinal Likely abnormal Normal
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An example of what would be strong enough to suggest radiculopathy would be 
to have evidence of denervation and or reinnervation potentials in the biceps brachii 
(C5/C6 nerve roots, musculocutaneous nerve) and the pronator teres (C6/C7 nerve 
roots, median nerve), and involvement of the paraspinals would localize the lesion 
as a radiculopathy.

It should be noted that needle EMG is not ideal for lesion localization. This 
means that abnormal findings in a muscle of interest suggests that the lesion is 
proximal to the muscle, but absence of abnormalities does not necessarily localize 
the lesion distal to the muscle. Especially in peripheral nerve injuries in the limb, 
nerve conduction studies are much more specifically able to localize the lesion (for 
example, by performing ulnar inching where the skilled electromyographer can 
localize a cubital tunnel lesion to within an inch of the lesion).

Knowing this, let us look at the example above where the biceps brachii and the 
pronator teres showed abnormalities. These findings allow us to say that there is a 
lesion proximal to the branching point from the musculocutaneous nerve to the 
biceps and proximal to the branching point from the median nerve to the pronator 
teres. This could be consistent with a plexopathy, radiculopathy, or less commonly 
isolated mononeuropathies. Now take the same scenario, but let us assume that the 
corresponding paraspinals (C6 level paraspinals) demonstrated evidence of active 
denervation (fibrillation potentials and/or positive sharp waves). This means that 
there is an axonal lesion proximal to the branching point of the nerve that innervates 
the paraspinals (medial branch or dorsal rami dependent on level studied). This 
allows us to confidently state that the lesion is very unlikely to be due to a brachial 
plexopathy.

Although the paraspinal muscles are valuable in the evaluation of radiculopathy, 
they present with some specific challenges that are unique to electromyographic 
evaluation. Firstly, in the paraspinal muscles only spontaneous and insertional activ-
ity are evaluated, meaning that a fully reinnervated paraspinal muscles will not be 
defined as abnormal. Second, patients must be able to relax fully, and patients are 
less able to consciously relax the paraspinals. An experienced electromyographer 
can help patients relax using simple repositioning, but it is not uncommon to have a 
background of motor activity that interferes with the electromyographer’s ability to 
adequately evaluate the presence of denervation potentials. Third, paraspinal EMG 
is relatively contraindicated in patients on anticoagulation due to the increased risk 
of hematoma. Lastly, in patients who have had spinal surgery which utilizes a pos-
terior approach, the paraspinal muscles may show persistent abnormal needle find-
ings for a number of years after surgery due to iatrogenic nerve and muscle injury, 
which can remain false-positive for 2–3 years post-operatively.

Additionally, other conditions can lead to findings of sharp waves and fibrillation 
potentials, as they signify spontaneous depolarization of the muscle fibers. This can 
occur in other neuropathic conditions like peripheral neuropathies, inflammatory 
myopathies, muscular dystrophies, and neuromuscular junction disorders such as 
botulism. One needs to be aware that sharps and fibs do not signify denervation 
from radiculopathy, but instead signify membrane instability, which often occurs in 
a denervated muscle.
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It is important for the spine provider to examine EMG reports with a critical eye 
and take them in the clinical context of the patient to look at the quality of the diag-
nosis of radiculopathy based on EMG.

One must also be aware of the possibility of a prefixed and postfixed brachial 
plexus. Although a completely pre or post-fixed brachial plexus are rare, studies 
have suggested that about 50% of patients will have some variation relative to the 
“typical brachial plexus” in a study of about 200 sampled plexuses. This same study 
suggested that about 25% of plexuses were prefixed and about 2.5% were postfixed. 
A review of multiple similar studies has suggested a prevalence of prefixed plexuses 
ranging from 10% to 60% and prevalence of postfixed plexuses from less than 1% 
all the way up to over 50%. With such a wide range, and variations in the definition 
of a prefixed and postfixed plexus, it is difficult to establish a true prevalence but it 
is something that must be considered as it will affect the nerve roots that innervate 
specific muscles. For example, in a prefixed plexus, one might expect the deltoid 
(traditionally considered C5 and C6 innervated) to be innervated by the C4 and C5 
nerve roots. This is just one example but a similar principle can be applied to other 
muscles of the arm. Similarly, in a postfixed plexus, one would expect there to be 
contribution from the C7 nerve root to the deltoid [10, 11].

Additionally, it is not uncommon for radiculopathy to have relative preservation 
of some fascicles which may lead to an unexpectedly normal muscle study in the 
setting of high clinical and electromyographic suspicion (based on muscles already 
studied) for radiculopathy. It may also lead to relative sparing of one muscle despite 
clear evidence of radiculopathy based on the other muscles studied. Another inter-
esting case to consider is if the radiculopathy affects only sensory fascicles while 
sparing the motor fascicles in the nerve root. In this case, needle EMG will be nor-
mal. Additionally, a purely demyelinating lesion may not be discovered on needle 
EMG without adequate assessment of recruitment and firing rate, because denerva-
tion and reinnervation potentials are dependent on the presence of axonal injury.

Understanding these scenarios in which EMG may not reveal a radiculopathy, it 
is important to be aware that a normal study does not negate the clinical diagnosis 
of radiculopathy.

Increasing the accuracy of determination of the level of the affected nerve root 
comes at the cost of studying more muscles. This means more discomfort for the 
patient, a longer exam, and in the case of specific muscles, increased risk of injury 
to the patient. For example, differentiation of a C5 vs C6 radiculopathy is more dif-
ficult as both the deltoid and biceps traditionally have both C5 and C6 innervation. 
One could study the rhomboids which are traditionally C4/C5 innervated to further 
differentiate C5 vs C6 radiculopathy though this comes with the increased risk of 
pneumothorax for the patient. One must weigh the relative clinical benefit vs the 
risk of studying further muscles.

Though not a direct limitation of EMG, we have included mimickers of radicu-
lopathy in Table 3.3 as it is important to highlight that the electrodiagnostic evalua-
tion of a patient is an extension of the physical exam and other clinical data and that 
one must be aware of common pain referral patterns and other etiologies of sensory 
complaints. This is not an exhaustive list, but seeks to identify some common 
confounders.
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Table 3.3 Mimickers of radiculopathy

Cervical facet arthropathy Referral to shoulder/scapula
Lumbosacral facet arthropathy Referral to posterior thigh and groin [12]
Hip osteoarthritis Referral to groin/thigh
SI Joint pain Referral to groin/leg/foot [13]
Peripheral neuropathy Often distal > proximal and symmetric but varies with etiology
Peripheral mononeuropathy Neuropathic pain/weakness in nerve distribution
Myopathy Weakness and distal pain

 Timing of Findings in Radiculopathy

It is also important to be aware of when certain findings will become apparent on 
EMG in the course of radiculopathy. With an acute inciting event that leads to radicu-
lopathy, there will be a somewhat predictable time course of the presentation of vari-
ous abnormalities on EMG. A routine electrodiagnostic evaluation for radiculopathy 
is less likely to yield false negative results after 6 weeks from initial onset of symp-
toms to allow for axonal injury changes to become more apparent. In the section 
below, we will detail the expected progression of EMG findings in radiculopathy.

A detailed history and physical will help to better interpret the electrodiagnostic 
findings. Getting details on onset and progression of current symptoms is as impor-
tant as getting the history of prior radicular symptoms even if they have since 
resolved. Such information will enable one to better attribute findings of a combina-
tion of both acute denervation and chronic reinnervation. The onus of obtaining this 
nuanced history also falls onto the electromyographer performing the study, but any 
spine provider needs to keep this in mind while interpreting the studies they ordered.

In the acute phase from injury to about 10–14 days, there will not be evidence of 
active denervation on needle EMG as there has not been sufficient time for Wallerian 
degeneration, and thus distal denervation to occur. One will typically see a pattern 
of reduced recruitment as some axons will not fire if there is axonal injury. 
Fibrillation potentials will then begin to develop, and while needle EMG is not 
highly specific for delineating the timing of the injury, some general trends can be 
used as surrogate markers for chronicity. The amplitude of fibrillation potentials can 
suggest the duration of denervation with very early fibrillation potentials being as 
large as 1 mV in size, often decreasing to 600 μV within the first 2 months, and 
subsequently decreasing to 100 μV or smaller at 1 year. In general, it may suffice to 
recognize that larger amplitudes suggest an injury that occurred just a few months 
ago whereas smaller amplitudes suggest an injury greater than a year ago [14].

The first signs of reinnervation which occur will be nascent potentials on EMG 
as terminal collateral sprouting is just barely reaching the denervated muscle fibers. 
The sprouting occurs from distal motor units and therefore, nerves do not have to 
grow far to reach their new target and nascent potentials can be seen as early as 
6–8 weeks. For reinnervation from axonal regrowth as opposed to collateral sprout-
ing, the time will roughly mimic the time it takes for nerve regrowth to occur 
(roughly 1 inch per month), and nascent potentials will be seen much sooner in 
more proximal muscles relative to distal ones.
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Following nascent potentials, more polyphasic and above average amplitude 
potentials will begin to develop (remember this is asynchronous firing from early 
reinnervation). These may persist for quite some time, and it is difficult to character-
ize a specific time course based on polyphasic potentials alone. With time, these 
new motor units will begin to fire more synchronously and potentials will summate 
to produce larger amplitude motor unit action potentials. After several years have 
passed, they may summate to the degree that they become “giant motor units” which 
can reach amplitudes of greater than 20 mV and are the most chronic finding on 
needle electromyography.

 Role of EMG in Lumbar Spinal Stenosis

Although electrodiagnosis is less commonly used in the diagnosis of lumbar spinal 
stenosis relative to lumbosacral or cervical radiculopathy, it can also be an effective 
tool in examining patients with suspected symptomatic lumbar spinal stenosis. Haig 
and colleagues have spent extensive time validating and detailing paraspinal map-
ping as a technique to evaluate lumbar spinal stenosis on EMG. Originally, they 
utilized an extremely intensive paraspinal mapping technique which required map-
ping more areas but they concluded that the MiniPM technique provided similar 
sensitivity and specificity with the benefit of less patient discomfort and less chance 
of iatrogenic injury as fewer samples were needed. The L3, L4, and L5 levels were 
sampled bilaterally. To localize the first three points of needle insertion, the inferior 
border of the lumbar spinous process was palpated and the needle was inserted 
2.5 cm laterally and 1 cm cranially to this point for the L3, L4, and L5 levels. For 
the last insertion point, the needle was placed 2.5  cm laterally to the midpoint 
between the posterior superior iliac spines. At all locations, the needle was advanced 
in three different cephalocaudal angles (45° cranial, 0°, and 45° caudal) while being 
directed 45–60° towards the midline. Observed muscle membrane instability was 
rated on a scale from 0 to 4+. Based on their sample of 150 patients which included 
asymptomatic patients, patients with back pain but no suspected stenosis, and 
patients with clinical spinal stenosis, a paraspinal mapping score of >4 had 100% 
specificity and a 30% sensitivity for lumbar spinal stenosis when compared to the 
axial pain and asymptomatic groups [15].

In addition to paraspinal mapping, needle EMG of the limb when taken in com-
posite with the paraspinals appears to increase the sensitivity to 47.8% but reduced 
specificity slightly to 87.5% and the H-Wave showed a sensitivity of about 36.4% 
with a specificity of 91% [15].

 When EMG Is Not Helpful

In addition to knowing when to order an EMG, it is important to know the condi-
tions in which EMG is not likely to provide additional information. The AANEM 
published a set of Choosing wisely recommendations in 2015 which highlights 
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some of these [16]. Chief for the spine provider is that electromyography is not 
likely to be helpful for axial neck or back pain without symptoms (weakness/
numbness/pain) in the associated limbs. It is a test of the nerves, neuromuscular 
junction, and associated muscle fibers so unless involvement of these is suspected, 
EMG would be expected to be normal, or if abnormal, may result in additional 
unnecessary workup and testing for the patient with additional associated risks 
and costs.

 Significance of EMG in Predicting Clinical Outcomes

While we still advocate for the use of conservative treatment (therapy, medications, 
etc.) of uncomplicated lumbosacral or cervical radiculopathy, it is interesting to 
note that some studies have shown that patients with electrodiagnostically con-
firmed radiculopathy have better outcomes with both injections and surgical inter-
vention compared to patients with negative EMG findings.

For epidural steroid injections targeting pain from radiculopathy, it appeared 
that patients with positive EMG findings were more likely to respond to them. In 
a study of 170 patients with lumbosacral or cervical radiculopathy who received 
transforaminal epidural steroid injections, pain at 30 days and opioid use were 
examined. It appeared that a statistically significantly larger percentage of 
patients with lumbosacral radiculopathy reported >50% pain relief lasting longer 
than 30 days (37% versus 17%). For patients with cervical radiculopathy, this 
trend did not hold but of note, sample size in the cervical radiculopathy group 
was only 22 patients. Additionally, patients with positive EMG findings trended 
toward using less opioids but this did not reach statistical significance [17]. In 
another study of patients with lumbosacral radiculopathy who underwent trans-
foraminal epidural steroid injections, disability score improvement was statisti-
cally significantly better in patients with electrodiagnostically positive 
radiculopathy. This was measured by the Oswestry Disability Index (ODI) in a 
cohort of 39 patients [18].

A similar trend was shown for interlaminar epidural steroid injections as well, 
which included 89 patients which showed statistically significantly improved pain 
scores at follow up visit and significantly improved function as defined by the Pain 
Disability Questionnaire (PDQ) score [19].

In patients with lumbar spinal stenosis, a pilot study of 11 patients undergoing 
interlaminar epidural steroid injection for lumbar spinal stenosis demonstrated 
improved Pain Disability Questionnaire results at 1 months for the subset of patients 
who had a positive pre-injection EMG [20].

For surgical outcomes, the evidence is weaker in the ability to predict outcomes 
after surgery but at least one study has shown that it may be useful in predicting 
post-surgical outcomes in cervical radiculopathy. In a set of 20 patients who under-
went anterior approach cervical discectomy and fusion, patients who had positive 
EMG findings had better functional outcomes as defined by the Prolo Score and had 
better satisfaction scores [21].
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 Conclusions

In summary, EMG (nerve conduction study and needle electromyography) is a valu-
able tool that adds diagnostic value to the clinical history and physical exam, and 
complements imaging studies. It can help to diagnose radiculopathy, can localize 
the level of radiculopathy, and can suggest the severity and chronicity of the lesion. 
Patients with EMG findings of radiculopathy have improved pain and reduced dis-
ability following lumbosacral epidural steroid injections and tend to do better after 
surgery. It is however, important that the ordering spine provider be aware of the 
limitations of EMG studies and be able to interpret the results in order to make 
informed clinical decisions.
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4Conventional and Advanced Imaging 
Evaluation of Spine

Girish Boraiah and Avneesh Chhabra

 History of Spine Imaging

X ray discovery by Roentgen happened in the year 1895. But, the use of Spine 
x-rays started around 1920s and immediately, it was followed by X-ray tomogra-
phy. Earliest clinical use of fluoroscopy, then called Cineradiography, was for the 
evaluation of joint movement in 1905. Subsequently fluoroscopy was incorpo-
rated into surgery and also for the evaluation of artificial limb fitted stump. Spine 
Fluoroscopy was gradually incorporated into intraoperative imaging over the next 
few years [1]. Use of Spine x-rays to assess trauma, spine instability and screen-
ing of many disease entities like infections, developmental aberrations and tumors 
has retained relevance to this day. Tomography (before being replaced mostly by 
CT) has the advantage over plain X-rays for the detection of subtle osseous abnor-
malities, such as complex fractures, bone fragments within the spinal canal, and 
cortical erosions. Later pneumoencephalography, pneumomyelography and 
myelogram using Lipiodol type contrast slowly emerged as additional tools to 
diagnose intracranial tumors, spinal cord tumors and hydrocephalus. For myelo-
gram, thorium dioxide (Thorotrast), iophendylate (Pantopaque) and Meglumine 
were used for decades with less frequent adverse reactions or severe complica-
tions. Subsequently in the early 1970s, less toxic nonionic water-soluble contrast 
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Metrizamide and in 1980s, iohexol and iopamidol came into use. Spinal angiog-
raphy started around 1970s. Selective catheterization using the Seldinger tech-
nique and subtraction technique was developed subsequently for assessing small 
abnormal vessels and related spinal vascular malformations. Till today, digital 
spinal angiography remains the study of choice due to an inherent advantage of 
superior spatial resolution and multiple angiographic runs on table, even though 
CT (computed tomography) angiography and MR (magnetic resonance) angiog-
raphy are widely available. First EMI CT scanner introduced in 1973 could image 
only the head. In 1975, CT imaging of the spine became available followed by 
introduction of post-myelographic CT.  In early 1980s, Lumbar spine CT with 
contrast was extensively used in post-operative/degenerative spine disease, tumors 
and infection assessment. Even with low field, 0.15 T–0.6 T MRI scanners in the 
early 1980s, the contrast resolution was superior to the best available CT scanners 
at that time. With the introduction of intravenous Gadolinium based contrast 
agents (GBCA) in 1988, the spinal cord and its pathology were better visualized 
on contrast enhanced MRI than CT, despite the fact that only low field magnets 
were available. Ultrasound was also gaining popularity and it was prudently used 
for spinal assessment in infants for meningocele, tethered cord, etc. Ultrasound 
has though limited role in adult spine imaging [2].

With advances like 3D (dimensional) imaging, dual energy CT scanning, metal 
artifact reduction techniques, fast scanning machines / techniques, low dose scan-
ning (using automated iterative approaches and dose modulation), dynamic con-
trast scanning and so on, the capabilities of CT imaging have been at the new 
frontiers. Intra-operative CT and CT fluoroscopy have been made real-time imag-
ing possible with excellent surgical and interventional radiology planning. Even 
with such advancements, the main drawbacks of CT are radiation exposure and 
poor soft tissue contrast, when compared to MRI. Hence, MRI with latest technol-
ogy like 3-T (tesla) imaging, multi-channel spine coils, metal artifact reduction, 
fast scanning techniques with turbo spin-echo, 3D imaging, motion studies using 
gradient-echo sequences, echo-planar imaging, and parallel imaging, etc. has 
become the first choice for advanced spinal imaging in almost all conditions. 
Newer sequences like DWI (diffusion weighted imaging), DTI (diffusion tensor 
imaging), CSF flow studies, MR Neurography (MRN), MR spectroscopy (MRS), 
and perfusion MR imaging have provided abundance of imaging details, which 
were not otherwise possible. Navigational MRI systems are also being exploited 
similar to CT imaging for assistance with robotic and interventional proce-
dures [3].

This chapter will focus on the commonly used imaging modalities for the evalu-
ation of spinal pathologies so that the reader can learn their appropriate indications 
and role in different spinal conditions. Imaging appearances of various pathologies 
are discussed with relevant case examples. Finally, advanced and emerging imaging 
modalities in the domain of spine imaging are also highlighted.
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 Morbidity Related to Spine

By Medical Expenditure Panel Survey, approximately 6% of US adults reported an 
ambulatory visit for a primary diagnosis of a back or neck condition (13.6 million 
people in the year 2008). Between the years 1999 and 2008, the mean inflation 
adjusted annual expenditures on medical care, chiropractic care, and physical ther-
apy (three of the most common ambulatory health services utilized by individuals 
with spine conditions) for these patients increased by 95% (from $487 to $950 per 
patient per year). Approximately $90 billion is spent on the diagnosis and manage-
ment of low back pain, and an additional $10 to $20 billion is attributed to economic 
losses in productivity each year.

The frequency of ambulatory visits for Intervertebral disk disorders, sprains and 
strains, and for disease related to spinal curvature is at 18.7%, 7.0%, and 2.8%, 
respectively [4]. The 2010 global burden of disease study estimated that low back 
pain is among the top ten diseases and injuries that account for the highest number 
of disability-adjusted life years (DALY) worldwide.

 Imaging Evaluation

Following a through clinical assessment, radiography is the first line screening 
modality. This may be supplemented with fluoroscopy as needed. Advanced imag-
ing with CT and MRI is indicated in specific circumstances, as outlined in the sub-
sequent sections.

 Radiographic Evaluation of Spine

The radiographic (X-ray) imaging of cervical, thoracic and lumbosacral spine is 
commonly performed using frontal (anteroposterior, AP), lateral, and bilateral 
oblique views. X-rays serve as the first and cost-effective screening modality for 
spinal evaluation in almost all conditions, except in emergent post-traumatic assess-
ment where CT might be chosen as the initial screening modality. AP view allows 
optimal assessment of the scoliosis, vertebral count, lumbosacral transitional verte-
bra (LSTV), transverse process fracture, pedicular involvement/injury, paraverte-
bral soft tissues, uncovertebral joint, and sacroiliac (SI) joint disease. Lateral view 
is optimal for the evaluation of spinal curvature, sagittal balance assessment, evalu-
ation of short pedicles, vertebral compression and spinal process fractures, vertebral 
retropulsion, Baastrup’s disease, spinal listhesis, atlanto-axial dislocation and pre-
vertebral soft tissues. Oblique views are optimal for facet joints, spondylolysis, SI 
joint, and neural foraminal assessment. Libson et al. concluded that 20% of pars 
interarticularis fractures (spondylolysis) were detected only on the oblique views 
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[5]. Special X-ray views are obtained for different regions and various indications, 
e.g. bending views for scoliosis, and flexion and extension views for listhesis and 
potential spinal instability. More than 2 mm anteroposterior motion and asymmetri-
cal disc narrowing are indicators of anteroposterior and rotational instability, respec-
tively. Anterolisthesis is graded from I to IV based on 4 quarters of end-plate widths 
of the inferior vertebra, e.g. grade IV anterolisthesis is >75% slippage of the verte-
bra. Spondyloptosis is referred to as Grade V by many. More than grade II antero-
listhesis usually has spondylolysis in association. Retrolisthesis is graded from I to 
III based on degree of neural foraminal stenosis in thirds, i.e. mild, moderate, or 
severe stenosis correspond to the grade I–III. LSTV is classified based on Castellvi 
classification into class I–IV. The diagnostic standard for Lumbar segmental insta-
bility (LSI) is excessive translational or rotational movements between lumbar ver-
tebrae, accomplished by using functional (flexion–extension) radiographs, with 
development of 2 mm or more listhesis or more than 5–10° of rotation component, 
the latter is though more difficult to identify.

In the cervical spine, main features to evaluate are vertebral body height, trans-
verse processes, overlapping articular processes of facet joint, uncovertebral joint, 
equal intervertebral spaces, centrally placed spinous processes and medial ends of 
upper ribs. Also visible are soft tissues mainly muscles, lung apices and the central 
air-filled trachea. Less than or more than 50% anterolisthesis is associated with 
unilateral or bilateral facet dislocations, respectively. The 1st (atlas) and 2nd (axis) 
cervical vertebrae are best assessed on the open mouth view. Open mouth view is an 
AP projection which shows central odontoid peg of the axis, bilateral lateral masses 
of atlas along with bilateral atlantoaxial joints equidistantly placed from the midline 
(peg) (Fig. 4.1). Open mouth view can identify C1 burst (Jefferson’s) fracture, C2 
Odontoid (Dens) fracture), alar or transverse ligament injury and basilar invagina-
tion. Fuch’s view of the Odontoid process can be used as an alternative in cases with 
no history of acute spinal injury. If there is widening of one side, say right sided 
lateral atlantoaxial space, it should correspond to rotation of the face towards right 

C1

C2

Fig. 4.1 Open mouth 
view. Equal distance 
between dens to ring of C1 
on either side (↔). Normal 
alignment of lateral 
margins of C1 and C2 (red 
lines)
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side. If the face is rotated to the other side, rotary subluxation diagnosis can be 
confirmed.

Lateral view shows the prevertebral soft tissue thickness/space (it is abnormal if 
it measures >7  mm at C2 level and >22  mm in adults or >14  mm in children 
(<15 years) at C6, or is roughly larger than the corresponding vertebral body width 
or if there is focal dense soft tissue bulge at any level), atlantoaxial interval (normal 
is up to 2.5 mm in adults and 5 mm in children), intervertebral spaces, continuous 
C2 ring (Harris ring), spinous processes, dens, anterior arch of the atlas, facet joints 
with superior and inferior articulating surfaces. C2 vertebra has the largest body and 
C3 represents the reference vertebral height to compare for the evaluation of com-
pression fractures. C7 has the largest spinous process. Look for parallelism of the 
facet joint articulations. It is important to note four spinal contour lines to evaluate 
instability or malalignments, especially in the trauma setting (Fig. 4.2). Step-off in 
the contours of these lines is pathologic except in pseudolisthesis, which can be seen 
at C2–3 and C7–T1 levels.

 1. Anterior vertebral line connecting the anterior margins of the vertebrae.
 2. Posterior vertebral line connecting the posterior margin of the vertebrae.
 3. Spinolaminar line connecting the confluence of bases of the spinous processes 

and the posterior margin of laminae, depicts the posterior margin of the spinal 
canal. This line represents the most important line during alignment evaluation 
as it is not disrupted in pseudolisthesis.

Fig. 4.2 Cervical spinal 
contour lines. 1. Anterior 
vertebral line (Green). 2. 
Posterior vertebral line 
(Blue). 3. Spinolaminar 
line (Orange). 4. Posterior 
Spinous line (Yellow)
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 4. Posterior Spinous line connecting the posterior margin of the spinous processes. 
If space between spinous processes is widened, it suggests interspinous ligamen-
tous injury in setting of trauma.

Os odontoideum is a congenital variant of the axis, which is variable in size and 
shape, well corticated, smooth and separate from rest of short odontoid process. It 
can be identified and differentiated by X-rays with the open mouth, anteroposterior, 
and lateral views. Dynamic lateral flexion and extension views may provide infor-
mation about atlanto-axial instability. CT/MRI may be necessary in few cases to 
glean additional information [7]. Atlantooccipital assimilation is a partial or com-
plete congenital fusion between the atlas and the base of the occiput, which often 
requires CT for complete evaluation [8]. If apex of dens breaches the plane of the 
foramen magnum, then basilar impression is suspected. When the dens protrudes 
above the foramen magnum, a basilar invagination is diagnosed, which can result in 
chronic headaches, limited neck motion, and acute neurologic deterioration [9]. 
These entities are optimally assessed by CT/MRI. Craniometry [10] through MRI 
plays a crucial role in evaluation and management of these craniovertebral junction 
anomalies.

Denis [11] divided spine into three columns to assess spine instability secondary 
to trauma, which was an improvisation of the prior two column classification from 
Holdsworth (1970). Anterior column comprises anterior half of vertebral body, 
anterior half of annulus fibrosus and anterior longitudinal ligament. Middle column 
comprises posterior half of vertebral body, posterior half of annulus fibrosus and 
posterior longitudinal ligament. Posterior column comprises posterior bony arch of 
vertebra, supraspinous ligament, interspinous ligament, ligamentum flavum and 
facet joint capsule. Involvement of two or more columns is associated with instabil-
ity and reduced load carrying capacity (Fig.  4.3) [12]. A lateral spine x-ray can 
identify 75% of fractures with a sensitivity of 85%. The sensitivity increases to over 
90% when a full series of AP, lateral, oblique and open mouth X-rays are obtained 
(Fig. 4.4) [6]. Cervicothoracic (swimmer’s view) lateral projection of cervical spine 
with arm by side of the head allows better visualization of C-7, T-1, and T-2 verte-
brae due to uncovering of the spine from the bony and soft tissues of the shoulder 
girdle (Fig. 4.5).

 Radiography in Scoliosis

Angulation of the lateral spinal curvature with Cobb angle of 10° or more is referred 
to as Scoliosis. If Cobb angle is less than 10°, it is called spinal asymmetry. Frontal 
X-rays are used to grade the vertebral rotation by Nash-Moe method, to measure 
coronal balance and to evaluate Cobb angle (Figs.  4.6 and 4.7). Cobb’s angle 
changes with standing frontal, supine rightward- and leftward-bending radiographic 
views. These views along with standing lateral view (used to measure sagittal bal-
ance) are employed to classify scoliosis by Lenke system, which is widely used in 
guiding surgery. Another study by Alberto Ofenhejm Gotfryd et al. suggested using 
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a lateral oblique view radiograph in supine position to predict the percentage opera-
tive correction achievable using pedicle screws for the main thoracic curve, in 
patients with Adolescent idiopathic scoliosis of Lenke types 1A and 1B. For idio-
pathic scoliosis in adolescent and adults with Cobb angles of less than 20° and 30° 
respectively, follow-up imaging at 4–12-month intervals suffices. Bracing and sur-
gery are generally opted when the Cobb angle is between 20° to 45° and greater 
than 45°, respectively. Such therapeutic decisions are also based on the age and 
scoliosis progression [13].

In a study by Hasegawa et al. [14] showed that in x-ray and CT imaging, the 
measurements (Pelvic tilt, pelvic incidence, Cobb and rotation angles of the major 
curve) especially of the thoracolumbar area, were significantly greater in the stand-
ing position than in the supine position. Whereas the sacral slope was significantly 
smaller in the standing position than in the supine position.

 Digital Video Fluoroscopy

Digital video fluoroscopy (DVF) to assess normal and abnormal lumbar spinal 
motions in vivo has been suggested by many as being superior to the static flexion–
extension views [15]. Lumbar flexion-extension motion has been assessed with 
simultaneous use of electrogoniometer and videofluoroscopy. Cost and practical 
feasibility renders flexion-extension radiography being preferred over 

Anterior PosteriorMiddle

D10

D11

a b

Fig. 4.3 Three column fractures of the spine involving D11 and D10 respectively, on sagittal 
CT. (a) shows sagittal reconstruction from 3D CT and (b) shows zoomed view of the fractures at 
D10/11 level
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Fig. 4.5 Swimmer’s view 
enables good visualization 
of the cervicothoracic 
junction

Fig. 4.4 Extension 
teardrop injury at 
C3 – Most often, it is a 
stable injury (arrow)
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video- fluoroscopy. Flexion-extension radiographs have limited utility in the acute 
setting with high false-negative and false-positive rates [16]. A study comparing 
flexion- extension radiographs with CT also concluded that they are not efficacious 
when a negative CT has been performed in blunt trauma without neurological find-
ings [17]. Dynamic fluoroscopy also does not identify additional fractures or insta-
bility that has not been identified on CT imaging [18].

Various forms of fluoroscopy have been in use for a long time in orthopedic sur-
gery, especially during spinal surgery. Earlier form of fluoroscopy was with x-ray 
tube with fluorescent screen [19] and later X-ray Image Intensification with 
Television became available in the late 1950s [20]. Mobile C-arm image amplifier 
with television fluoroscopy became available around 1975 [21]. Recently automated 
C-arm positioning by deep learning process has been shown to improve accuracy on 
synthetic images derived during the procedure [22].

Fluoroscopy has now become part and parcel of many spine surgical procedures 
especially spine fixation [23], facet or epidural injection, cage placement and verte-
broplasty. Fluoroscopy aids in radiological visualization of the bony structures and 
instrumentation allowing minimal invasiveness, and thus doing away with direct 
operative visualization / large operative exposure of the tissues. Fluoroscopy-based 
procedures have led to safer procedures, shorter procedural time, reduced blood 

Fig. 4.6 Whole spine 
X-ray for scoliosis 
assessment. Major rotatory 
dextroscoliosis centered in 
the mid-lower thoracic 
spine
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loss, and early recovery of patients (Fig. 4.8). Main drawbacks of fluoroscopy are 
steep learning curve for the beginners and radiation exposure, especially to person-
nel who are involved in long duration procedures or multiple fluoroscopic proce-
dures routinely [24, 25]. With newer technology in fluoroscopy like isocentric 3D 
C-arm or O-arm with computer-based navigation system in one pass, it is possible 
to provide 3D reconstruction of the spine, and the image acquisition could be done 
without the staff being in the operative room, thereby limiting the radiation expo-
sure [26]. These systems have been shown to decrease the overall procedural time 
while reducing the radiation exposure to the staff [26–29].

Transforaminal extradural and interlaminar epidural steroid and /or anesthetic 
injections are used to treat cervical radiculopathy (Fig.  4.9). Similarly, radiofre-
quency ablation (RFA) of medial branch of the spinal dorsal ramus aka Facet joint 
denervation / rhizotomy, and intra-articular facet steroid injection addresses faceto-
genic pain. According to one study, fluoroscopically guided lumbar spine epidural 
injections led to inadvertent intravascular injection in 12%, and it was more com-
mon with transforaminal injections [30]. Similarly cervical fluoroscopy guided 
transforaminal injections was associated with some complications including epi-
dural hematoma [31]. Many studies have provided sufficient evidence to state that 

Fig. 4.7 Whole spine 
X-ray for scoliosis 
assessment. S-shaped 
scoliosis curvature of the 
thoracolumbar spine and 
major levoscoliosis of the 
mid-lower lumbar spine
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CT guided approach to these injections is safer and effective, though more expen-
sive (Fig. 4.10) [32–35].

In cervical transforaminal injection, the needle tip needs to be placed in junc-
tional location between the foraminal zone and extraforaminal zones. For facet joint 
injection, needle trajectory should match the joint line curvature (Figs.  4.9 and 
4.10). For medial branch block or RFA, the needle needs to be placed between the 
superior articular process and transverse process.

a b

Fig. 4.8 C-arm fluoroscopy of intraoperative cervical spine fixation (a) shows pedicular screws 
with tissue retractors in the middle of fixation procedure and (b) shows confirmation of position of 
rods with screws at the end of fixation

a b

Fig. 4.9 CT guided transforaminal epidural cervical spinal injection (a) shows needle tip in epi-
dural space and (b) shows contrast spread in epidural space (arrow)
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Percutaneous cementoplasty or vertebroplasty replaces part of the diseased ver-
tebral body with acrylic cement (polymethylmethacrylate [PMMA]). This prevents 
vertebral body collapse and its untoward consequences like exiting nerve root com-
pression or sometimes impingement of the spinal cord, thereby alleviating pain. 
Percutaneous cementoplasty was first performed by Deramond et  al. in 1984. 
Relevant indications for this procedure are severe painful osteoporosis, painful ver-
tebral body / sacral tumors and acetabular tumors, and symptomatic vertebral angi-
oma (Fig. 4.11). During cementoplasty, PMMA polymerizes releasing energy as 
heat and, also by its cytotoxic nature coagulates the adjacent tumoral cells. Bleeding 
and infection are the main contraindications. Other complications include cement 
leak into spinal canal or adjacent veins, infection, post-procedural pain, adjacent 
segment fractures, and allergic reactions [36].

a b

Fig. 4.10 CT guided cervical facet joint injection. (a) shows needle tip in facet joint and (b) 
shows minimal contrast in joint space

a b c

Fig. 4.11 Cementoplasty of wedge compression (a) wedge compression of T12vertebra with a 
hemangioma that deteriorated over months, (b) shows fluoroscopic cementoplasty using a 
13-gauge Osteo-Site needle via transpedicular approach and (c) shows maintenance of height even 
after 7 years after cementoplasty. Newly formed hemangioma of L5 can also be visualized
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Discography is a method in which contrast is injected into intervertebral disk 
using a fine needle, which can reproduce the patient’s back pain. The assumption is 
that if the disc disease is the cause of back pain, then injection of contrast would 
recreate the pain by stimulating the nerve innervating the annulus fibrosus. CT or 
MRI based discography can also be performed using corresponding contrast for 
injection. Whereas fluoroscopy-based discography shows leak and location of the 
tear, CT and MRI also demonstrate anatomical details of the tears, which might be 
useful for treatment and surgical planning. Discography was first described by 
Swedish radiologist Lindblom in 1940s to assess the primary discogenic source of 
back pain. Main drawbacks for discography are duration involved in the procedure, 
radiation (if Fluoroscopy or CT used), low diagnostic sensitivity as per many stud-
ies, and a complication rate of about 2% for lumbar and 13% for cervical discogra-
phy. Discography has also been advocated prior to surgery (nucleotomy, 
spondylodesis) where clinical and imaging could not accurately identify the level of 
a disc pathology as the causative factor of the back pain and is also used to differen-
tiate scar tissue from recurrent disc prolapse [37–40]. It is however well known that 
back pain is a result of chronic degenerative changes of the intervertebral discs that 
occurs at multiple levels, and discography might not be able to identify the exact 
level for maximal pain. Though MRI identifies many aspects of the disc disease, 
such pathologies might not translate into defining the cause of pain.

 Computed Tomography (CT)

CT is an important modality for the diagnosis of multiple diseases of the spine with 
a predominant current role in trauma. CT detects subtle fractures, canal / foraminal 
stenosis, retropulsed bony fragments within canal / foramina, osteophytes, sublux-
ation, spondylolysis, spondylolisthesis and multiple other bony pathologies in an 
acute setting of trauma. Main advantages of CT lie in capability of 3D reconstruc-
tion in multiple planes with better visualization of bony structures than MRI 
(Figs. 4.3, 4.12, and 4.13). Another important advantage of CT especially in sce-
nario of trauma is faster acquisition and ability to do high resolution angiogram 
concomitantly. Main drawbacks of CT are radiation exposure, and suboptimal eval-
uation of the spinal cord, ligamentous and soft tissue structures. Thus, CT plays a 
key role in spine trauma to achieve early diagnosis and aids in instituting early 
management. CT also complements MRI in subacute setting and provides addi-
tional information e.g. about calcific changes and bony structures, which may be 
crucial for treatment and pre surgical planning. CT with metal artifact reduction 
techniques might be better than MRI in assessing spine for bony structures, implant 
and canal size after spine instrumentation (Fig. 4.12).

CT imaging of the thoracolumbar spine can be concomitantly obtained when 
thorax or abdomen-pelvis imaging is done in trauma patients for possible visceral, 
soft-tissue or vascular injuries. Separate dedicated thoracolumbar imaging is not 
required and bone window reconstruction from abdominothoracic trauma protocol 
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delivers a sensitivity of 98% and specificity of 97% for the detection of spinal frac-
tures [41]. CT findings in posterior column distraction and potentially unstable pos-
terior ligamentous complex injury includes compression fracture with loss of more 
than 40% vertebral body height, more than 25° kyphotic angle, interspinous dis-
tance widening, posterior column fractures with horizontal orientation, facet joint 
diastasis, facet joint subluxation or facet joint dislocation. Abdominal hollow vis-
ceral injury, mesenteric injury and seat belt injury are often associated with chance-
type and transverse process fractures, which may be missed unless evaluated using 
multiplanar reconstructions [42].

To reduce implant related artifacts and achieve better images, several modifica-
tions and techniques are used during CT imaging, including higher peak voltage 
(>120–140 KVp), higher tube current, lower pitch, smooth reconstruction kernels, 
metal artifact reduction reconstruction algorithms and dual-energy data acquisition 
with virtual monoenergetic extrapolation postprocessing. Immediately after spinal 
instrumentation surgery, CT is performed to assess the proper reduction of fracture, 
implant placement and also to rule out significant hematoma (which can compress 
on spinal cord or other important neural structures). Short term or long term follow 
up with CT is done to evaluate the implant itself, its position, osteolysis around and 
changes in adjacent soft tissues including collection / particle disease (adverse local 
tissue reaction) (Fig. 4.12). Though soft tissue can be best evaluated by MRI, initial 
evaluation for infection and other changes in soft tissue can be best done with CT 
with lesser artifacts. Variable position of the implant can lead to varied adverse 

a b

Fig. 4.12 CT myelogram with metal reduction technique. (a) Sagittal reformat and (b) axial 
image shows thecal sac narrowing (arrow) at L3–L4 with anterolisthesis and interbody spacer 
despite spinal decompression. There is no evidence of CSF leak
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outcomes and symptoms based on the position of the implant in relation to the adja-
cent important structures like thecal sac, neural elements and other soft tissues. 
Implant failure can occur due to altered dynamics or repetitive stress leading to 
fractures and / or disengagement of fixation construct [43].

CT myelography even though invasive, has advantages over conventional MR in 
its ability to obtain dynamic images, postoperative imaging for metallic implant 
related complications, evaluate slow cerebrospinal (CSF) leaks, superficial siderosis 
and in cases where MRI is contraindicated. CT myelography best demonstrates the 
pathologies that contact or narrow the spinal thecal sac or cord (Fig. 4.12), or dis-
place the spinal cord, nerve roots and thecal sac. CT myelography is useful in 
assessing compressive cystic lesions like spinal arachnoid cysts, spontaneous cord 
herniation, arachnoid webs, and other intradural cystic lesions. It helps to differenti-
ate such entities and diseases and hence is useful for surgical planning. Filling the 
arachnoid cyst intrathecally with contrast material also helps exclude neuroenteric 
cysts. Spinal cord herniation is another important differential to exclude and an 
absence of CSF ventral or ventrolateral to the cord, lack of CSF loculation dorsal to 

a b

Fig. 4.13 Flexion teardrop injury at C5 – Most often, it is unstable (associated with hemorrhagic 
spinal cord in this patient, arrows)
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the cord, and on postmyelography CT an absence of delayed myelographic CSF 
opacification dorsal to the cord are important findings that suggest cord herniation 
rather than an arachnoid cyst [44]. Spinal canal narrowing from Calcium 
Pyrophosphate Deposition Disease or Ossification of the Posterior Longitudinal 
Ligament and its effect on thecal sac is also better assessed with CT myelogra-
phy [45].

CT myelography has disadvantages of being an invasive procedure with risks 
associated with intrathecal contrast injection, exposure to radiation, and require-
ment of patient mobilization for contrast to diffuse to the point of interest [46]. 
Significant spinal extra-arachnoid fluid collections on preprocedural spinal MR 
imaging can be evaluated with either dynamic CT or digital subtraction myelogra-
phy [47]. Dynamic CT Myelography is better for assessment of Fast Spinal CSF 
Leaks [48].

 Magnetic Resonance Imaging (MRI)

Role of MRI in spinal imaging is to identify and differentiate pathologies due to 
vascular, ischemic, infective, inflammatory, neoplastic, demyelination, degenera-
tive, congenital, traumatic and metabolic causes. MRI provides superior soft tissue 
contrast than other modalities, has multiplanar capability with no radiation expo-
sure, and can specifically demonstrate individual tissue characteristics, such as 
water, blood, fat, infarction, proton diffusion and perfusion using a multitude of 
sequences. MRI clearly provides pathologic information about spinal cord, interver-
tebral disc, ligaments, tendons and paraspinal muscles. It can characterize disc dis-
ease into disc bulge, protrusion, extrusion, sequestration, annular fissure and so on 
(Figs. 4.14, 4.15, and 4.16). Disc dessication is common with aging. In most sub-
jects, lumbar disc levels tend to dessicate beyond the age of 40 years and cervical 
discs beyond 20–25 years. Disc bulge on MRI demonstrates as extension of the disc 
material beyond the margins of the vertebra. Posterior disc bulges are important as 
they can impinge on the thecal sac or the nerve roots. Bulge, by definition, involves 
more than 90 degrees of the posterior one-half of the disc circumference and is 
caused by inner annular fissures. Outer annular fissures result in disc herniations, 
with 45–90° extent, being referred to as a broad-based disc herniation. In general, 
extrusions and sequestrations of discs are more frequently symptomatic than protru-
sions. Disc protrusion is broad based and displays obtuse angles with the parent disc 
on the axial image, doesn’t extend beyond the margins of the disc on the sagittal 
image, maintains dessicated dark T2 disc signal and can demonstrate coexistent 
annular fissure, which themselves may persist for a long time. Extrusions exhibit a 
narrower neck with the parent disc, money bag appearance, extend above and below 
the disc level on sagittal image, are larger, and demonstrate increased T2 signal 
alteration due to the frequent associated peri-discal inflammatory tissue. The latter 
can also show rim enhancement on post-contrast images and is also a significant 
contributor of reduced disc herniation appearance on follow-up MRI with conserva-
tive management and physical therapy. Sequestration involves disruption of disc 
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material from the parent disc and superior or inferior migration. Presence of rim 
enhancement distinguishes it from an extra- or intra-dural tumor (Fig. 4.16). Another 
important role of MRI is to evaluate the edematous changes in the bone from stress 
changes. End-plate changes are classically divided into three Modic types (I) edema, 
(II) fatty metamorphosis, (III) sclerosis, but often, a mixture exists, with edema like 
T2 signal more associated with pain symptoms. Since, spine spondylosis is part and 
parcel of normal aging, MRI is also useful to identify coexisting inflammation, 
infection, or enthesopathy.

MRI has a substantial role in the evaluation of spinal infections. Most common 
causes include- Staph Aureus, Tuberculosis (TB), Brucellosis and so on, each one 
with some recognizable patterns of spine involvement. X-rays usually do not pro-
vide much information about infection till advanced stage of infection when there is 
enough destruction of vertebral bone, disc space loss, and significant soft tissue 
collection/gas formation. CT identification of early infection is suboptimal and 
often indirect through periosteal reaction, bone erosions, gas formation in soft tissue 
or sufficient soft tissue collection to be able to identify rim enhancement on contrast 
study. MRI can identify infection at an early stage by identifying the edema pattern 
or minimal collection in bone/soft tissue structures. Thin rim contrast enhancement 
and associated central diffusion restriction suggests infection over neoplasm. 
Involvement of two adjacent vertebral bodies along with intervening disc and soft 
tissue phlegmon or abscess (Fig. 4.17) often depicts pyogenic etiology. Multiple 
vertebral involvements can often be seen in tuberculosis, brucellosis and fungal 
etiology. Relative sparing of the disc with gibbus formation favors TB.  Mixed 

Fig. 4.14 Sagittal and axial T2W MR images show right paracentral disc protrusion
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intensity, less fluidy collections and associated lung lesions or calcification on 
X-rays favors TB as well. Brucellosis shows involvement of entire vertebral body 
with sclerosis on plain films and periostitis while gibbus is rare. Hypointense fungal 
elements in soft tissues along with lytic and sclerotic changes in vertebral body are 
characteristic of fungal etiology. MRI is useful in finding collections for drainage 
and can guide the site of biopsy. It is also helpful in follow-up of patients for resolu-
tion of infection.

Inflammatory/autoimmune disease of the spine can be distinguished into one 
involving the spinal cord specifically and the other involving the bony spine. 
Diseases involving the spinal cord include multiple sclerosis (MS), acute dissemi-
nated encephalomyelitis (ADEM), transverse myelitis (TM), neuromyelitis optica 
spectrum disorders (NMOS) and so on. Inflammatory disease of the bony spine or 
axial spondyloarthropathy occur specifically secondary to ankylosing spondylitis, 
psoriasis, lupus arthritis, and rheumatoid arthritis. X-ray and CT overall has no sig-
nificant role in the diagnosis of inflammatory or autoimmune disease of the spinal 
cord. In axial spondyloarthropathy, X-ray and CT provide diagnostic and prognostic 

Fig. 4.15 Sagittal and sequential axial T2W MR images show a disc extrusion (arrows) with 
caudal migration (from disc (Orange) to Pedicular (Green) level)
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information only in the later stages of the disease. MRI remains the cornerstone 
(Fig. 4.18) of early diagnosis and management of inflammatory / autoimmune dis-
ease of both the spinal cord and also the bony spine [49, 50].

Multiple short segment peripheral cord involvement is seen in MS. Whereas long 
segment holocord involvement is more typically seen in the setting of ADEM, 
NMOS and transverse myelitis. Using imaging alone, it is difficult to differentiate 
between multiple sclerosis and NMO. Nonspecific imaging features which support 
NMO are optic neuritis, less frequent involvement of brain (confluent large hyper-
intensities in NMOS, when compared to oval lesions in MS), and contiguous long 
segment central cord involvement. According to one meta-analysis [51] for NMOS, 
Aquaporin 4 antibody has sensitivity and specificity based on type of assay of about 
70 and 95, respectively. TM unlike ADEM does not involve brain, whereas ADEM 
can involve spinal cord in one-third of the patients. The inflammatory diseases of 
the spine can be identified with specific enthesopathy patterns (for example, 
Romanus and Andersson lesions in ankylosing spondylitis reflecting anterosupe-
rior/anteroinferior corner erosions and end plate erosions at discovertebral junc-
tions, respectively), location involved (cervical spine involvement in rheumatoid 
arthritis and sacroiliac joint in seronegative arthropathies). Use of multiparametric 

Fig. 4.16 Sequestrated migrated disc material. Extradural peripherally enhancing fragment of 
extruded migrated disc lying at same level as previous foraminal disc extrusion. VIBE- volume 
interpolated breath hold examination
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Fig. 4.18 Spondyloarthropathy spectrum (a) Coronal T1 FS post-contrast image shows bilateral 
anterosuperior and anteroinferior iliac spine enhancement of tendinous attachment (arrows) 
depicting acute enthesitis and (b) Axial without and with fat saturation images shows fatty meta-
morphosis (arrow-heads) and partial ankylosis of bilateral SI joints confirming long-standing 
spondyloarthritis

a b

Fig. 4.17 Discitis-osteomyelitis of L4–L5 along with paravertebral abscesses (arrows) and epi-
dural abscesses (arrow-heads) on T1 FS post-contrast (a) Sagittal image show the full craniocaudal 
extent of vertebral involvement and (b) Axial image shows epidural phlegmonous and abscess 
component (arrowhead) compressing on spinal cord
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and 3D rheumatology lumbosacral MR imaging (MRLI) protocol helps in accurate 
diagnosis of various stages (acute, subacute and chronic) of inflammatory activity in 
bones, entheses, ligaments, tendons and joints [49, 50]. Acute lesions typically 
demonstrate bone marrow edema and chronic lesions show fatty changes/sclerosis. 
Thus, MRI provides information about the stage of disease and disease activity, 
which is not only useful in treatment but is also extremely relevant in prognosis and 
follow-up strategy [52–54].

Tumors of spine may involve the spinal cord (intramedullary, extramedullary and 
extradural) or the bony spine. Primary neoplasms of the bony spine are rare when 
compared to the metastatic lesions, except benign hemangiomas. They occur with a 
incidence of about 5 per 1,00,000 person-years [55]. Most of the primary bony spine 
neoplasms are benign, most common being enostosis and hemangioma. The inci-
dence of spinal cord tumors is less (Less than 1 per 1,00,000 person-years [56]) 
compared to the bony spinal tumors. Most common spinal cord related tumors 
being glioma and ependymoma, and the intra-dural mass lesions include- meningi-
oma and schwannoma/neurofibroma. On radiography, while bony lesions can dem-
onstrate typical missing pedicle of metastasis, punched out lesions of myeloma, 
corduroy appearance of hemangioma, and sclerotic metastases of prostate cancer, 
etc.; for spinal cord tumors, x-ray provides only indirect evidence in some tumors 
due to scalloping and erosion of the bony spine. CT for bony spinal tumor adds 
more information compared to x ray by providing additional details about matrix 
characteristics throughout the tumor including calcification of chondrosarcoma, and 
ossification of osteosarcoma, as well as details of gross dimension of the tumor and 
bony spinal canal narrowing. CT is most helpful for pre-surgical planning before 
spinal decompression and/or fusion as well as for CT guided biopsy. For spinal cord 
tumors, CT provides suboptimal evidence of only thickened spinal cord or calcifica-
tion if present. The modality is inadequate to differentiate tumor from other etiolo-
gies, like infection or inflammation. For bony spinal tumors, MRI is better than CT 
to evaluate the extent of bone marrow involvement (Fig. 4.19) and also provides 
high resolution details about extraosseous soft tissue and neurovascular bundle 
involvement. Though MRI provides extensive details about the matrix, it might not 
provide details about subtle calcification and ossification. Apart from common met-
astatic, lymphoma and myeloma lesions, typical locations of bone tumors include- 
vertebral body (T2 bright lesions- hemangioma (Fig.  4.11), chordoma and 
chondrosarcoma, T2 dark lesion- Giant cell tumor), pedicles (osteoid osteoma 
<1.5  cm size and osteoblastoma >1.5  cm), posterior elements (chondrosarcoma, 
osteochondroma, and aneurysmal bone cyst with fluid-fluid levels). MRI helps 
in localization of tumor into intramedullary (glioma- ill-defined margins, cervico-
thoracic area location; ependymoma- sharp margins, cystic changes and hemor-
rhage, cervical and lumbar locations, and hemangioblastoma- cyst with a vascular 
nodule), intradural-extramedullary (meningioma, peripheral nerve sheath tumor, 
and angiolipoma) and extramedullary (metastasis, myeloma, lymphoma, etc.). MRI 
provides comprehensive details about composition of the tumor, accurate dimen-
sions and extent of the lesion.
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Vascular disorders include vascular malformations, hemorrhage and infarction. 
Plain x rays provide no significant information in the diagnosis of vascular disorders 
of the spine (which are rare and constitute about 1–2% of vascular neurologic 
pathologies) [57]. However digital subtraction angiography (DSA) plays a key role 
in the diagnosis and management of spinal vascular lesions including arteriovenous 
fistula and arteriovenous malformation, which are most common such lesions. CT 
angiogram is useful in the evaluation of hemorrhage and spinal vascular patholo-
gies. CT has no role in spinal cord ischemia (contributing to less than 1% of all 
strokes) [57]. MRI is the imaging modality of choice for spinal vascular malforma-
tion and the angiogram can be obtained using time of flight (2D/3D) and contrast- 
enhanced sequences. MRI also provides details about congestive spinal cord edema 
secondary to the vascular malformation and details the soft tissue component of the 
vascular malformation. Apart from various sequences MRI, susceptibility weighted 
imaging (SWI) is sensitive in identifying spinal cord bleed and diffusion weighted 
imaging (DWI) is sensitive in identifying infarctions [57].

Congenital and developmental spine abnormalities range from craniovertebral 
junction abnormalities to various neural tube anomalies. Congenital bony spine 
abnormalities can manifest as alterations in normal size and shape of vertebra, 

ba

Fig. 4.19 Schwannoma (a) Sagittal CT reformat shows vertebral lytic lesion with large intraspi-
nal component and (b) T1 FS post-contrast axial and sagittal images however shows homogenous 
enhancing nerve sheath tumor centered around right neural foramen with dumbbell like extrafo-
raminal and intraspinal component along with anterior vertebral body scalloping
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which occur mainly due to variation in fusion of ossification centers, and rarely due 
to absence of the ossification center itself. Congenital bony spine abnormalities 
include hemivertebra, butterfly vertebra, block vertebra, spur of diastematomyelia, 
hypoplasia and aplasia.

Spinal dysraphism is a large set of congenital anomalies secondary to defective 
neural arch with herniation of meninges or neural elements and associated clinical 
manifestations. Herniation of neural elements to skin surface can be open (spina 
bifida aperta) or can be covered by skin, closed (spina bifida occulta) dysraphism. 
Closed Spinal Dysraphism may go undetected throughout life, as most are asymp-
tomatic. Complex bony spine abnormalities are often associated with spinal cord 
anomalies [58] and are more common (10 per 10,000 live births) than spinal dysra-
phisms (3.2–4.6 per 10,000 births) [59]. Ultrasound when performed prenatally, 
may detect many open neural tube defects as early as 11 weeks and segmentation 
anomalies of vertebra around 16 weeks. Postnatally, ultrasound is useful in infants, 
but less so in later ages. Plain x rays can identify congenital bony spine anomalies. 
CT can identify more subtle bony spine anomalies along with providing some infor-
mation about soft tissue (especially lipomatous) component of the neural elements. 
Congenital lumbar canal stenosis (CLSS) and transitional vertebrae (Fig. 4.20) can 
be identified on CT and MRI [60]. MRI is the imaging modality of choice for spinal 
dysraphism as it can provide most of the details including the composition of the 
open neural tube defect and it also helps in identification of subtle entities like neu-
roenteric cysts, meningeal cysts, syringohydromyelia and so on. MRI is essential in 
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a b c

Fig. 4.20 Transverse process of lumbarised S1 (transitional vertebra) fused bilaterally with the 
sacral transverse process below - Castellvi type IIIb seen on (a) CT Coronal reformat, (b) Volume 
rendered image and (c) CT Sagittal reformat. (Castellvi types I, II and III depends on transverse 
processes being large-dysplastic, showing pseudo-articulation with sacrum and complete osseous 
fusion with sacrum, respectively. Subtypes are further classified unilateral (I/II/III a) or bilateral (I/
II/III b). Whereas type IV (with no subtype) is combination of unilateral type II and contralateral 
type III)
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preoperative planning of open neutral tube defects. Fetal MRI is able to identify 
many of the spinal dysraphisms in utero, differentiate between open and closed 
spinal dysraphism [61] and also identify fusion anomalies of the spine.

MRI is also the modality of choice for failed back surgery syndrome and other 
miscellaneous causes of cord abnormalities, such as subacute combined degenera-
tion. Other advances of MR imaging include- MR myelography (Fig.  4.21) and 
upright MRI. MR myelogram can be performed using heavily T2 weighting or fol-
lowing injection of intrathecal Gadolinium. MR myelogram has uses like CT myelo-
gram and carries other advantages, such as better depiction of neural structures and 
no radiation. MRI myelography has been shown of value in conditions like tethered 
cord, adhesive arachnoiditis, disc herniation, spinal arteriovenous malformation, 
post-traumatic pseudomeningoceles and so on. With improvements in conventional 
MRI resolution, a common use of myelogram has been to non- invasively detect CSF 
leak. Off label use of intrathecal gadolinium is also shown to have high rate of detec-
tion of CSF leaks compared to CT [47]. The concerns of encephalopathy or seizures 
after MR myelogram are rare with newer contrast agents [62].

Apart from supine MRI, various other position-based MRI techniques are being 
evaluated, e.g. (1) Positional MRI (pMRI)-Imaging in varying weight-bearing 

Fig. 4.21 MR myelogram 
using Coronal heavily 
T2W steady state sequence 
shows preganglionic 
avulsion of the left C7–T1 
nerve roots with associated 
pseudomeningoceles 
(arrow)
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positions (e.g. standing, seated or in the positions that worsen symptoms), (2) 
Kinetic MRI-Static imaging of kinetic maneuvers (e.g., flexion, extension, rotation, 
lateral bending), and (3) Dynamic MRI with images acquired while the spine is in 
real- time motion. Serial images played as cine loops nicely show the dynamic 
movements of the spinal column and pathologic alterations [63, 64]. MRI with neck 
flexion and extension can reveal dynamic stenosis or Hirayama disease (flexion 
myelopathy). Upright MRI is believed to replicate the expected effects of body 
weight and posture has on the spinal curvature and important spinal structures like 
neural foramina and spinal canal. Recent studies claim that upright MRI can portray 
occult stenosis, disc protrusion, or instability, which otherwise would have not been 
clearly assessed in supine MRI. Study by Ferreiro Perez et al. [65] showed posterior 
disc herniation was underestimated on supine MRI when compared to upright 
MRI.  Similar results of the disc pathology at lumbar spine (L5–S1 followed by 
L4–L5 and L3–L4) were seen well on upright MRI, as was shown by Gilbert et al. 
[66]. Meakin et al. [67] showed an increase in curvature under load during upright 
MRI, when compared against supine MRI. Tarantino et al. [68] showed that dynamic 
MRI with an open-configuration using low-field tilting MRI system, permits visual-
ization of occult spine and disc pathologies in patients with acute or chronic low 
back pain who had MRI in the recumbent position or in patients with pain only in 
the upright position. However, other studies show that no significant difference in 
various spinal parameters in upright MRI when compared to supine MRI, and thus, 
the modality has not gained widespread acceptance.

 Special MRI Sequences and Applications in Spine Imaging

Diffusion-weighted imaging (DWI) and Diffusion-tensor imaging (DTI) help assess 
the isotropic and anisotropic diffusion of water molecules respectively, thereby 
interrogating proton diffusion at a cellular level. DWI renders early visualization 
and diagnosis of spinal cord and brain infarcts, and identification of small spinal 
tumors with utmost confidence. Advances in DWI have led to its use in benign and 
malignant bony spinal lesions, spinal cord lesions, pre and post treatment in infec-
tions or malignant lesions. Recently in 2018 Park et al. [69] showed that differentia-
tion of multiple myeloma and metastases is possible with axial diffusion-weighted 
MR imaging (Fig. 4.22). Daghighi et al. [70] showed that with DWI, it is possible 

a b c

Fig. 4.22 Multiple myeloma (a) shows T1 FS post-contrast axial image are seen as discrete 
enhancing lesions of the sacrum and right ilium, (b) shows bright lesions on DWI and (c) shows 
lesions with restricted diffusion (ADC of 0.6 × 10−3 mm2/s)
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to differentiate acute infectious spondylitis from degenerative Modic type 1 change. 
Significant diffusion restriction is seen with highly cellular, higher grade, and round 
cell tumors. Pus also restricts as compared to simple fluid collection. Myxoid and 
chondroid lesions however do not significantly restrict. With evolution of DTI, spi-
nal cord tracts can be evaluated that could provide a road map for conservative 
surgery to preserve critical (usually motor) neural tracts. DWI of the spine corre-
lates well with the presence or absence of spinal infection and may complement 
conventional magnetic resonance imaging (MRI) with median ADC value being 
740  ×  10−6  mm2/s for patients with positive microbiological sampling and 
1980 × 10−6 mm2/s for patients with negative microbiological sampling (p < 0.001) 
[71]. DWI and DTI usefulness has also been shown in immune-mediated encepha-
litis, neuritis and neurodegenerative disorders [72]. Finally, DWI has been shown to 
be useful in detection and quantification (useful for follow-up) of subtle inflamma-
tory changes in Spondyloarthropathy not seen on other MR conventional images 
(Fig. 4.23) [52–54, 73].

MR Neurography (MRN) is an imaging dedicated to diagnosing peripheral neu-
ropathy and is being rapidly used for characterizing neuromuscular diseases. With 
advances in fat suppression, fast MRI techniques, 3 T MR scanners and 3D imag-
ing; rapid acquisition of images without temporal degradation in image quality is 
possible with good isotropic resolution in the range of 0.9–1.5 mm. 3D anatomic 
nerve-selective MR Neurography results in effective vascular signal suppression 
and differentiates the nerves from vascular structures within a neurovascular bun-
dle. Fat suppressed 3D DW PSIF (reversed fast imaging in steady state free preces-
sion) is one of excellent nerve-selective MRN techniques [74]. Role of MRN has 
been established in peripheral neuropathy, nerve injury, nerve sheath tumor, nerve 
entrapment or impingement. MRN also has been used to exclude neuropathy in 
pathologies mimicking neuropathy and to provide imaging guidance for perineural 
medication injections [75]. MRN has a significant role in anatomically complex 
brachial [76] and lumbosacral plexus pathologies [77]. MRN has been applied in 
diagnosis, treatment and follow-up of nerve related pathologies due to various eti-
ologies (Fig. 4.24). Recently, the technology has been used in diagnosis of greater 
occipital nerve neuropathy in patients with unilateral occipital migraines with a 

a b c

Fig. 4.23 Bilateral (Left > right) ischial tuberosity enthesitis (a) shows STIR axial image with 
subtle edema visible only on left, (b) shows bright signal bilaterally on DWI and (c) shows altered 
diffusion bilaterally
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good correlation of imaging findings to the clinical presentation [78]. One study on 
MRN of Lumbosacral Plexus in Failed Back Surgery Syndrome (FBSS) has found 
neuroforaminal stenosis, iatrogenic nerve injuries, and neuropathy in substantial 
number of patients who had non-contributory conventional spine MRI so that spe-
cific treatment approaches could address the issue of FBSS [79]. DTI employed as 
part of MRN also reveals neuropathy with reduced fractional anisotropy and 
increased apparent diffusion coefficient of the affected nerves.

CSF flow imaging of the spine using phase-contrast MRI sequence obtains signal 
contrast between flowing and stationary nuclei by using opposite gradient sensitiza-
tion at two different time points. The sequence yields signal from the moving nuclei 
and nulls signal from the stationary nuclei. Using magnitude and phase images, 
quantitative and directionality assessments can be done. To distinguish motion, this 
sequence applies anticipated velocity encoding (VENC) which is the expected max-
imum CSF flow, generally 5–8 cm per second. Lower VENC like 2–4 cm per second 
is useful to differentiate communicating versus non-communicating arachnoid cysts 
and is also useful to evaluate VP shunts for possible obstruction. Higher VENC of 
20–25 cm per second depicts high velocity CSF flow, as seen within cerebral aque-
duct in normal pressure hydrocephalus [66]. As CSF flow is pulsatile and synchro-
nous with the cardiac cycle, either prospective or retrospective cardiac gating yields 
the best imaging and assessment [67]. Craniovertebral junction pathologies both 
congenital and acquired alter CSF flow, which is the main cause for the develop-
ment of hydrocephalus and symptoms. Improved CSF velocity in such cases after 
surgery are associated with favorable response. If CSF flow is seen within syringo-
myelic cysts, it provides a clue to the possibility of further enlargement and helps to 
distinguish it from myelomalacia, which is a close differential on conventional 
imaging [68, 69].

a b

Fig. 4.24 Coronal MIP images of 3D STIR in different patients (a) shows bilaterally symmetrical 
normal femoral nerves, (b) shows abnormal thickening of left L5 nerve with obscuration of the left 
dorsal nerve root ganglion in this case of left L5 radiculopathy (arrow)
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Chemical shift imaging (CSI) makes use of the differences in precession fre-
quencies of lipid and water protons within the same imaging voxel acquired using 
different echo times. CSI leads to output where lipid and water signals are additive 
(in-phase) or subtracted (opposed-phase). This helps to assess vertebral bone mar-
row fat content in benign processes (osteoporosis, hemangiomas, degenerative end-
plate changes, etc.) versus malignant infiltrative processes (e.g. leukemia, lymphoma 
and metastasis), thereby potentially avoiding biopsy in a significant percentage of 
patients. Signal drop-out of 20% as a cut-off can be used to differentiate benign 
lesions from malignant lesions (Fig. 4.25) [80–83]. CSI can also be used to differ-
entiate vertebral compression fractures of benign from malignant etiologies [84].

a b

c

Fig. 4.25 Focal lesion in Midline of sacrum (a) Shows In-phase image with altered signal, (b) 
Shows Out-of-phase image with loss of signal of more than 20% in corresponding area. and (c) 
Shows bone scan without corresponding uptake. This lesion was unchanged over years and was 
classified as focal red marrow conversion
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MR perfusion-weighted imaging (PWI) assesses the amount of blood flow into 
tissues and thus, also assesses biologic behavior of neoplasms, identifies ischemic/
infarcted regions and aids in characterization of other lesions/diseases. Perfusion 
MRI techniques can be done with or without using an exogenous contrast agent. 
Dynamic susceptibility contrast (DSC) assesses signal loss in T2 or T2* by the pas-
sage of the bolus of contrast agent through the tissue. Dynamic contrast enhanced 
(DCE) assesses increase in signal on T1 before and after passage of the bolus of 
contrast agent in the tissue. Without using contrast, arterial spin-labeling (ASL) 
assesses magnetically labeled blood on T1 to estimate perfusion. ASL can be used 
as pulsed or continuous. ASL is used to assess cerebral blood flow (CBF) and takes 
about 5–8 min to acquire. ASL has also been used experimentally in patients with 
discogenic pain and to evaluate vascularity of spinal tumors. PWI has thus been 
used to assess spinal neoplasm - primary malignant, metastatic lesions, and benign 
lesions like hemangioblastoma to evaluate tumor biology and vascularity. PWI also 
been used to predict outcomes of spinal lesions with encouraging results [85]. Using 
perfusion studies, ischemia and hypoxia has been studied in the pathogenesis of 
myelopathy and to suggest early intervention to prevent full blown myelopathy and 
future disability [86].

 Future Directions

Extensive research is happening at a faster pace in various parts of the world, bring-
ing newer technologies and uses in spinal imaging for a variety of pathologies. To 
mention a few, Paraspinal Muscle and extremity muscle segmentation on CT or 
MRI using automated computer software with Atlas-based tools. Apart from muscle 
bulk measurement, it also provides information about the amount of fatty infiltra-
tion. Manual annotation of the muscles is time-consuming and laborious. Automated 
pseudo-coloring technique or histogram analysis would likely lead to easy and 
accurate assessment of the different muscles and its pathologies [87]. The surrogate 
quantitative imaging markers can serve as treatment response and prognostic 
indicators.

Artificial intelligence has been tried in spine fracture detection on plain radio-
graphs. With everyday improving robust and powerful computational power, the 
deep neural networks will become more advanced and there will be an extraordi-
nary change, the way imaging is being interpreted and used. Mundane and repeated 
tasks can be accomplished by machine and the imaging interpretations of specific 
tasks, e.g. spine fracture or detection of compression fracture, will likely be done in 
an equivalent manner to expert radiologists. This will especially help medical care 
in remote locations, aiding in timely management of trauma and other patients [88, 
89]. Artificial intelligence has also been shown to predict fractures in predisposed 
patients [90].

Role of Magnetization Transfer MRI, Diffusion Tensor Imaging, Diffusion non- 
Tensor Imaging (q-space), Myelin Water Imaging, fMRI and Perfusion in detailed 
evaluation of spinal cord in trauma are also being investigated [91]. Functional MRI 
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has been tried in spinal cord similar to what has been already established in brain 
imaging [92]. Diffusion tensor imaging (DTI) has been employed to assess micro-
structure of muscle tissue in its physiological and pathological stages. Thus, track 
subtle changes of muscle tissue composition especially in important muscles like 
back muscles. These strategies are being aimed at early interventions that can pre-
vent occurrence or help better treat related pathologies affecting these muscles [93]. 
Dixon based fatty changes in muscles are shown equivalent to MR spectroscopy, a 
metabolic imaging quantitative technique [94].

Multiple studies have shown the application of Hybrid SPECT with CT fusion to 
identify potential sites for treatment in patients with axial neck and back pain. 
Presurgical assessment for hypermetabolic foci on spinal SPECT imaging correlat-
ing with back pain sites and similar post-operative assessment have been show to 
produce better outcomes in early investigations [95].

ASL can be used to assess marrow perfusion and hence biological changes 
within the bones. It might have role in finding bone loss, fatty conversion, directing 
interventions, and evaluate therapy response and prognosis based on perfusion 
changes [96].

To conclude, radiologic imaging of spine has come a long way with many 
advanced techniques being currently in use and many on horizon. Gaining under-
standing of optimal indications of different imaging modalities is essential for a 
reader to prudently apply these technologies in their practice for the benefit of 
patients.

Disclosures AC serves as a consultant for ICON Medical and Treace Medical Concepts Inc. AC 
receives royalties from Jaypee and Wolters.

Conflicts of Interest None.

References

 1. Gillis L. Cineradiography in orthopaedic surgery. Br Med J. 1947;2(4516):140.
 2. Hoeffner EG, Mukherji SK, Srinivasan A, Quint DJ. Neuroradiology back to the future: spine 

imaging. AJNR Am J Neuroradiol. 2012;33(6):999–1006.
 3. Nouh MR. Imaging of the spine: where do we stand? World J Radiol. 2019;11(4):55–61.
 4. Davis MA. Where the united states spends its spine dollars: Expenditures on different ambula-

tory services for the management of back and neck conditions. Spine. 2012;37(19):1693–701.
 5. Libson E, Bloom RA, Dinari G, Robin GC. Oblique lumbar spine radiographs: importance in 

young patients. Radiology. 1984;151(1):89–90.
 6. West OC, Anbari MM, Pilgram TK, Wilson AJ.  Acute cervical spine trauma: diagnos-

tic performance of single-view versus three-view radiographic screening. Radiology. 
1997;204(3):819–23.

 7. Jumah F, Alkhdour S, Mansour S, He P, Hroub A, Adeeb N, et al. Os odontoideum: a compre-
hensive clinical and surgical review. Cureus. 2017;9(8):e1551.

 8. Electricwala AJ, Harsule A, Chavan V, Electricwala JT. Complete atlantooccipital assimilation 
with basilar invagination and atlantoaxial subluxation treated non-surgically: a case report. 
Cureus. 2017;9(6):e1327.

G. Boraiah and A. Chhabra



103

 9. Donnally III CJ, Munakomi S, Varacallo M.  Basilar invagination. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2020 [cited 2020 Aug 9]. Available from: http://
www.ncbi.nlm.nih.gov/books/NBK448153/.

 10. Smoker WR. Craniovertebral junction: normal anatomy, craniometry, and congenital anoma-
lies. Radiographics. 1994;14(2):255–77.

 11. Denis F. The three column spine and its significance in the classification of acute thoracolum-
bar spinal injuries. Spine. 1983;8(8):817–31.

 12. Haher TR, Tozzi JM, Lospinuso MF, Devlin V, O’Brien M, Tenant R, et  al. The contribu-
tion of the three columns of the spine to spinal stability: a biomechanical model. Paraplegia. 
1989;27(6):432–9.

 13. Kim H, Kim HS, Moon ES, Yoon C-S, Chung T-S, Song H-T, et al. Scoliosis imaging: what 
radiologists should know. Radiographics. 2010;30(7):1823–42.

 14. Hasegawa K, Okamoto M, Hatsushikano S, Caseiro G, Watanabe K.  Difference in whole 
spinal alignment between supine and standing positions in patients with adult spinal defor-
mity using a new comparison method with slot-scanning three-dimensional X-ray imager and 
computed tomography through digital reconstructed radiography. BMC Musculoskelet Disord 
[Internet]. 2018 Dec 6 [cited 2020 May 26];19. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC6284293/.

 15. Ahmadi A, Maroufi N, Behtash H, Zekavat H, Parnianpour M. Kinematic analysis of dynamic 
lumbar motion in patients with lumbar segmental instability using digital videofluoroscopy. 
Eur Spine J. 2009;18(11):1677–85.

 16. Harris TJ, Blackmore CC, Mirza SK, Jurkovich GJ. Clearing the cervical spine in obtunded 
patients. Spine. 2008;33(14):1547–53.

 17. Como JJ, Diaz JJ, Dunham CM, Chiu WC, Duane TM, Capella JM, et al. Practice manage-
ment guidelines for identification of cervical spine injuries following trauma: update from the 
eastern association for the surgery of trauma practice management guidelines committee. J 
Trauma. 2009;67(3):651–9.

 18. Padayachee L, Cooper DJ, Irons S, Ackland HM, Thomson K, Rosenfeld J, et al. Cervical 
spine clearance in unconscious traumatic brain injury patients: dynamic flexion-extension 
fluoroscopy versus computed tomography with three-dimensional reconstruction. J Trauma. 
2006;60(2):341–5.

 19. Schueler BA. The AAPM/RSNA physics tutorial for residents: general overview of fluoro-
scopic imaging. Radiographics. 2000;20(4):1115–26.

 20. Koslowski L, Weller S. The application of x-ray image intensification to orthopaedic surgery. 
Ger Med Mon. 1966;11(2):61–2.

 21. Berci G, Zheutlin N. Improving radiology in surgery. Med Instrum. 1976;10(2):110–4.
 22. Kausch L, Thomas S, Kunze H, Privalov M, Vetter S, Franke J, et al. Toward automatic C-arm 

positioning for standard projections in orthopedic surgery. Int J Comput Assist Radiol Surg. 
2020;15(7):1095–105.

 23. Magerl FP. Stabilization of the lower thoracic and lumbar spine with external skeletal fixation. 
Clin Orthop. 1984;189:125–41.

 24. Herscovici D, Sanders RW. The effects, risks, and guidelines for radiation use in orthopaedic 
surgery. Clin Orthop. 2000;375:126–32.

 25. Salvia JCL, de Moraes PR, Ammar TY, Schwartsmann CR. Fluoroscopy duration in orthope-
dic surgery. Rev Bras Ortop. 2011;46(2):136–8.

 26. Narain AS, Hijji FY, Yom KH, Kudaravalli KT, Haws BE, Singh K. Radiation exposure and 
reduction in the operating room: perspectives and future directions in spine surgery. World J 
Orthop. 2017;8(7):524–30.

 27. Hott JS, Papadopoulos SM, Theodore N, Dickman CA, Sonntag VKH.  Intraoperative 
Iso-C C-arm navigation in cervical spinal surgery: review of the first 52 cases. Spine. 
2004;29(24):2856–60.

 28. Kim CW, Lee Y-P, Taylor W, Oygar A, Kim WK. Use of navigation-assisted fluoroscopy to 
decrease radiation exposure during minimally invasive spine surgery. Spine J. 2008;8(4):584–90.

4 Conventional and Advanced Imaging Evaluation of Spine

http://www.ncbi.nlm.nih.gov/books/NBK448153/
http://www.ncbi.nlm.nih.gov/books/NBK448153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6284293/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6284293/


104

 29. Smith HE, Welsch MD, Sasso RC, Vaccaro AR. Comparison of radiation exposure in lumbar 
pedicle screw placement with fluoroscopy vs computer-assisted image guidance with intraop-
erative three-dimensional imaging. J Spinal Cord Med. 2008;31(5):532–7.

 30. Husseini JS, Simeone FJ, Staffa SJ, Palmer WE, Chang CY. Fluoroscopically guided lumbar 
spine interlaminar and transforaminal epidural injections: inadvertent intravascular injection. 
Acta Radiol. 2020;61(11):1534–40.

 31. Engel A, King W, MacVicar J, Standards Division of the International Spine Intervention 
Society. The effectiveness and risks of fluoroscopically guided cervical transforaminal injec-
tions of steroids: a systematic review with comprehensive analysis of the published data. Pain 
Med. 2014;15(3):386–402.

 32. Cyteval C, Thomas E, Decoux E, Sarrabere M-P, Cottin A, Blotman F, et al. Cervical radicu-
lopathy: open study on percutaneous periradicular foraminal steroid infiltration performed 
under CT control in 30 patients. AJNR Am J Neuroradiol. 2004;25(3):441–5.

 33. Depriester C, Setbon S, Larde A, Malaquin E, Vanden Abeele B, Bocquet J. CT-guided trans-
foraminal cervical and lumbar epidural injections. Diagn Interv Imaging. 2012;93(9):704–10.

 34. Wald JT, Maus TP, Geske JR, Carter RE, Diehn FE, Kaufmann TJ, et al. Safety and efficacy 
of CT-guided transforaminal cervical epidural steroid injections using a posterior approach. 
AJNR Am J Neuroradiol. 2012;33(3):415–9.

 35. Gossner J. Safety of CT-guided lumbar nerve root infiltrations. Analysis of a two-year period. 
Interv Neuroradiol. 2014;20(5):533–7.

 36. Gangi A, Guth S, Imbert JP, Marin H, Dietemann J-L. Percutaneous vertebroplasty: indica-
tions, technique, and results. Radiographics. 2003;23(2):e10.

 37. Bernard TN. Lumbar discography followed by computed tomography. Refining the diagnosis 
of low-back pain. Spine. 1990;15(7):690–707.

 38. McCutcheon ME, Thompson WC. CT scanning of lumbar discography. A useful diagnostic 
adjunct. Spine. 1986;11(3):257–9.

 39. Kluner C, Kivelitz D, Rogalla P, Putzier M, Hamm B, Enzweiler C. Percutaneous discography: 
comparison of low-dose CT, fluoroscopy and MRI in the diagnosis of lumbar disc disruption. 
Eur Spine J. 2006;15(5):620–6.

 40. Walker J, El Abd O, Isaac Z, Muzin S. Discography in practice: a clinical and historical review. 
Curr Rev Musculoskelet Med. 2008;1(2):69–83.

 41. Roos JE, Hilfiker P, Platz A, Desbiolles L, Boehm T, Marincek B, et al. MDCT in emergency 
radiology: is a standardized chest or abdominal protocol sufficient for evaluation of thoracic 
and lumbar spine trauma? AJR Am J Roentgenol. 2004;183(4):959–68.

 42. Raniga SB, Skalski MR, Kirwadi A, Menon VK, Al-Azri FH, Butt S. Thoracolumbar spine 
injury at CT: trauma/emergency radiology. Radiographics. 2016;36(7):2234–5.

 43. Ghodasara N, Yi PH, Clark K, Fishman EK, Farshad M, Fritz J. Postoperative spinal CT: what 
the radiologist needs to know. Radiographics. 2019;39(6):1840–61.

 44. Ospina Moreno C, Vela Marín AC, Castán Senar A, Montejo Gañán I, Cózar Bartos M, Marín 
Cárdenas MA.  Radiological diagnosis of spinal arachnoid cysts: a pictorial essay. J Med 
Imaging Radiat Oncol. 2016;60(5):632–8.

 45. Patel DM, Weinberg BD, Hoch MJ. CT myelography: clinical indications and imaging find-
ings. Radiographics. 2020;40(2):470–84.

 46. Song K-J, Choi B-W, Kim G-H, Kim J-R. Clinical usefulness of CT-myelogram comparing 
with the MRI in degenerative cervical spinal disorders: is CTM still useful for primary diag-
nostic tool? J Spinal Disord Tech. 2009;22(5):353–7.

 47. Chazen JL, Talbott JF, Lantos JE, Dillon WP. MR myelography for identification of spinal CSF 
leak in spontaneous intracranial hypotension. AJNR Am J Neuroradiol. 2014;35(10):2007–12.

 48. Luetmer PH, Schwartz KM, Eckel LJ, Hunt CH, Carter RE, Diehn FE. When should I do 
dynamic CT myelography? Predicting fast spinal CSF leaks in patients with spontaneous intra-
cranial hypotension. AJNR Am J Neuroradiol. 2012;33(4):690–4.

 49. Taurog JD, Chhabra A, Colbert RA.  Ankylosing spondylitis and axial spondyloarthritis. N 
Engl J Med. 2016;374(26):2563–74.

G. Boraiah and A. Chhabra



105

 50. Alian A, Omar H, Chhabra A. Cross-sectional imaging for inflammatory arthropathy of the 
pelvis. Semin Ultrasound CT MR. 2017;38(3):279–90.

 51. Ruiz-Gaviria R, Baracaldo I, Castañeda C, Ruiz-Patiño A, Acosta-Hernandez A, Rosselli 
D. Specificity and sensitivity of aquaporin 4 antibody detection tests in patients with neuromy-
elitis optica: a meta-analysis. Mult Scler Relat Disord. 2015;4(4):345–9.

 52. Chhabra A, Ezzati F, Taurog JD, Xi Y, Pezeshk P. Three tesla and 3D multiparametric com-
bined imaging evaluation of axial spondyloarthritis and pelvic enthesopathy. Eur J Radiol. 
2020;126:108916.

 53. Sanal HT, Yilmaz S, Kalyoncu U, Cinar M, Simsek I, Erdem H, et al. Value of DWI in visual 
assessment of activity of sacroiliitis in longstanding ankylosing spondylitis patients. Skelet 
Radiol. 2013;42(2):289–93.

 54. Zhao Y, Li S, Liu Z, Chen X, Zhao X, Hu S, et al. Detection of active sacroiliitis with ankylos-
ing spondylitis through intravoxel incoherent motion diffusion-weighted MR imaging. Eur 
Radiol. 2015;25(9):2754–63.

 55. Dreghorn CR, Newman RJ, Hardy GJ, Dickson RA. Primary tumors of the axial skeleton. 
Experience of the Leeds Regional Bone Tumor Registry. Spine. 1990;15(2):137–40.

 56. Schellinger KA, Propp JM, Villano JL, McCarthy BJ. Descriptive epidemiology of primary 
spinal cord tumors. J Neuro-Oncol. 2008;87(2):173–9.

 57. Krings T, Lasjaunias PL, Hans FJ, Mull M, Nijenhuis RJ, Alvarez H, et al. Imaging in spinal 
vascular disease. Neuroimaging Clin N Am. 2007;17(1):57–72.

 58. Trenga AP, Singla A, Feger MA, Abel MF. Patterns of congenital bony spinal deformity and 
associated neural anomalies on X-ray and magnetic resonance imaging. J Child Orthop. 
2016;10(4):343–52.

 59. Alexander PG, Tuan RS. Role of environmental factors in axial skeletal dysmorphogenesis. 
Birth Defects Res C Embryo Today. 2010;90(2):118–32.

 60. Soldatos T, Chalian M, Thawait S, Belzberg AJ, Eng J, Carrino JA, et al. Spectrum of mag-
netic resonance imaging findings in congenital lumbar spinal stenosis. World J Clin Cases. 
2014;2(12):883–7.

 61. Nagaraj UD, Bierbrauer KS, Peiro JL, Kline-Fath BM.  Differentiating closed versus open 
spinal dysraphisms on fetal MRI. AJR Am J Roentgenol. 2016;207(6):1316–23.

 62. Nacar Dogan S, Kizilkilic O, Kocak B, Isler C, Islak C, Kocer N.  Intrathecal gadolinium- 
enhanced MR cisternography in patients with otorhinorrhea: 10-year experience of a tertiary 
referral center. Neuroradiology. 2018;60(5):471–7.

 63. Hansen BB. Introducing standing weight-bearing MRI in the diagnostics of low back pain and 
degenerative spinal disorders. Dan Med J. 2017;64(10):B5416.

 64. Hansen BB, Nordberg CL, Hansen P, Bliddal H, Griffith JF, Fournier G, et al. Weight-bearing 
MRI of the lumbar spine: spinal stenosis and spondylolisthesis. Semin Musculoskelet Radiol. 
2019;23(6):621–33.

 65. Ferreiro Perez A, Garcia Isidro M, Ayerbe E, Castedo J, Jinkins JR. Evaluation of interverte-
bral disc herniation and hypermobile intersegmental instability in symptomatic adult patients 
undergoing recumbent and upright MRI of the cervical or lumbosacral spines. Eur J Radiol. 
2007;62(3):444–8.

 66. Gilbert JW, Martin JC, Wheeler GR, Storey BB, Mick GE, Richardson GB, et al. Lumbar disk 
protrusion rates of symptomatic patients using magnetic resonance imaging. J Manip Physiol 
Ther. 2010;33(8):626–9.

 67. Meakin JR, Smith FW, Gilbert FJ, Aspden RM. The effect of axial load on the sagittal plane 
curvature of the upright human spine in vivo. J Biomech. 2008;41(13):2850–4.

 68. Tarantino U, Fanucci E, Iundusi R, Celi M, Altobelli S, Gasbarra E, et al. Lumbar spine MRI 
in upright position for diagnosing acute and chronic low back pain: statistical analysis of mor-
phological changes. J Orthop Traumatol. 2013;14(1):15–22.

 69. Park GE, Jee W-H, Lee S-Y, Sung J-K, Jung J-Y, Grimm R, et al. Differentiation of multiple 
myeloma and metastases: use of axial diffusion-weighted MR imaging in addition to standard 
MR imaging at 3T. PLoS One. 2018;13(12):e0208860.

4 Conventional and Advanced Imaging Evaluation of Spine



106

 70. Daghighi MH, Poureisa M, Safarpour M, Behzadmehr R, Fouladi DF, Meshkini A, et  al. 
Diffusion-weighted magnetic resonance imaging in differentiating acute infectious spondylitis 
from degenerative Modic type 1 change; the role of b-value, apparent diffusion coefficient, 
claw sign and amorphous increased signal. Br J Radiol. 2016;89(1066):20150152.

 71. Dumont RA, Keen NN, Bloomer CW, Schwartz BS, Talbott J, Clark AJ, et al. Clinical utility 
of diffusion-weighted imaging in spinal infections. Clin Neuroradiol. 2019;29(3):515–22.

 72. Drake-Pérez M, Boto J, Fitsiori A, Lovblad K, Vargas MI. Clinical applications of diffusion 
weighted imaging in neuroradiology. Insights Imaging. 2018;9(4):535–47.

 73. Bozgeyik Z, Ozgocmen S, Kocakoc E. Role of diffusion-weighted MRI in the detection of 
early active sacroiliitis. AJR Am J Roentgenol. 2008;191(4):980–6.

 74. Chhabra A, Zhao L, Carrino JA, Trueblood E, Koceski S, Shteriev F, et al. MR neurography: 
advances. Radiol Res Pract. 2013;2013:809568.

 75. Chhabra A, Andreisek G, Soldatos T, Wang KC, Flammang AJ, Belzberg AJ, et al. MR neurog-
raphy: past, present, and future. AJR Am J Roentgenol. 2011;197(3):583–91.

 76. Chhabra A, Thawait GK, Soldatos T, Thakkar RS, Del Grande F, Chalian M, et  al. High- 
resolution 3T MR neurography of the brachial plexus and its branches, with emphasis on 3D 
imaging. AJNR Am J Neuroradiol. 2013;34(3):486–97.

 77. Soldatos T, Andreisek G, Thawait GK, Guggenberger R, Williams EH, Carrino JA, et al. High- 
resolution 3-T MR neurography of the lumbosacral plexus. Radiographics. 2013;33(4):967–87.

 78. Hwang L, Dessouky R, Xi Y, Amirlak B, Chhabra A. MR neurography of greater occipital 
nerve neuropathy: initial experience in patients with migraine. AJNR Am J Neuroradiol. 
2017;38(11):2203–9.

 79. Dessouky R, Khaleel M, Khalifa DN, Tantawy HI, Chhabra A. Magnetic resonance neurogra-
phy of the lumbosacral plexus in failed back surgery syndrome. Spine. 2018;43(12):839–47.

 80. Zampa V, Cosottini M, Michelassi C, Ortori S, Bruschini L, Bartolozzi C. Value of opposed- 
phase gradient-echo technique in distinguishing between benign and malignant vertebral 
lesions. Eur Radiol. 2002;12(7):1811–8.

 81. Douis H, Davies AM, Jeys L, Sian P. Chemical shift MRI can aid in the diagnosis of indeter-
minate skeletal lesions of the spine. Eur Radiol. 2016;26(4):932–40.

 82. Suh CH, Yun SJ, Jin W, Park SY, Ryu C-W, Lee SH. Diagnostic performance of in-phase and 
opposed-phase chemical-shift imaging for differentiating benign and malignant vertebral mar-
row lesions: a meta-analysis. AJR Am J Roentgenol. 2018;211(4):W188–97.

 83. Pezeshk P, Alian A, Chhabra A. Role of chemical shift and Dixon based techniques in muscu-
loskeletal MR imaging. Eur J Radiol. 2017;94:93–100.

 84. Eito K, Waka S, Naoko N, Makoto A, Atsuko H. Vertebral neoplastic compression fractures: 
assessment by dual-phase chemical shift imaging. J Magn Reson Imaging. 2004;20(6):1020–4.

 85. Jahng G-H, Li K-L, Ostergaard L, Calamante F.  Perfusion magnetic resonance imaging: a 
comprehensive update on principles and techniques. Korean J Radiol. 2014;15(5):554–77.

 86. Ellingson BM, Woodworth DC, Leu K, Salamon N, Holly LT. Spinal cord perfusion MR imag-
ing implicates both ischemia and hypoxia in the pathogenesis of cervical spondylosis. World 
Neurosurg. 2019;128:e773–81.

 87. Li H, Luo H, Liu Y. Paraspinal muscle segmentation based on deep neural network. Sensors. 
2019;19(12):2650.

 88. Kim DH, MacKinnon T. Artificial intelligence in fracture detection: transfer learning from 
deep convolutional neural networks. Clin Radiol. 2018;73(5):439–45.

 89. Cheng C-T, Ho T-Y, Lee T-Y, Chang C-C, Chou C-C, Chen C-C, et al. Application of a deep 
learning algorithm for detection and visualization of hip fractures on plain pelvic radiographs. 
Eur Radiol. 2019;29(10):5469–77.

 90. Badgeley MA, Zech JR, Oakden-Rayner L, Glicksberg BS, Liu M, Gale W, et al. Deep learn-
ing predicts hip fracture using confounding patient and healthcare variables. NPJ Digit Med. 
2019;2:31.

 91. Smith SA, Pekar JJ, van Zijl PCM. Advanced MRI strategies for assessing spinal cord injury. 
Handb Clin Neurol. 2012;109:85–101.

G. Boraiah and A. Chhabra



107

 92. Choe AS. Advances in spinal functional magnetic resonance imaging in the healthy and injured 
spinal cords. Curr Phys Med Rehabil Rep. 2017;5(3):143–50.

 93. Klupp E, Cervantes B, Schlaeger S, Inhuber S, Kreuzpointer F, Schwirtz A, et al. Paraspinal 
muscle DTI metrics predict muscle strength. J Magn Reson Imaging. 2019;50(3):816–23.

 94. Fischer MA, Nanz D, Shimakawa A, Schirmer T, Guggenberger R, Chhabra A, et  al. 
Quantification of muscle fat in patients with low back pain: comparison of multi-echo MR 
imaging with single-voxel MR spectroscopy. Radiology. 2013;266(2):555–63.

 95. Brusko GD, Perez-Roman RJ, Tapamo H, Burks SS, Serafini AN, Wang MY. Preoperative 
SPECT imaging as a tool for surgical planning in patients with axial neck and back pain. 
Neurosurg Focus. 2019;47(6):E19.

 96. Xing D, Zha Y, Yan L, Wang K, Gong W, Lin H. Feasibility of ASL spinal bone marrow perfu-
sion imaging with optimized inversion time. J Magn Reson Imaging. 2015;42(5):1314–20.

4 Conventional and Advanced Imaging Evaluation of Spine



109© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. E. Noe (ed.), Multidisciplinary Spine Care, 
https://doi.org/10.1007/978-3-031-04990-3_5

5Spondyloarthritis

Nilofar Syed, Fatemah Ezzati, and Lesley Davila

 Introduction

The spondyloarthritides are a collection of disorders characterized by axial or 
peripheral inflammatory arthritis and associated clinical manifestations. This 
includes axial spondyloarthritis, psoriatic arthritis, reactive arthritis, inflammatory 
bowel disease related arthritis, and juvenile spondyloarthritis. These disorders all 
have overlapping symptoms and similar clinical features.

 Classification

The Assessment of Spondyloarthritis International Society (ASAS) developed clas-
sification criteria in 2009 categorizing spondyloarthritis into two subcategories: 
axial spondyloarthritis and peripheral spondyloarthritis [1]. Axial spondyloarthritis 
(axSpA) is the chronic inflammatory arthritis primarily affecting the axial skeleton. 
It is important to recognize axSpA as one of many causes of chronic low back pain 
and the focus of this chapter will be on axial spondyloarthritis.

Patients with axSpA are classified as having either of two subtypes: (1) radio-
graphic axial spondyloarthritis (r-axSpA) or ankylosing spondylitis (AS) and (2) 
non-radiographic axial spondyloarthritis (nr-axSpA). The basis for the classifica-
tion as  AS or nr-axSpA  is the presence  or absence of structural changes on 
radiographs.
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 Epidemiology

The prevalence of AS is approximately around 1% of the population in the United 
States [2]. AS is more common in males compared to females with a ratio of 2–3:1 
but among patients with nr-axSpA there is a higher proportion of females and the 
ratio of males to females is closer to 1:1.

The prevalence of HLA B27 antigen is about 6% in the United States but the 
prevalence of AS in the HLA-B27-positive population is only about 5 percent [3, 
4]. Conversely however, 90% of patients with AS have associated HLA B27 positiv-
ity and it is felt to play a role in the pathogenesis. The frequency of HLA-B27 in nr- 
axSpA  may be slightly lower than in AS with an estimated prevalence of about 
75–85 percent in nr-axSpA [5].

 Clinical Manifestations

Symptoms can sometimes be present for years before a diagnosis is made and thus 
it is important to recognize the clinical features that distinguish axSpA from non- 
inflammatory causes of back pain.

In most cases, inflammatory back pain is the initial manifestation for axSpA, and 
a good history is a critical component of the evaluation. This can be performed with 
a few simple questions regarding timing of pain, aggravating/alleviating factors and 
associated stiffness. Inflammatory back pain is usually chronic with a duration lon-
ger than 3 months with an onset typically before the age of 45. Patients with inflam-
matory back pain will often report an insidious onset of symptoms in the lower back 
or buttock region. Pain can often be present at night waking them up from sleep and 
patients may also report alternating buttock pain. There is typically improvement 
with exercise and worsening with periods of inactivity. Associated prolonged morn-
ing stiffness is also commonly reported and stiffness usually lasts over 30 minutes.

With progression of the disease, patients may report pain, stiffness and decreased 
mobility in the cervical or thoracic spine and they may also report chest pain due to 
involvement of the costovertebral joints (Table 5.1).

Patients may also have associated symptoms of peripheral arthritis which can 
accompany the symptoms of spinal involvement. Peripheral arthritis is typically 
oligoarticular and asymmetric affecting larger joints such as hips, knees, or ankles.

Other manifestations include enthesitis which is inflammation where tendons or 
ligaments insert into bone (entheses) and dactylitis where “sausage” like swelling of 

Table 5.1 Inflammatory 
Back Pain Features

1. Chronic course, lasting >3 months
2. Earlier age of onset, <45 years-old
3. Nocturnal awakening due to pain
4. Alternating buttock pain
5. Improvement with exercise
6. Pain exacerbated with inactivity
7. Morning stiffness lasting >30 minutes
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digits can occur, the latter mainly seen in psoriatic arthritis (PsA). Sites of enthesitis 
can include Achilles tendon or plantar fascia insertion, greater and lesser trochan-
ters, sacroiliac and costovertebral joints.

Extra-articular manifestations include uveitis, psoriasis or inflammatory bowel 
disease. About one third of patients with axSpA can develop acute anterior uveitis 
which can be unilateral and associated with pain, photophobia, redness or blurry 
vision. Inflammatory bowel disease can be seen in approximately 5–10% of patients 
with axSpA but a higher number of patients may have asymptomatic inflammation 
in the large intestine [6]. Axial involvement can also be seen in patients with psori-
atic arthritis and it can occur alone in about 5% of patients or in conjunction with 
other areas of arthritis in up to 40% of PsA patients. It is typically asymmetric, 
affecting one sacroiliac joint. The onset of joint pain can also precede the onset of 
psoriasis in about 15–20% of patients [7].

 Physical Exam

On examination patients may exhibit sacroiliac joint tenderness, decrease in mobil-
ity of the spine and signs of inflammation in the peripheral joints or entheses. 
Certain physical exam techniques are helpful in evaluating for AS. Occiput to wall 
test evaluates cervical range of motion. With the patient standing with their back 
against a wall, measurement is made of the distance between the occiput and wall.

Chest expansion may be decreased due to costovertebral inflammation and is 
measured at the fourth intercostal level with less than 2.5 cm chest expansion con-
sidered abnormal.

A Modified Schober test assesses flexion of the lumbar spine. This is performed 
by making a a horizontal line at the level of the superior iliac spines and a second 
mark 10 cm above that while the patient is standing. The patient is then asked to 
bend forward and the difference in length between the two marks is measured. A 
measurement of 5 cm or more is considered normal [8]. The FABER (or Patrick’s) 
test evaluates for sacroiliac pain. The patient lies supine and places their heel on the 
opposite knee resulting in the hip being in a flexed, abducted and externally rotated 
position. The examiner then applies pressure down onto the flexed leg which elicits 
increased pain in the sacroiliac joint.

 Diagnosis

 Lab Testing
There are no specific laboratory tests that are diagnostic of  axSpA, although 
two types of tests can contribute to making the diagnosis which include HLAB 27 
and acute phase reactants.

A thorough medical history, physical examination should be obtained in patients 
suspected of axSpA based upon the presence of one or more features of disease. 
HLA-B27 testing should be considered in patients suspected of having SpA, and 
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can be useful to increase the confidence of a diagnosis of axSpA in patients in whom 
plain radiographs or magnetic resonance imaging (MRI) also exhibit abnormalities 
consistent with axSpA. It is important to keep in mind that a positive test for HLA- 
B27 alone is not diagnostic for axSpA, and a negative test for HLA-B27 does not 
exclude the diagnosis.

Acute phase reactants – Acute phase reactants, including the erythrocyte sedi-
mentation rate (ESR) and C-reactive protein (CRP), should be measured in patients 
suspected of axSpA. Acute phase reactants are one of the 11 SpA features used for 
determining the diagnosis of axSpA

Elevated CRP levels are observed in almost 40 percent of patients with axSpA, 
with a higher percentage of patients with elevated levels in the subgroup with AS 
compared with the nr-axSpA-subpopulation [9]. However, a normal ESR or CRP 
does not exclude a diagnosis of axSpA or that the disease is in an active state. Other 
lab tests such as rheumatoid factor and ANA are often negative and not indicated as 
part of the evaluation.

 Imaging Studies
The appropriate use and accurate interpretation of sacroiliac and other joint images 
are very important in the diagnosis of axSpA. The following approach should be 
used in patients suspected of axSpA based upon the medical history and examination:

• Plain radiography  – All patients suspected of axSpA should have an anterior- 
posterior (AP) plain radiograph of the pelvis to visualize  the sacroiliac (SI) 
joints.  Plain radiography of the pelvis  continues to be the most widely used 
imaging technique for diagnostic evaluation. This is frequently sufficient to iden-
tify sacroiliitis in chronic cases.

On imaging in sacroiliitis, the lower anterior part of the sacroiliac joints is 
mostly affected. The presence of erosions, changes in joint width, or sclerosis 
strongly supports the diagnosis of axSpA. With advanced disease the sacroiliac 
joints may be fused (ankylosis). Changes in the spine can lead to loss of lordosis, 
squaring of the vertebrae and syndesmophytes which is characterized as bony 
bridging between the vertebrae leading to a “bamboo spine” appearance on 
radiographs. Patients classified as having nr-axSpA do not have evidence of 
x-ray findings. However approximately 5–10 percent of patients with nr-axSpA 
can develop evidence of radiographic involvement within about 2  years and 
about 20 percent after 5 years [10]. Figure 5.1 shows radiographic changes with 
sacroiliitis.

• MRI – It may take years for abnormalities to be evident on pelvic radiographics 
and so MRI is useful in detecting abnormalities earlier. MRI of the SI joints is 
usually indicated only in patients without evidence of sacroiliitis on plain radio-
graphs in whom axSpA is still suspected based on other symptoms and findings 
to help establish the diagnosis of nr-axSpA. It is important to recognize that posi-
tive MRI findings by themselves are not sufficient to make the diagnosis 
of axSpA in the absence of other features of SpA; thus, an MRI should only be 
ordered if there is a reasonable degree of suspicion of axSpA.
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The ESSR Arthritis Subcommittee recommendations for appropriate scanning 
protocols for MRI of the  pelvis in the diagnosis of  axSpA  include simultane-
ous evaluation of T1-weighted (T1W) and fat-suppressed MRI sequences (such as 
short tau inversion recovery (STIR) and T2-weighted  fat-suppressed turbo spin 
echo (T2-FS) sequences) [11].

Findings of sacroiliitis on MRI are demonstrated as bone marrow edema of the 
sacroiliac joints. Erosions of the sacroiliac joint on T1 weighted sequencing 
increases sensitivity. Contrast enhancement is not necessary, unless the findings 
without contrast are uncertain and a high suspicion of axSpA remains. Figure 5.2 
shows MRI changes with sacroiliitis.

Imaging of enthesitis When SpA is suspected, ultrasound or MRI may be used to 
detect peripheral enthesitis, which may support the diagnosis of SpA.

 Algorithm

The subsequent diagnostic steps are adapted from the strategy referred to as the 
2013 Assessment of  Spondyloarthritis  International Society (ASAS) modified 
Berlin algorithm [12]:

A patient with chronic low back pain (at least three months) and onset before the 
age of 45 should have an anterior-posterior (AP) plain radiograph of the pelvis to 
examine the sacroiliac joints. A diagnosis of axSpA can be made if  the imaging 
meets criteria for  sacroiliitis  (at least grade 2 bilaterally or grade 3 unilater-
ally) and the patient has at least one other SpA-typical parameter.

In patients who are not positive for sacroiliitis by plain radiography of the pelvis, 
the presence or history of each of 11 features of SpA should be ascertained; a patient 
with at least 4 of the 11 SpA features can usually be diagnosed with nr-axSpA, but 
preferably such patients should have positive imaging and/or positive test for HLA- 
B27; the absence of both of these two findings makes  SpA  less likely in such 
patients.

Fig. 5.1 Frontal pelvic 
radiographs show widening 
and erosive changes in the 
bilateral sacroiliac joints, 
more prominent on the left, 
consistent with sacroiliitis. 
(Image provided by Dr. 
Parham Pezeshk)
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These 11 features characteristic of SpA are:

• Inflammatory back pain
• Heel pain (enthesitis)
• Dactylitis
• Uveitis
• Positive family history for SpA
• Inflammatory bowel disease
• Alternating buttock pain
• Psoriasis
• Asymmetric arthritis
• Positive response to nonsteroidal anti-inflammatory drugs (NSAIDs)
• Elevated acute phase reactants (ESR or CRP)

For patients with fewer than four SpA features and without radiographic sacroili-
itis it is recommended to undergo HLA-B27 testing.

• Patients without radiographic sacroiliitis but with two to three SpA features and 
positive HLA-B27 testing may generally be diagnosed with nr-axSpA.

Fig. 5.2 Axial T1 and 
STIR images in a 
24 year-old male with back 
pain. Mild widening of the 
right SI joint with adjacent 
moderate marrow edema 
representing sacroiliitis. 
Left SI joint is less 
severely involved. (Images 
provided by Dr. Parham 
Pezeshk)
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• A diagnosis of axSpA is relative unlikely in those with two or three SpA features 
who are negative for HLA-B27 and lack radiographic sacroiliitis. However, in 
patients in whom the clinical suspicion of axSpA remains high, an MRI should 
be obtained to evaluate for evidence of sacroiliitis, which will support the diag-
nosis of nr-axSpA

• Patients without radiographic sacroiliitis and with no or only one SpA feature, 
but a positive test for HLA-B27, should be evaluated for sacroiliitis by MRI. An 
MRI that is positive for sacroiliitis supports the diagnosis of nr-axSpA in such 
patients but is itself not diagnostic and should be interpreted in the context of the 
patient’s symptoms and other findings.

 Differential Diagnosis

Conditions that cause chronic low back and spinal pain may present in a similar 
fashion to axSpA and should be considered in the differential diagnosis:

 1. Acute or chronic mechanical back pain:
Obtaining a good history may help to differentiate this from inflamma-

tory back pain. This can be readily distinguished from axSpA by the absence 
of inflammatory characteristics in the majority of patients and also lacking 
associated features of SpA; however, a minority of patients with these con-
ditions  may  have  a pattern of discomfort that is typical of inflammatory 
back pain.

 2. Diffuse idiopathic skeletal hyperostosis:
Patients with diffuse idiopathic skeletal hyperostosis (DISH) may have mus-

culoskeletal  pain and stiffness in affected areas, including the neck, back, 
and  sometimes  the extremities. Reduced spinal motion, especially in the tho-
racic spine, is present in all patients in advanced cases. The hallmarks of DISH 
are radiographic abnormalities. DISH is characterized on imaging by the ossifi-
cation of paravertebral ligaments and peripheral  entheses.  Unlike patients 
with axSpA, the SI joints are usually spared, the apophyseal joints are not anky-
losed, exuberant osteophyte formation and flowing calcification occur, at least 
four contiguous  vertebral bodies are typically ossified, and disc height is 
maintained.

 3. Vertebral compression fracture – This typically occurs in patients with low 
bone mass of the spine, especially with osteoporosis or trauma. Patients are typi-
cally older than those with SpA, and the pain is usually more acute and more 
severe than in SpA and is localized to the spine.

 4. Osteitis condensans ilii –
Osteitis condensans ilii (OCI) is a self-limiting condition marked by sclerosis 

of the iliac bone, found either incidentally on imaging in asymptomatic patients 
or those presenting with lower back pain. Imaging and clinical findings are local-
ized to the sacroiliac joints. It spares the joint space, is not progressive, and most 
commonly presents in the absence of lab value abnormalities.
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Treatment Options

• Treatment of  SpA  is quite extensive.  Goals of treatment include reducing 
pain  and stiffness, improving physical function, mobility  and activities of 
daily living as well as reducing potential joint and spine  dam-
age [13]. Treatment can be divided up into both pharmacologic and nonphar-
macologic  categories and can differ based on  the  subtype of  SpA.    It is 
important that patients are seen by a rheumatologist as many of the pharma-
cologic options can prevent radiographic progression of disease and slow 
down pain and disability.    Untreated, the disease can lead to irreversible 
structural damage and disability, causing a great impact on physical and 
social quality of life of the patients and even on their families [14]. Treatment 
decisions should be made based on shared decision making between the 
patient and rheumatologist. Additionally, it is important to screen patients for 
extra articular manifestations of disease (psoriasis, GI manifestations, ocular 
disease, etc.) which may influence treatment choices.

Nonpharmacologic Treatment

All patients with SpA should be offered physical therapy, exercise and patient 
education about their disease in addition to pharmacologic treatment.

Patient education: Patient education should include topics such as maintaining 
healthy posture and weight, regular exercise, the need for regular office visits to 
evaluate disease activity and monitor medications. Any patient started on pharma-
cologic therapy should receive information about specific medications they will 
be taking and risks associated with that therapy.

• Physical therapy: All patients newly diagnosed with axSpA should be encour-
aged to participate in physical therapy  to learn proper posture, strengthening 
exercises and lifelong habits of stretching to help prevent loss of spinal mobil-
ity.  Additionally, patients who already have lost mobility of the spine may be 
able to regain function through individual or group-based classes.

• Exercise: Studies suggest that exercise plays an important role in SpA, reducing 
pain, improving mobility and function as well has having a positive role on men-
tal health.     Specific exercise recommendations can be given in physical  ther-
apy, but it is important the patient develops a lifelong habit of maintaining spine 
mobility for best outcomes  [15].

• Role for surgical intervention: In many patients with longstanding spondyloar-
thropathy, there is substantial damage to the hip joints causing pain and restric-
tion of movement. These patients may be good candidates for total hip arthroplasty 
which can reduce pain and restore movement and functional-
ity.    Additionally,  patients with kyphosis and loss of neck function  may be 
referred to spinal surgeon for options such as laminectomy (in the case of nerve 
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root compression) or osteotomy and fixation which rarely can be used to fuse the 
spine in a straight position.

 Pharmacologic Treatment

• Nonsteroidal anti-inflammatory drugs (NSAIDs): NSAIDs have been a cor-
nerstone of therapy for SpA for decades. Ideally patients should have a trial of 
one or two full strength daily NSAIDs for treatment of axSpA before moving on 
to other medication options  [16].  Scheduled NSAIDs are preferred over as 
needed dosing in terms of relieving pain and stiffness and potentially reducing 
spinal disease. In many patients NSAIDs are the only medication required and 
the majority have improvement in back pain and stiffness [17].

• TNF inhibition: In patients who have inadequate response to NSAIDs, the next 
choice of therapy is a tumor necrosis factor (TNF) alpha inhibitor for axial dis-
ease.  These medications include etanercept, adalimumab, infliximab, certoli-
zumab pegol and golimumab (as well as their biosimilars) [18]. TNF inhibition 
has been shown in clinical trials to reduce the inflammatory component of 
axSpA  including reduction in pain and stiffness, improved spinal mobility, 
peripheral arthritis, enthesitis, as well as reduction in radiographic progression 
of disease. These medications are generally well-tolerated although can increase 
risk of infections and patients need to be screened for tuberculosis prior to ini-
tiation [19]. There is no preference of one TNF inhibitor over another in terms 
of efficacy but in patients with other manifestations including uveitis or IBD, a 
TNF receptor inhibitor such as etanercept is not recommended due to lack of 
efficacy. In patients who responded well to a TNF inhibitor but had gradual loss 
of response over time, switching to an alternative TNF inhibitor is 
recommended.

• Anti-IL17 antibody: Secukinumab and Ixekizumab are anti-IL17A monoclonal 
antibody medications that are approved for treatment of axial  spondyloarthri-
tis.  The anti-IL17A monoclonal antibody are shown to reduce symptoms as well 
as radiographic progression of disease. In patients with no response to a trial of 
TNF inhibitor for at least 3 months, switching to secukinumab or ixekizumab is 
recommended [16].  As compared to the TNF inhibitors, the anti-IL17A mono-
clonal antibody medications are not effective for Crohn’s disease and are typi-
cally avoided in these patients.

• JAK inhibitor: Tofacinitib which is a JAK inhibitor, is also a treatment option 
approved for axSpA after failure of TNF inhibitors but it is associated with 
increased risk of cardiovascular disease, cancer, and thrombosis [20].

• Disease modifying anti-rheumatic drugs (DMARDs): DMARDs have some 
benefit in the treatment of peripheral arthritis but there is not adequate benefit for 
axial involvement. In patients who continue to have peripheral joint involvement 
the initiation of sulfasalazine or methotrexate can be considered.
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• Systemic glucocorticoids: There is no role for the use of systemic glucocorti-
coids for treatment of axSpA, although they can be of use for other manifesta-
tions of disease such as peripheral arthritis, eye disease or GI disease.
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6Soft Tissue Pain

Robert S. Ackerman, Patrick B. Ahern, Biral T. Patel, 
and Carl E. Noe

 Introduction

Soft tissue is an important source of pain located near the spine. Many patients 
diagnosed with non-specific low back pain for failed back syndrome often have soft 
tissue pain syndromes that may be successfully treated. Soft tissue pain may be a 
primary soft tissue disorder or may be secondary to a spinal condition and often 
manifest due to mechanical disorders or systemic inflammation [1]. Kuslich studied 
pain responses to stimulation of different back tissues during lumbar spine surgery 
performed with local anesthesia, examining the heterogeneity of pain impulses and 
stimuli and how they may present symptomatically with some congruency [2]. 
Compressed nerve roots were sensitive to stimulation in 99% of patients followed 
by 74% with stimulation of the central annulus, 71% with the central lateral annulus 
and 61% with the vertebral end plate. In addition, 41% of patients were sensitive to 
paravertebral muscle stimulation, 30% to facet capsule stimulation, 25% to supra-
spinous ligament stimulation, and 17% with lumbar fascia stimulation [2]. Spine 
structures are more sensitive to stimulation, but soft tissues are a significant poten-
tial source of back pain.

The sacroiliac joint was examined as a potential source of low back pain, noting 
its role in regulating reflex muscle activation and locomotion, controlling body pos-
ture and trunk mobility. Gluteus maximus and quadratus lumborum muscle activa-
tion was noted after stimulation of the ventral sacroiliac joint in pigs; stimulation of 
the joint capsule produced activation of the multifidus muscles [3]. Thus, muscle 
spasms can result from a primary pain source in the spine. Patients with discogenic, 
ligamentous, or facet pain often have associated muscle spasm pain, for which treat-
ment of can significantly reduce overall pain [4].
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Common soft tissue pain problems consist of myofascial pain, bursitis, tendini-
tis, enthesitis, among others [1]. Furthermore, soft tissue pain may present as 
referred pain from distant sources. A thorough and wide differential diagnosis of 
acute soft tissue pain is needed to prioritize and create a diagnostic impression and 
hypothesize an appropriate treatment strategy.

 Differential Diagnosis of Acute Pain

Soft tissue pain disorders can occur in all regions of the body. In the head and neck, 
causes include occipital neuralgia, torticollis, and thoracic outlet syndrome. In the 
chest wall, costochondritis is notable [1]. In the upper extremities, diagnoses include 
rotator cuff tendinopathy and tear, subacromial bursitis, lateral and medial epicon-
dylitis, De Quervain disease, and Dupuytren contracture; in the lower extremities, 
consider trochanteric and ischial bursitis, patellofemoral syndrome, Achilles tendi-
nopathy, and plantar fasciitis [1]. Weiner’s textbook Differential Diagnosis for 
Acute Pain Syndromes comprehensives describes common, uncommon, and rare 
causes for acute pain problems [5].

 Posterior Neck Pain

Common causes of acute posterior neck pain include meningitis, myositis, occipital 
migraine, cervical disc pathologies, and rheumatoid arthritis. Uncommon condi-
tions include myofascial pain, torticollis, osteomyelitis, and ankylosing spondylitis. 
Rare diagnoses include epidural abscess and hematoma, pathologic fracture, retro-
pharyngeal and chest wall abscesses, vertebral artery dissection or pseudoaneu-
rysm, and occipital neuralgia [5].

 Interscapular and Scapular Pain

Common causes of acute interscapular and scapular pain include myofascial pain, 
trauma, and vertebral compression fracture. Uncommon conditions include myo-
cardial infarction, common bile duct stone, herpes zoster, and osteomyelitis. Rare 
diagnoses include transverse myelitis, pleuritis, and pyelonephritis [5].

 Midline Thoracolumbar Pain

Common causes of acute midline thoracolumbar pain include vertebral compres-
sion fractures, myofascial pain, pancreatitis, and soft tissue injuries. Uncommon 
conditions include duodenal ulcers, herpes zoster, and pathologic fracture due to 
cancer. Rare diagnoses include epidural abscess and pathologic fracture due to 
osteomyelitis [5].
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 Lumbosacral Pain

Common causes of acute lumbosacral pain include spondylosis and spondylolisthe-
sis, facet syndrome, osteoporotic fractures, myofascial pain, diverticulitis, pelvic 
inflammatory disease, lumbosacral strain, and disc degeneration. Uncommon con-
ditions include sacroiliitis, Paget’s disease, hyperextension injury, and intraspinal 
synovial cyst. Rare diagnoses include cauda equina syndrome, conus medullaris 
infarction, epidural abscess, and hematoma [5].

 Unilateral Buttock Pain

Common causes of acute unilateral buttock pain include facet syndrome, disc 
degeneration, myofascial pain, trochanteric bursitis, and furuncle. Uncommon con-
ditions include sacroiliitis due to Reiter’s disease, ischial bursitis, hamstring strain, 
piriformis syndrome, and anorectal abscess. Rare diagnoses include infectious sac-
roiliitis and epidural abscess [5].

 Bilateral Buttocks Pain

Common causes of acute bilateral buttocks pain include facet syndrome, trauma, 
disc conditions, furuncles, and sacroillitis due to Reiter’s disease. Uncommon con-
ditions include horseshoe abscess, spondylolisthesis, and ischial bursitis. Rare diag-
noses include conus medullaris infarction and epidural abscess and hematoma [5].

 Myofascial Pain

The Simons and Travell criteria of myofascial pain are as follows: a localized tender 
spot within a taut band of muscle; an expected pattern of referred pain; tenderness 
to palpation; reduced range of motion; and a local twitch in response to needle 
insertion into or snapping of the myofascial trigger point [6]. This widely accepted 
description includes both acute and chronic durations and single or multiple trigger 
points. As many as one-third of patients with musculoskeletal disorders have a com-
ponent of myofascial pain.

 Etiologies

Simons’ hypothesis includes many myofascial, biomechanical, and central nervous 
factors that could account for the clinical characteristics. Abnormal pre- and post- 
synaptic depolarizations, dysfunction in acetylcholinesterase activity, acetylcholine 
release, or receptor activity, as well as abnormalities in muscle spindle function and 
the motor end plate are all theorized to contribute [7]. The treatment of myofascial 
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pain includes both pharmacologic and non-pharmacologic strategies. Determining 
an underlying perpetuating cause is important. Abnormal posture, muscle imbal-
ances, hormonal and nutritional problems (such as Vitamin D deficiency) are fre-
quently involved.

 Treatments

Medication classes (and common medications) used to treat myofascial pain include 
muscle relaxants (cyclobenzaprine, tizanidine), sedatives and hypnotics (clonaze-
pam, alprazolam, diazepam), antidepressants (amitriptyline, nortriptyline, fluox-
etine, duloxetine, venlafaxine), anticonvulsants (gabapentin, pregabalin), topical 
analgesics (lidocaine, menthol, and diclofenac patches), and anti-inflammatory 
medications (ibuprofen, diclofenac, aspirin, acetaminophen) [7]. Other treatment 
strategies include transcutaneous electrical nerve stimulation (TENS), ultrasound 
therapy, laser therapy, magnetic stimulation, and needle-based interventions such as 
acupuncture, dry needling, and trigger point injections [7, 8].

Exercise triggers the release of beta-endorphins from the pituitary gland and 
hypothalamus, enabling the peripheral and central analgesic effects from the mu- 
opioid receptor [9]. Acupuncture, like dry needling, works to inhibit pain perception 
via an increase in central nervous opioid peptides [8]. Ultrasound therapy works to 
heat the effected tissue, causing a prolongation of sarcomere contraction [8].

Sharan developed a continuum of care for the treatment of myofascial low back 
pain [9]:

• Phase I: Severe Discomfort. Goal: pain relief. Treatments: ultrasound, muscle 
therapy, sensory desensitization.

• Phase II: Moderate Discomfort. Goal: flexibility restoration. Treatments: yoga, 
self-stretching exercises, spine mobilization.

• Phase III: Mild Discomfort. Goal: strengthening and conditioning. Treatments: 
aquatic therapy, body mechanics, EMG biofeedback, progressive strengthening 
exercises.

• Phase IV: Maintenance. Goal: functional restoration. Treatments: pilates, Tai 
Chi, functional and vocational rehabilitation, strength training.

Trigger point injections should be performed with short needles, especially in the 
thoracic region due to the risk of pneumothorax. This is one of the most common 
reasons for lawsuits related to injections. Large patients should be injected using 
imaging, if necessary. The target for a trigger point injection is not the taut band, but 
the trigger point itself. The trigger point must be localized accurately and may be 
marked with a pen or localized with the index finger to elicit a “jump sign.” The 
trigger point is injected with local anesthetic to anesthetize and relax the muscle [8, 
9]. Independent exercise is the goal for patients with myofascial pain and injections 
should not be repeated endlessly if patients are not progressing toward a home 

R. S. Ackerman et al.



125

exercise program. A study of the occurrence and inter-rater reliability of myofascial 
trigger points in the quadratus lumborum and gluteus medius muscles suggested the 
clinical usefulness is greatest when localized tenderness, the “jump sign,” or 
patient’s recognition of pain are used as criteria for the presence of trigger points [10].

 Fibromyalgia

Fibromyalgia syndrome (FMS), with an incidence of 2% in the United States, is 
characterized by persistent and widespread musculosketal pain of non- inflammatory 
origin. Originally FMS was tough to define due to many concomitant symptoms and 
related comorbidities, such as fatigue, depression, memory issues, and insomnia. 
The American College of Rheumatology definitions of the syndrome have been 
continuously refined, with Galvez-Sanchez suggesting new diagnostic criteria for 
fibromyalgia syndrome [11]:

• Core Diagnostic Criteria. The presence of pain in six or more body sites from 
nine possible locations, in addition to fatigue and sleep disturbance.

• Common Features. Includes musculoskeletal stiffness, environmental sensitivity, 
dyscognition (forgetfulness, slow thinking), and tenderness.

• Common Medical and Psychiatric Comorbidities. Chronic headaches, depres-
sion and anxiety disorders, irritable bowel syndrome, chronic fatigue syndrome, 
chronic pelvic pain, restless leg syndrome, etc.

• Neurobiological, Psychosocial, and Functional Consequences. Includes medical 
cost of fibromyalgia syndrome, morbidity, and mortality.

• Putative Neurobiological and Psychosocial Mechanisms, Risk Factors, and 
Protective Factors. Focuses on comorbidities and pathophysiological components.

Fibromyalgia is considered a nociplastic pain syndrome. Multiple theories have 
emerged to explain this disorder. The immune system may be involved triggering 
the onset of fibromyalgia, as well as the human microbiota. Skin and thalamic cells’ 
release of neuro-inflammatory mediators may influence microglia. An association 
between the severity of symptoms and oxidative stress may help explain the role of 
genetics [12].

Several medications have been studied, with memantine, tapentadol, and dulox-
etine described as being most useful. Further study into mirogabalin, cannabis, and 
the glutamate co-agonist NYX2915 are being studied [12, 13]. In the United States, 
pregabalin, duloxetine, and milnacipran are approved by the Food and Drug 
Administration for the treatment of FMS. Complementary therapies, such as TENS, 
ozone, stress reduction, attachment-based compassion therapy, guided meditation, 
hyperbaric oxygen, and biofeedback, are also being explored [12]. Interdisciplinary 
treatment – including psychological, physiotherapeutical, educational, and medical 
interventions, have been shown to improve the health-related quality of life in 
patients with fibromyalgia [14].
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 Cervical Whiplash

For patients who experienced soft tissue neck injuries from motor vehicle accidents, 
positive correlations existed between poor outcomes and risk factors such as numb-
ness or pain in an upper extremity, restricted motion at one level on cervical  flexion/
extension plain films, reversal of cervical lordosis on lateral plain films, greater than 
3 month use of cervical collars, and recurrent need for physical therapy after the 
initial course [15]. While the majority (57%) of patients recovered in this study, 
several developed degenerative changes after the injury. Other studies have found 
paresthesia, thoracolumbar back pain, and the presence of multiple symptoms to be 
predictive of continuing symptoms and symptom severity after soft tissue injury of 
the cervical spine [16]. Examining cervical spine radiographs, degenerative changes 
were found in 68% of patients, and 87% of those with symptoms. 20% of patients 
with normal X-rays had symptoms [16].

The Quebec Task Form team classified whiplash injuries by severity of clinical 
symptoms from Whiplash-Associated Disorder (WAD) 1 to WAD 5 [17]:

• WAD 1: No neck discomfort. No abnormal signs.
• WAD 2: Neck pain, stiffness, or only tenderness. No abnormal signs.
• WAD 3: Neck symptoms. Musculoskeletal signs.
• WAD 4: Neck symptoms. Neurological signs.
• WAD 5: Neck symptoms. Fractures or dislocations.

Experimental cervical trauma studies have shown injury to the deepest posterior 
cervical muscles, in particular the musculus obliquus [18]. Hyperextension injuries 
can damage the anterior longitudinal ligament and facet capsule ligaments. 
Hyperflexion injuries damage the ligamentum flavum and interspinous ligaments. 
Whiplash injuries can tear anterior longitudinal ligaments and cause anterior disk 
detachments that are seen on MRI [18]. Compression injury of facet joints can also 
occur. Rear end injuries can damage cervical facet capsular ligaments. The trans-
verse ligament and posterior atlanto-occipital membrane are more commonly 
injured in frontal motor vehicle accidents compared to rear end accidents. Lateral 
displacement injuries can tear the transverse atlantal ligament and produce atlanto-
axial instability. If the distance between the dens and the anterior atlas exceeds 
3 mm, the transverse ligament and the alar ligament may be ruptured [18].

Injuries of the tectorial membrane, alar ligaments and transverse ligaments can 
be imaged following high energy accidents. While the normal tectorial membrane 
and transverse ligament are routinely seen, the normal alar ligaments may be diffi-
cult to visualize. These ligamentous structures are important stabilizers in the 
cranio- cervical junction and occipito-cervical fusion is necessary in cases of insta-
bility and potential myelopathy [19].

However, for stable soft tissue whiplash injuries, muscle energy technique has 
been used to treat upper trapezius and levator scapulae muscles in patients with soft 
tissue neck pain. The muscle energy technique involves static stretching of the 
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muscles by the therapist placing one hand on the patients shoulder for stabilization 
and using the other hand to move the head to stretch the muscles [20].

 Cervical Dystonia and Torticollis

The use of botulinum neurotoxin type A (BoNT/A) in conjunction with physical 
therapy is efficacious in obviating the need for more invasive treatment modalities 
in treating congenital torticollis [21]. BoNT/A has also demonstrated sustained 
significant clinical benefit to patients suffering from cervical dystonia [22]. Use of 
botulinum neurotoxin reduces neck pain by decreasing excessive muscle spindle 
activity, inhibiting retrograde neuronal flow to the central nervous system, inhibit-
ing release of neuropeptides by nociceptors and blocking release of acetylcholine 
at nerve endings without interfering with nerve conduction [23]. Despite its role in 
improving outcomes in cervical dystonia and congenital torticollis, current evi-
dence has demonstrated no similar benefit in treating patients with chronic neck 
pain [24].

 Notalgia Paresthetica

Notalgia paresthetica is a syndrome of refractory neuropathic pain and pruritus 
commonly located unilaterally in the infrascapular region. Interestingly, there is 
growing evidence of its association with degenerative or traumatic cervicothoracic 
disc disease. Initial work-up of notalgia paresthetica associated with cervical dis-
ease may require cervical spinal imaging. Treatment options range from conserva-
tive modalities (e.g. physical therapy, cervical muscle strengthening, spinal 
manipulation, etc.) to pharmacotherapies (NSAIDs, muscle relaxants) to surgical 
interventions [25].

 Paraspinal Muscles

The interspinalis and lumbar multifidus muscles, core paraspinal muscles, are 
thought to be important sources of soft tissue-related low back pain. Theories 
regarding the nature of injury to these muscles include muscle avulsion, muscle 
atrophy or prolonged neurological inhibition of paraspinal muscles [26]. Lumbar 
multifidus muscles are particularly key in providing muscular stabilization of the 
neutral zone range of motion in the lower back. Dysfunction of the lumbar multifi-
dus muscles – a consequence of inhibition of spinal pain – is strongly associated 
with low back pain and, in most cases, persists even after resolution of pain [27]. 
Imaging may show atrophy of paraspinal muscles. However because of variability 
of study quality and approaches, the relationship between atrophy and low back 
pain remains unclear [28].
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The vast majority of acute episodes of low back pain resolve within 2–4 weeks, 
however recurrence rates following initial insult range between 60% and 86%. The 
large recurrence rate is related to instability at the spinal segmental levels, further 
illustrating the importance of well-functioning paraspinal muscles in improving 
outcomes. Evidence shows that patients receiving specific lumbar stabilization ther-
apy in addition to medical management and resumption of normal daily activity 
experience fewer recurrences of low back pain compared to those who receive only 
medicant management and resumption of normal activity [29].

 Quadratus Lumborum

The quadratus lumborum muscle, an important lateral stabilizer of the spine, origi-
nates near the iliac crest and attaches to the transverse processes of the lumbar spine 
through the thoracolumbar fascia. Injury to the muscle is associated with stressful 
twisting motions, such as with golfing, that overload the muscle. Patients present 
with flank pain and tenderness of the buttock, lower back and lateral hip. They may 
cite coughing or sneezing as occurrences where their pain is exacerbated. Initial 
treatment includes myofascial therapy that aims to restore quadratus lumborum 
muscle function in addition to joint manipulation of related dysfunctional areas [4].

 Thoracolumbar Fascia

The thoracolumbar fascia itself represents a source of idiopathic pain generation in 
those with lumbar disorders. The mechanisms theorized to elicit the low back pain 
include: nociceptive input from other tissues that innervate the same spinal segment, 
microinjuries that cause irritation to nociceptive nerve endings, and restructured 
tissue that alters proprioceptive signaling following injury, immobility or chronic 
overload, thereby lowering the threshold for pain. Histologic evidence of morpho-
logical changes in the lumbodorsal fascia exists in those with chronic low back 
pain [30].

 Greater Trochanteric Pain Syndrome

Greater trochanteric pain syndrome – a regional pain syndrome – consists of the 
following diagnoses: trochanteric bursitis (the most common cause), gluteal muscle 
tendinopathy and external coxa saltans. Traditionally, trochanteric bursitis was con-
sidered the central source of soft tissue-related lateral hip pain. However, advances 
in imaging studies have demonstrated that many patients diagnosed with trochan-
teric bursitis have concomitant hip abductor tendinopathy [31].

The clinical features of greater trochanteric pain syndrome include chronic inter-
mittent pain over the buttock region and lateral thigh. Patients with trochanteric 
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bursitis tend to note particular difficulty sleeping on the affected side, while those 
with gluteal muscle tendinopathy will present with hip abductor weakness [32]. 
Greater trochanteric pain syndrome’s “pseudoradiculopathy” does not extend distal 
to the proximal tibia (at the insertion of the iliotibial tract at Gerdy’s tubercle). The 
lateral hip pain is exacerbated with activity and can be reproduced through palpa-
tion of the greater trochanter, termed the “jump sign”. A positive Trendelenburg 
sign is the most sensitive physical finding for posterior gluteus medius tendinop-
athy [4].

Repetitive friction between the greater trochanter and iliotibial (IT) band causes 
microtrauma of the gluteal tendons that insert into the greater trochanter. Blunt 
trauma and idiopathic sources can cause similar damage. The etiology of GTPS is 
due to this damage that results in inflammation of adjacent bursae, increased IT 
band tension and gluteal tendon degeneration [32]. Moreover, habitual preference 
of the tensor fascia lata in performing hip abduction movements results in posterior 
gluteus medius muscle disuse weakness and atrophy, further increasing the risk for 
injury in the future [4].

While imaging may be helpful in ruling out alternate causes of hip pain, diagno-
sis is based on history and physical. The management of greater trochanteric pain 
syndrome should be step-wise in accordance with clinical response. Initial treat-
ment options for trochanteric bursitis include NSAIDs, physiotherapy and cortico-
steroid injections. Further treatment options include shockwave therapy and 
platelet-rich plasma injections [32]. Rarely used, surgical intervention is reserved 
for treatment-refractory cases [33]. The initial management of gluteal tendinopathy 
includes physical therapy focused on strengthening the posterior gluteus medius, 
with options such as cold pack, ultrasound and iontophoresis, and posture changes 
aiming to decrease stretch on the muscle. Bursal or trigger point injection may be 
pursued as an adjunct to better facilitate physical therapy. If tendon rupture is dis-
covered on imaging, surgical repair or hip sica bracing could be indicated [4].

 Gluteal Bursitis

Gluteal bursitis presents with pain while walking or going up stairs and is localized 
to the buttock region with or without radiation to the trochanteric region, posterolat-
eral thigh and calf. It is produced with passive or resisted maneuvers of external 
rotation and/or abduction. These movements elicit pain secondary to compression 
of hip bursae [4]. In contrast to the traditional idea of a single “trochanteric bursa” 
lying over the lateral aspect of the greater trochanter, cadaveric studies suggest the 
presence of on average 6 bursae per hip and buttock region [34]. Injection of local 
anesthetic and/or corticosteroid to the site of maximum tenderness serves as a 
source of both diagnostic and therapeutic utility [4, 34]. Given the highly variable 
location and quantity of buttock and hip bursae, an improved ability to differentiate 
between bursa would be advantageous for limiting diagnosis and refractory nature 
of gluteal bursitis [34].
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 Ischial Bursitis

Ischial bursitis presents as a source of gluteal or upper posterior thigh pain follow-
ing periods of prolonged sitting or exercise. The ischial bursa is located between the 
ischial tuberosity and the gluteus maximus and serves to limit the frictional forces 
between the two. However prolonged activities that put pressure on the ischium 
cause an inflammatory reaction resulting in swelling and tenderness. The condition 
will often mimic the symptoms of sciatica or hamstring tendonitis. Ischial bursitis 
that is refractory to rest, lifestyle modifications and NSAIDs may require a step-up 
in therapy with injections of mixed steroid and local anesthetic [35].

 Neuropathic Back Pain

Neuropathic back pain, one of the most common chronic pain conditions world-
wide, describes pain from injury or disease that affects nerve roots innervating the 
spine and lower limbs in addition to the invasive innervation of damaged lumbar 
discs. While noted for its wide variability in presentation, features of neuropathic 
back pain commonly include pain arising without stimulus, allodynia and hyperal-
gesia. Current guidelines advise on how to best manage the nociceptive and behav-
ioral components of chronic low back pain, however modalities specifically targeting 
the neuropathic component is limited. Conflicting evidence exists on the efficacy of 
antidepressants and anticonvulsants in the treatment of neuropathic back pain. 
Topical capsaicin and lidocaine are attractive options given that their use has 
achieved significant reductions in pain scores with limited adverse effects [36]. 
Enteral tapentadol, a dual μ-opioid receptor agonist and noradrenaline reuptake 
inhibitor, demonstrates significant reductions in quantity and duration of neuro-
pathic low back pain “attacks”, however has an adverse effect incidence that is less 
well-tolerated [37].

 Shingles

Herpes zoster and postherpetic neuralgia is most commonly localized to thoracic- or 
cranial-associated spinal ganglions. Reactivation of the varicella zoster virus in the 
L5 dorsal root ganglion is rare, however should be considered part of one’s differ-
ential diagnosis for lumbosciatic pain with nonspecific discovertebral changes on 
MRI. Skin changes and blistering following the prodromal pain and paresthesias 
typically allow for a quick diagnosis [38]. However in the setting of absent skin 
manifestations with zoster sine herpete, an atypical herpes zoster presentation, the 
possibility of herpes zoster must still be considered [39]. Prolonging diagnosis 
increases the risk of postherpetic neuralgia and postherpetic neuropathies - which 
recover in only 50% of cases - in addition to more damaging and fatal complications 
[38]. Treatment consists of initiation of an antiviral agent (acyclovir or valacyclovir) 
as soon as the diagnosis is made, in combination with analgesic agents. Management 
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of postherpetic neuralgia involves NSAIDs, gabapentinoids, opioids, corticoste-
roids and tricyclic antidepressants [39]. Shingles prevention via vaccination is cur-
rently recommended in adults greater than 50  years old by the United States 
CDC [40].

 Nerve Entrapment

The differential diagnosis for chronic localized back pain should include entrap-
ment of cutaneous branches of the posterior rami of thoracic spinal nerves. 
Analogous to localized neuropathic anterior abdominal pain and its associated diag-
nosis of anterior cutaneous nerve entrapment syndrome (ACNES), posterior cutane-
ous nerve entrapment syndrome (PCNES) is a relatively novel concept associated 
with neuropathic pain accompanied by sensations of hyperalgesia and allodynia 
along the distribution of the nerve. These symptoms are related to irritation of the 
cutaneous branches by the entrapment. Results from a relatively small sample size 
suggest a step-up diagnostic and treatment regimen of local anesthetic and cortico-
steroid injections and neurectomy of lateral branch of the posterior primary ramus 
leads to long-term pain relief [41, 42].

Pain that is reproducible or aggravated by palpation or movement around the lum-
bar region and buttocks is also suggestive of superior or middle cluneal nerve entrap-
ment. These cutaneous nerves, which are purely sensory, can be entrapped near the 
iliac crest and produce numbness and radiating pain when their trigger point is com-
pressed. Due to small size of the nerves, imaging modalities such as CT and MRI are 
not very informative. Thus when suspected, diagnosis is likely with positive Tinel 
sign upon trigger point compression followed by symptomatic relief with cluneal 
nerve block. Patients with pain refractory to conservative treatment and nerve block-
age may be candidates for surgical release or percutaneous neurolysis [43].

Sciatic nerve entrapment can present with symptoms radiating anywhere in the 
lower extremity along the sciatic nerve distribution. However pain located specifi-
cally in the buttock is commonly a predictor of sciatic nerve entrapment. Various 
physical exam maneuvers are highly sensitive and specific for sciatic nerve entrap-
ment. However other diagnostic modalities such as MRI, ultrasound, EMG, nerve 
conduction velocity tests and anesthetic injections may improve diagnostic confi-
dence. Beyond conservative management, more advanced treatment options include 
local injections, neurolysis and neurectomy [44].

 Piriformis Syndrome

Piriformis syndrome is a clinical condition caused by sciatic nerve entrapment that 
presents with reports of pain in the buttock region. It is commonly associated with 
shooting, burning or aching discomfort along the back of the leg that is exacerbated 
by hip movement or prolonged sitting. Additional complaints include numbness in 
the buttock region and tingling along the distribution of the sciatic nerve [45].
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The piriformis muscle originates anterior to the S2 – S4 vertebrae and superior 
margin of the greater sciatic foramen and inserts onto the greater trochanter of the 
femur. Entrapment of the sciatic nerve occurs either anterior to the piriformis mus-
cle or posterior to the gemelli-obturator internus complex around the level of the 
ischial tuberosity [45]. Due to their adjacent proximity, sciatic nerve irritation 
occurs following periods of piriformis muscle overuse, stress or inflammation most 
commonly related to chronically poor body mechanics or an acute injury with force-
ful internal hip rotation. A full list of causes includes [45, 46]:

• Prolonged periods of sitting
• Piriformis muscle hypertrophy
• Trauma to the hip or buttock region
• Anatomic anomalies

 – Bipartite piriformis muscle
 – Sciatic nerve course variations with the most common variation being the 

common fibular nerve branching superior through the piriformis muscle. 
Notably, as much as 75% of the population have variation of connection 
between the two branching nerves – the common fibular nerve and the tibial 
nerve [47]. (See the variations in image)

 – Tumor invasion
 – Inferior gluteal artery aneurysm
 – Abscess formation

• Myofascial trigger points
• Secondary to laminectomy
• Klippel-Trenaunay syndrome
• Myositis ossificans of the piriformis muscle
• Femoral nailing [46]
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The diagnosis of piriformis syndrome, one of exclusion, is based on history and 
clinical presentation [47]. Differential diagnosis includes facet arthropathy, lumbar 
canal stenosis, disc inflammation, herniated disc, lumbar muscle strain, iliac vein 
thrombosis, renal stones and pelvic causes. Diagnostic imaging modalities and 
EMG may be helpful in excluding other conditions, while therapeutic modalities 
that will be discussed below can also serve a diagnostic purpose [45, 46].

Like most causes of soft tissue pain, piriformis syndrome typically responds to 
conservative treatment. Cases refractory to conservative treatment often require 
interventional modalities. Piriformis muscle injections utilizing landmark-based 
technique, with the concomitant use of ultrasound, CT, nerve stimulation or electro-
myography, are common next-step modalities. The injection solution is composed 
of either botulinum toxin or local anesthetic with or without long-acting corticoste-
roid [46]. There is evidence showing no additional benefit with the inclusion of 
corticosteroid to the injectate despite its frequent use [48]. Surgical intervention is 
historically reserved for severe and intractable cases that is refractory to conserva-
tive and less invasive interventional modality, however the introduction of botuli-
num toxin injections has limited to need to pursue surgery [45, 46].

 Referred Pain

Referred pain – back pain referred from a non-spinal source – accounts for approxi-
mately 2% of chronic low back pain and is commonly mistaken for soft tissue pain. 
The causes of referred back pain include gastrointestinal disease (pancreatitis, cho-
lecystitis, penetrating ulcer, colonic diverticulitis), renal disease (nephrolithiasis, 
pyelonephritis, perinephric abscess), diseases of pelvic organs (prostatitis, endome-
triosis, chronic pelvic inflammatory disease), pregnancy and aortic aneurysm [49]. 
Given its innervation from the sciatic, femoral and obturator nerves, the hip joint 
has been identified as a source of potential pain referral. Studies suggest symptom-
atic hip joints refer pain to the buttock in more than 70% of cases [50]. Lower tho-
racic vertebral fractures can also serve as a source of referred lumbosacral pain [51].

 Treatment Guidelines

Given the lack of specific treatment recommendations for the wide range of causes 
of low back pain, current guidelines have pivoted toward grouping treatment modal-
ities based on chronic vs acute and subacute pain.

The vast majority of episodes of acute and subacute low back pain improve over 
time regardless of treatment. Thus, current guidelines recommend initially utilizing 
nonpharmacologic treatment options. Such modalities include massage, acupunc-
ture or spinal manipulation. Should the provider deem pharmacologic therapy indi-
cated, nonsteroidal anti-inflammatory drugs or skeletal muscle relaxants are 
recommended.
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For those suffering from chronic low back pain, current guidelines recommend 
initially selecting nonpharmacologic treatment options that include: exercise, mul-
tidisciplinary rehabilitation, acupuncture, tai chi, yoga, mindfulness-based stress 
reduction, motor control exercise, progressive relaxation, electromyography bio-
feedback, low-level laser therapy, operant therapy, cognitive behavioral therapy or 
spinal manipulation. Should the provider deem pharmacologic therapy indicated, 
nonsteroidal anti-inflammatory drugs are first-line therapy. Second-line pharmaco-
logic therapy includes tramadol or duloxetine. Pursuing opioid-based therapy 
should only be considered for those who have failed prior therapeutic modalities, 
when benefits outweigh the risks and after the patient has been advised on its risks 
and realistic benefits [52].
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7Non Pharmacological Treatments

Renee Enriquez and Isabel Huang

 Introduction

Spine pain can be extremely complex and commonly requires a multimodal treatment 
approach for successful outcomes. Treatment of spine pain can be successful when 
non-invasive therapeutic treatments are utilized. In this chapter, we review common 
non-interventional modalities in the current practice of neck and low back pain. We 
will briefly define the conservative therapeutics and review the efficacy of these treat-
ments to assist you in making informed decisions when formulating a treatment plan. 
First, we will explore the active therapeutics, which can be self- guided, commonly 
supervised exercise program, which also happens to be an integral part of the physical 
therapy program. Then we will discuss passive therapeutics, with much of these treat-
ments requiring a trained professional to assist in its administration. And finally, we 
will explore the psychological treatments used for spine pain, which in fact requires 
equal participation from both the provider and the participant. As for all treatments, 
patient compliance and economic burden must be considered when developing a 
treatment program. Incorporating just one treatment may not sufficiently manage pain 
but utilizing multiple effective modalities could potentially reduce pain to a tolerable 
level so individuals can enjoy an improved quality of life.

 Active Component: Therapeutic Exercise

A formalized physical therapy program generally consists of two components: an 
active component and a passive component. That active component of a physical 
therapy treatment plan is therapeutic exercise. Therapeutic exercise is the 
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self- guided or assisted systematic and planned body movements to strengthen, 
improve endurance and gain flexibility with the goal to ultimately restore normal 
physical functioning and decrease symptoms. Therapeutic exercise is the most 
important part of a physical therapy plan for the treatment of some spinal pain, 
depending on pathology and chronicity. It is also a prescribed self-guided treatment 
plan with hopes that it will not only improve spine pain but help prevent it.

Acute spine pain is generally accepted as pain that is present for 4 weeks or less; 
subacute spine pain is pain lasting from 4 to 12 weeks; and chronic spine pain is 
pain experienced for more than 12 weeks. Therapeutic exercise can be beneficial 
depending on the chronicity of spine pain and location of pain.

 Exercise and Acute Low Back Pain

For acute and subacute low back pain, many patients improve over time without 
any formalized therapeutics and thus a referral to a structured physical therapy 
program may not be warranted for acute pain management. In 2017, the American 
College of Physicians guideline updated current evidence for non-pharmacologic 
treatment options for low back pain based on systematic review [1]. The most 
recent review on exercise treatment for acute or subacute low back pain showed 
there were no difference in pain relief between exercise therapy and no exercise 
therapy [1], regardless of radicular signs. The benefits, if any, were determined 
to be modest and short term [1]. However, some physical activity should be rec-
ommended in the acute and subacute phase. Historically, bed rest was prescribed 
as a treatment for low back pain as recent as 1980 [2]. This recommendation is 
obsolete as current established clinical practice supported by scientific evidence 
is to have patient return to normal activity [3]. Additional recommendations can 
be made for self- management of back pain including education given to the 
patient about self-guided exercises [4]. It is also worth noting that although there 
may not be strong evidence to recommend a supervised exercise program for 
acute low back pain, for those who received therapy, there were no reports of 
serious adverse events [1].

 Exercise and Acute Neck Pain

There is a lack of strong evidence to support recommending a formalized therapeu-
tic exercise program in the setting of acute neck pain, regardless of cause. However, 
clinical practice guidelines recommend self-guided exercise for the management of 
neck pain, including whiplash associated neck pain [5]. A Cochrane Database 
Systematic Review on exercises for mechanical neck disorders found no evidence 
to support exercise only for acute neck pain [6]. However, a systematic review of 
exercise for neck pain provided by the Ontario Protocol for Traffic Injury 
Management Collaboration (OPTIMa) did note some benefit of home exercise in 
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acute neck pain without radicular symptoms, although it did not prove superior to 
multi-modal manual therapy or medications [7, 8]. In regards to acute neck pain 
with neurologic signs, OPTIMa did find that there is evidence supporting a super-
vised graded strengthening exercise program compared to a home exercise program 
but not superior to other interventions, including a treatment with a cervical collar 
and rest [7, 9]. Clinical Practice Guidelines for Neck Pain as per the American 
Physical Therapy Association did recommend a formalized physical therapy pro-
gram with exercise for acute neck pain with moderate evidence to support these 
findings [10]. The types of exercise vary, from home exercise program instruction to 
assisted exercises, but it is supported with moderate evidence for acute neck pain 
with mobility deficits, associated with whiplash, headaches, and/or radiating pain 
[10]. A systematic review on preventative exercise therapy for neck pain in office 
workers revealed there was strong evidence for muscle strengthening and endurance 
exercise for treating neck pain and reducing disability attributed to neck pain [11]. 
Again, it should be noted that with many of the above recommendations, the exer-
cises are coupled with a multimodal approach, and the recommendations are incon-
sistent. Thus, an exercise program in the acute neck pain with and without neurologic 
signs can be prescribed as a formal therapy program or self-administered program 
prescribed with education. But other treatment options are available and are shown 
to be just as effective for neck pain treatments.

 Exercise and Chronic Spine Pain

There is a general consensus that exercise should be prescribed for chronic low back 
pain and neck pain. It is a first line treatment, especially in chronic low back pain, 
and is recommended in all current clinical practice guidelines [12]. Exercise therapy 
improves not only pain but overall function with those suffering from chronic low 
back pain. Although not completely understood, the effects of exercise are likely 
multi-faceted, by improving neurologic, psychologic and musculoskeletal function, 
which are supported by numerous animal and human studies. It is in the type of 
exercise, formal or informal, that guidelines vary extensively.

Current clinical guidelines by various medical organizations endorse the use of 
exercise in chronic low back pain. The recent clinical practice guideline from the 
American College of Physicians based on a large systematic review study showed 
moderate evidence that exercise resulted in a small improvement in pain relief and 
function when compared to the no exercise group [1]. There were no clear differ-
ences between different exercise regimens in more the 20 randomized control 
studies in patients with low back pain [1]. These exercise routines that were 
reviewed included Pilates, Tai chi, yoga, motor control exercises, and will be dis-
cussed further in the chapter. Choice for the type of non-therapeutic exercise 
should be patient dependent and preference [12]. The recommendations overall 
for those with chronic low back pain should include non-pharmacologic therapeu-
tics, including exercise; however, if inadequate, pharmacotherapy should be 
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initiated [1]. Prior reviews have also concluded that there is no single exercise 
technique or program that has proven beneficial to another for patients with sub-
acute and chronic low back pain [13].

There is plenty of evidence that walking and aerobic exercise, amongst others are 
effective in reducing low back pain. In a 2015 meta-analysis of 26 studies, there 
were clinically significant improvements in low back pain and function at 12 months 
with walking [14]. However, when compared to other types of exercise, outcomes 
were similar to other exercises and combining exercise with walking did not improve 
outcomes [15]. Similar findings were noted with aerobic exercise as being an effec-
tive activity to decrease symptoms of low back pain [16].

For chronic low back pain with radiculopathy, recommendations vary based on 
clinical guidelines. Passive therapies, including spinal manipulation, acupuncture 
and/or massage are generally not endorsed [7]. However, others have endorsed the 
use of exercise and spinal manipulation [17], which will be reviewed later in the 
chapter.

Chronic neck pain also responds well to exercise, either alone or when coupled 
with other therapeutics. As per the Clinical Practice Guidelines of the American 
Physical Therapy Association, physical therapy incorporating exercise as well as 
therapeutics have shown moderate benefit in improving patients’ neck pain with 
mobility deficits and chronic neck pain with headache [10]. For patients with 
chronic neck pain associated with movement coordination impairments, including 
whiplash associated disorders, recommendations were to continue patient educa-
tion, mobilization exercises, and TENS unit. However, neck pain due to whiplash 
associated disorders responds better during the acute phase, which is supported with 
moderate level evidence [10]. These exercise recommendations are for a formal 
therapy program and usually coupled with other modalities.

Supervised exercise alone is also beneficial for chronic neck pain with associated 
disorders. At least three randomized control trials suggested the supervised Qigong 
exercise was more effective than no treatment in reducing neck pain and disability 
for chronic neck pain without neurologic signs [7]. When comparing between types 
of supervised exercise, the Qi gong group versus general exercise sessions consist-
ing of improving range of motion, strengthening, and flexibility, there was no clini-
cal significance in the difference in outcomes [7, 18]. Supervised Yoga was also 
proven to be more beneficial than education and home exercise for short-term 
improvement of pain [7]. When combining a standardized program of strengthen-
ing, range of motion and flexibility exercises under direct guidance from a profes-
sional, again there is moderate evidence showing improvement in reduction of pain 
and disability [7] when compared to no intervention.

Self-directed exercise or unsupervised exercise has not been shown to be as ben-
eficial for those with chronic neck pain, regardless of radicular signs or headaches 
[6, 7]. An updated systematic review of exercises in neck pain did not find high 
quality evidence to support exercises for home exercise program and no substantial 
evidence to support a stretching only exercise program for neck pain [6].
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 Exercise and Prevention of Spine Pain

Clinical practice guidelines in multiple specialties do strongly support therapeutic 
exercise alone as a treatment plan for spine pain, however, there is strong evidence 
supporting its incorporation of within a multimodal treatment plan. Not only can 
therapeutic exercises improve spine pain, there is also evidence that it can be effec-
tive in regards to prevention of spine pain.

For low back pain, exercise can be effective in preventing low back pain [19]. A 
meta-analysis in 2016 showed moderate level evidence for the use of exercise with 
or without education in the prevention of low back pain [20]. Shiri R, et al. in a 2017 
meta-analysis with 13 randomized controlled trials and three non-randomized con-
trol trials found that exercise reduced risk of developing low back pain by 33 per-
cent [21]. In addition, a meta-analysis review of 9 observational studies demonstrating 
post-treatment exercises consisting of strengthening and flexibility was more effec-
tive in reducing low back pain recurrence at one year than with no intervention [22].

Exercise has also been shown to have a benefit for preventing neck pain, mostly 
studied in office workers. There is moderate evidence to support the use of exercise 
to reduce the risk of new episodes of neck pain as per meta-analysis in 2018 by de 
Campos [23]. Two randomized, controlled trials of 500 participants found moderate 
quality evidence that exercise reduces the risk of recurrent neck pain [23]. Even a 
daily walking program has been shown to be effective in reducing neck pain [24]. A 
6-month prospective cluster-randomized control trial enrolled high-risk office 
workers and randomized them to a walking program or a control group [24]. Once 
adjusted for confounding factors, a statistically significant preventative effect on 
neck pain was observed in the walking intervention group [24].

 Exercise Based Exercises for Spine Pain

Overall, clinical recommendations guidelines support the use of physical activity 
and most exercise programs for treatment of spine pain. This might be related to the 
similar positive effects that all movement-guided treatments have on a body’s neu-
rologic or inflammatory system. There are also psychological benefits with exer-
cise. Exercise upregulates neurotrophins, lowers cortisol levels and increases 
serotonin and norepinephrine levels, and improves oxygenation saturation and 
angiogenesis in the brain [25]. Finally, there is evidence suggesting that physical 
activity and exercise intervention have few adverse events that may reduce pain 
severity, improve physical function, and as a consequent, increase quality of 
life [26].

Without high level evidence that one particular exercise program is more benefi-
cial than another, prescribing an exercise program should be individualized to the 
patient, taking into consideration their physical capabilities, preferences and avail-
able social and financial resources.
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 Walking

Frequently prescribed exercises with the least number of barriers to participation is 
aerobic activity, such as walking. Walking is known to decrease various forms of 
musculoskeletal pain. A meta-analysis in 2015 showed walking improved pain and 
function in low back pain and function at 12 months [14]. A walking program has 
also been shown to be effective in preventing neck pain [24]. A prescribed walking 
program will vary depending on a person’s physical conditioning, but most experts 
agree that depending on your current fitness level, an increase in pace and time 
should occur slowly. There is no one specific walking program that is proven to be 
superior to others, although there are many resources and guidelines provided by 
government health agencies and nationally recognized medical agencies that are 
easily accessible online, including sample walking programs available through the 
National Institutes of Health and the American College of Sports Medicine [27, 28].

 Aerobic Exercise

Aerobic exercise also includes bicycling, swimming, and elliptical training. Without 
high level of evidence to endorse one activity over another, a 2015 meta-analysis of 
eight cohort studies examining aerobic exercise and back pain showed a significant 
reduction in Roland-Morris Disability Questionnaire, Oswestry Disability 
Questionnaire, Hospital Anxiety and Depression Scale, and McGill Pain 
Questionnaire after aerobic exercise, indicating that aerobic exercise reduces back 
pain and disability of those with chronic low back pain [16].

 Stretching Exercise

There are a wide variety of stretching exercises that prove to be modestly helpful in 
improving back pain when incorporated in a stretching program, although there are 
no recent systematic reviews providing high quality evidence to suggest stretching 
alone is beneficial in improving back pain. There is some evidence that Slump 
stretching may have a positive effect on people with low back pain demonstrated in 
a recent 2018 meta-analysis [29]. Slump stretching is an adaptive treatment maneu-
ver based on the slump test, which is a diagnostic test to help differentiate radicular 
vs non-radicular mediated pain. The maneuvers are thought to reduce edema and 
hypoxia around the injured neuronal structures [29]. The review of slump stretching 
on low back pain, including 12 eligible studies with 515 patients with short-term 
follow up, did reveal a large effect size and significant effect with the use of slump 
stretching to reduce low back pain and disability improvement, although the evi-
dence was considered of low to moderate quality [29].

A stretching program has been beneficial in reducing chronic non radicular 
neck pain and disability associated with chronic neck pain; however, the evidence 
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is supported when stretching was combined with supervised strengthening, range-
of- motion, and flexibility exercises [7]. This is consistent with the American 
Physical Therapy Association Guidelines recommending stretching exercise pro-
gram coupled with a multimodal treatment plan that is supported by moderate and 
low level evidence for acute and chronic neck pain with and without neurologic 
findings [10].

 Pilates

Pilates was created by Joseph Pilates, German citizen during the first World War. He 
attached bed springs to the hospital bed to support and strengthen the limbs, which 
was the early version of the “reformer”, a principal piece of equipment in Pilates for 
performing instructor trained exercises [30]. When he emigrated to the US in the 
early 1920s, Pilates continued to teach this method which focuses on the primary 
principles of breathing, controlled whole body movement with core strengthening 
and flow of movement outward to the limbs [16]. A recent systematic review in 
2018 endorsed the benefits of Pilates [31]. The review included 23 studies, which 
did show Pilates to be an effective rehabilitation tool for reducing pain and disabil-
ity [31]. However, it has similar efficacy to other exercise regimens for the treatment 
of low back pain [32]. Pilates was no more effective than other exercise treatments 
for chronic low back pain as per another systematic review in 2015, which included 
29 studies [32]. There are multitudes of studies that show no evidence to low quality 
evidence for the reduction in pain with Pilates. Thus, the Clinical Guidelines 
Recommendations for Noninvasive Treatments of Chronic Low Back pain provided 
by the American College with Pilates does not directly recommend solely Pilates, 
but is recommended as a form of exercise due to the mild effects on chronic back 
pain [1]. Pilates is considered an effective exercise to help reduce chronic low back 
pain, however, no more superior than other exercise programs.

 Yoga

Yoga is a physical, mental and spiritual practice that originated in India some 
3000–5000 years B.C. It is a popular form of exercise and meditation throughout 
the world and has evolved to different styles and forms, thus making adaptable to all 
levels of expertise and physical functioning. It has been a common exercise that 
providers recommend for treatment of back pain, but like many self-guided and 
supervised exercises, there are no high level evidence studies to support that Yoga is 
superior to other exercises, especially as a form of treatment for chronic low back 
pain. A recent Cochrane review showed slight functional improvement and pain in 
non-specific back pain, although there were reports of increased pain with Yoga 
when compared to non-exercise control groups [33]. And when compared to other 
non-yoga exercises, Yoga was not more effective in treatment for low back pain.
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Neck pain can also be treated with yoga with low level evidence showing a sig-
nificant improvement in symptoms. A 2019 meta-analysis on the effects of Yoga in 
patients with chronic, non-specific neck pain consisting of 10 trials and 686 partici-
pants showed a positive effect on neck pain intensity, pain-related functional dis-
ability, cervical range of motion, mood and quality of life [34]. Yoga was superior 
to exercise for improving cervical range of motion, although the evidence was lim-
ited [34].

 Tai Chi

Tai chi originated in ancient China as a self-defense technique that has evolved into 
a graceful form of exercise. It consists of self-paced, slow but constant movements 
performed in a focused manner that allows for gentle exercise and stretching. Tai chi 
is commonly prescribed for elderly patients since it is low impact and considered 
relatively safe for most if not all fitness levels.

Although the practice is usually performed in a standing position, it can also be 
performed in a sitting position for those who have functional and balance impair-
ments. Tai chi can also improve balance and thus one can progress from seated to 
standing practice since tai chi has been shown to reduce elderly falls in the com-
munity. A 2017 systematic review found that Tai Chi lead to a decreased risk of falls 
in the elderly [35]. It is currently endorsed as a preventative exercise for the elderly 
to reduce falls by the United States Department of Health and Human Services and 
the English National Health Service. Furthermore, a randomized control trial in 
2018 by Li and colleagues compared effects of tai chi/qigong to multimodal exer-
cise intervention in preventing falls in the community dwelling high-risk elderly. 
The study consisted of 670 participants that were delegated to 3 exercise groups of 
either tai chi/qigong, multimodal standard exercises consisting weight training, 
aerobics and stretching, or stretching exercises alone. The tai chi/qigong group 
showed lower incidence of falls compared to the other groups and showed improved 
cognitive functioning as well as physical performance function scores when com-
pared to stretching alone [36]. Thus, there is evidence to support the use of tai chi 
for balance, but tai chi has also shown some benefit in treating spine pain.

Not only does tai chi show evidence for improving balance, there is also moder-
ate evidence that tai chi can be effective in reduction in pain and disability in chronic 
nonspecific back pain [37]. A randomized control trial with sample size of 160 
compared tai chi to non-treatment for patients with chronic non-specific back pain. 
Although the results were only assessed immediately post-treatment, there was a 
statistically significant decrease in pain and disability in the tai chi group [38]. A 
2017 systematic review for an American College of Physicians Clinical Practice 
Guidelines included 2 fair quality randomized control trials that showed partici-
pants in the tai chi group had great improvement in function when compared to 
waitlist or no treatment [39].
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Non-specific neck pain can potentially improve with tai chi although there is less 
supportive data to support its use. The systematic review by Yuan Q and colleagues 
reviewing traditional Chinese medicine for neck and back pain did not find any 
randomized controlled trials in regards to tai chi based on their criteria [37]. There 
is a randomized control trial on the effects of tai chi and neck exercises for the treat-
ment of chronic neck pain. Lauche and colleagues [40] assigned 114 participants 
with non-specific neck pain into a 12-week treatment plan of tai chi, neck exercises 
or waitlist. After 12 weeks, tai chi participants exhibited a significant decrease in 
pain in comparison to the waitlist group [40]. Tai chi group also had improvement 
in functional disability and quality of life, and overall tai chi was thought to be more 
effective in relieving non-specific neck pain. Despite these promising findings, the 
authors concluded that tai chi was no more effective than conventional exercises for 
neck pain in this study [40].

 Qigong

Qigong is a focused breathing and meditation practice coupled with coordinated 
body posture and movement that improves health and spirituality and is also incor-
porated in martial arts training. It is similar to tai chi in that they are both ancient 
Chinese practices focusing on mind and body. Its purpose is to increase and restore 
the flow of qi energy and regain balance, which promotes good health [41]. It has 
the potential to be helpful in neck pain but has not proven superior to other exercises 
programs when compared in quality studies. There appears to be less evidence to 
support its benefit in reducing low back pain, at least when compared to studies 
focusing on benefit of the therapeutic for neck pain.

The systematic review of traditional Chinese medicine incorporated two ran-
domized controlled studies comparing Qigong and waitlist/no treatment for neck 
pain and showed pain improvement in the treatment group, with moderate evidence 
to support. But comparing Qigong to exercise showed no difference in the short- 
term and intermediate term, suggesting that it is not superior to other treatments for 
neck pain [37]. In vonTrott P et al. randomized control study demonstrated clini-
cally important reductions in neck pain at 3 months compared to waitlist group and 
at 6 months when compared to seated qigong and a waitlist group; however, no 
clinically important differences were noted between the qigong group and super-
vised exercise group [42].

 Physical Therapy

Physical therapy (PT) is a major component to a multidisciplinary, multimodal non- 
interventional treatment plan of spine pain. The primary portion of therapy is the 
active component with supervised therapeutic exercise. Many different physical 
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therapy programs developed with changes in their approach to exercise. There is 
good evidence supporting most exercise programs as successful treatments of pain, 
although there is variability in the evidence supporting one program over another.

The Merriam Webster dictionary defines physical therapy as an, “[intervention] 
for the preservation, enhancement, or restoration of movement and physical func-
tion impaired or threatened by disease, injury, or disability that utilizes therapeutic 
exercise, physical modalities, assistive devices, and patient education and training” 
[43]. Physical therapy was officially brought into existence in 1813 by Per Henrik 
Ling, known as the “father of Swedish gymnastics”, where he founded the royal 
Central Institute of Gymnastics for massage, manipulation and exercise [44]. The 
term physiotherapy was first presented to the English-speaking world to the general 
population in the second edition of the Oxford English Dictionary in 1905. However, 
the term was used as early as 1894 by Dr. Edward Playter of Canada during a pre-
sentation and later published an article stating the importance of natural remedies 
such as food, clothing, rest, exercise, and massage, may be considered natural thera-
peutics, or “physiotherapy” [45]. The field of physical therapy subsequently pro-
gressed in the early 1900’s during the polio epidemic with passive range of motion 
treatments being utilized, as well as the use of modalities administered in a struc-
tured medical program [44]. The use of “natural therapeutics” flourished in the US 
with its involvement in World War I and II due the increasing needs to treat chroni-
cally injured soldiers.

The field has since flourished to be a part of an accepted treatment approach 
prescribed by physicians and providers conservatively treating musculoskeletal dis-
eases, pathology, and symptoms, including spine pain. Currently, there are 223,751 
licensed physical therapists in US [46], many focusing on the rehabilitation of those 
with spine pain in light of the high prevalence of back and neck pain in the US. The 
majority of pain-related PT guidelines are for pain associated with spinal pathology 
[47]. The following sections will examine the elements of physical therapeutics 
provided by therapists either actively or passively, as well as review its efficacy in 
the treatment of neck and low back pain.

 Physical Therapist Lead Exercise Programs

Professional or supervised exercise is a major component to physical therapy. As 
noted earlier in the chapter, exercise can be beneficial for reducing spine pain, but 
evidence shows that supervised exercise is superior in the treatment of chronic ail-
ments afflicting the neck and back. The benefit of a guided exercise treatment plan 
is the one-on-one supervision with a professional to motivate, teach, and help pre-
vent injury. There is also a passive component to physical therapy, which allows the 
therapist to reduce pain and improve function with modalities, many of which can 
augment the effects of pain reduction provided by the exercise. Those modalities 
and treatments will be discussed later in the chapter. Although not an exhaustive list, 
we will review review supervised exercise and stretching programs frequently pre-
scribed by spine providers and administered by certified physical therapists.
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 Types of PT Programs

 McKenzie Therapy
The McKenzie Method of Mechanical Diagnosis and Therapy (MDT) is a classifi-
cation system and popular treatment approach for spine pain. The McKenzie method 
was developed by a physiotherapist named Robin McKenzie from New Zealand. In 
the 1960s, Robin McKenzie developed a diagnosis and management approach for 
spine pain that involves centralization of pain. Due to the popularity of his program, 
Robin McKenzie created the McKenzie Institute International in 1981. The institute 
certifies other physical therapist as an official McKenzie certified therapist if they 
have completed the required training certification [48].

McKenzie exercises are generally thought of as spinal extension exercises; how-
ever, this is not the primary mechanism for treatment. Instead, MDT is a standard-
ized approach to both the assessment, classification, treatment and prevention of 
low back pain with or without radicular pain. MDT focuses its treatment on self-
treatment strategies, and minimizes manual therapy procedures with the McKenzie-
trained therapist who instead supports the patient with passive procedures. McKenzie 
organization state that self-treatment is the best way to achieve a lasting improve-
ment of back pain [48].

The initial approach of the program is to classify the patient into 3, or potentially 
4 groups of disorders: derangement, dysfunction, postural, or other. It is through 
this classification that the therapist determines treatment. One of the most common 
groups is the derangement group, which refers to pain that is caused by disruption 
of the normal anatomical position of the spine. The repeated maneuvers in one 
direction cause a production of symptoms or distal migration of symptoms that is 
sub optimal or pathologic. It is the opposite of that maneuver, or the one direction 
of repeated maneuvers, which decreases the referred symptoms or centralizes it. 
This maneuver is a clinically induced directional preference of the patient and the 
target of the therapist [49]. The most common directional preference that results in 
centralization is extension of the back, and why the MDT is considered a spine 
extension program. The presence of centralization itself has shown to be a good 
prognosis for patients with low back pain, and when obtained through an appropri-
ate MDT program, there are improvements in patient outcomes [50]. It is generally 
accepted that the current assessment model for classifying patients with low back 
pain has demonstrated good inter-examiner reliability on previous studies, but evi-
dence for treatment effectiveness for back and neck pain is limited [51].

A recent literature review and meta-analysis in 2018 examined the McKenzie 
program for the treatment of acute and chronic low back pain [51]. For acute low 
back pain, 3 RCT were included and there was good quality evidence showing 
MDT was not clinically superior to other exercise interventions or just education for 
the treatment of acute LBP [51]. However, the same review found moderate to 
high – quality evidence that MDT was superior to other rehabilitation interventions 
in reducing pain and disability for chronic low back pain [51]. A 2012 systematic 
review found that lumbar centralization was associated with a better recovery prog-
nosis in terms of pain, short- and long-term disability, and the decreased likelihood 
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of undergoing surgery in the following year [52]. A more recent systematic review 
compared MDT to manual therapy for the treatment of low back pain [53]. It did 
find that McKenzie method fared better in pain outcomes in the short term and dis-
ability measures in the long term, but acknowledged that the evidence is low quality 
due to limitations, which included the 5 RCT with small sample sizes [53].

In regards to MDT and acute or chronic neck pain, a systematic review of effi-
cacy of McKenzie therapy for spine pain determined that there is insufficient data 
available on the efficacy of MDT for neck pain, regardless of chronicity [54]. 
Another systematic review examining the reliability of the classification system in 
MDT found that there is limited data to determine the inter-rated reliability of the 
MDT classification system for neck and thoracic spine pain [55]. There was also 
limited evidence for identifying directional preference in patients with neck pain 
[55], which will ultimately have an impact on the diagnostic component of MDT 
and subsequently the treatment plan.

 Movement Control
• Movement control exercises (MCE).

Non-specific back pain may be as a result of movement impairment and abnormal 
spinal alignment. This leads to trauma to tissues due to improper tissue loading [56]. 
The repetition of altered alignments and movements result in localized tissue stress 
and continuous nociceptive irritability [57]. The proposed mechanism of pain is 
called movement control impairment [58]. The therapeutic approach to treat this 
impairment is called movement control exercises [58] also known as Spinal 
Stabilization. Therapists treating those thought to have movement control impair-
ments aim to restore movement, correct movement patterns and avoid postural pat-
terns provoking pain. Most of the motor control exercises focus on muscle 
recruitment patterns and retrain the movement of muscles to an optimal pattern in a 
progressive manner [59]. Another term that has been used interchangeably is motor 
control exercise [60]; however, motor control exercise is disputed in the literature as 
different exercise when compared to movement control exercise [58]. Although the 
difference might appear to be minor, motor control exercises focus on individual 
muscles, whereas, movement control exercises and interventions focus on deep 
trunk musculature as a whole with strengthening in a more coordinated manner 
[58]. Regardless of the differences, the goal of treatment is to improve back pain by 
focusing on activation, coordination and control of pelvic, core and deep spinal 
musculature. There have also been variations of these exercises overtime, although 
no one approach has been shown to be superior versus another.

This therapeutic approach is very popular and commonly prescribed by physi-
cians and other medical providers for the treatment of non-specific low back pain. A 
Cochrane Review study in 2016, which included 29 randomized control trials with 
a total of 2431 participants, evaluated the effectiveness of motor control exercise in 
patients with non-specific low back pain [61]. When compared to minimal interven-
tion, there was low to moderate quality evidence that pain was improved at short, 
intermediate and long-term follow up [61]. There is low quality of evidence that 
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motor control exercises have more of a clinical effect compared to exercise with or 
without modalities [61]. There is also moderate to high quality evidence that motor 
control exercises provide similar outcomes to manual therapies [61].

The most recent systematic review in 2018 by Luomajoki et  al. reviewed the 
benefit of motor control exercise on patients with non-specific back pain [58]. The 
study included 11 randomized control trials with total of 781 participants receiving 
movement control exercises versus variable control groups. The authors claimed 
that the effect of motor control exercise treatment on disability was improved at 
12 months but there was no difference in pain after 12 months [58]. The quality of 
the evidence was very low to moderate [19] and part of this could be due to the 
heterogeneity of the studies included and small samples sizes in the selected stud-
ies [58].

Although limited studies exist, there appears to be a benefit of motor control 
exercises combined with education, including cognitive functional therapy, for 
treatment of chronic back pain [57]. This will be discussed later in the chapter.

 Williams Flexion
Williams Flexion Exercise (WFE) or Williams Lumbar Flexion Exercise is a thera-
peutic exercise program that focuses on enhancement of lumbar flexion and 
strengthening of the core and pelvic muscles. It was created by an orthopedic sur-
geon, Dr. Eugene Regen, in the 1930s. It was as a form of non-surgical spine care, 
mostly targeted at men younger than 50 and women younger than 40 [62]. He pro-
posed that those with hyperlordosis of the lumbar spine leads to increase pain and 
pathology and flexion mediated exercises would reduce pressure on the posterior 
elements of the spine and relieve pain by correcting the mal-alignment [63]. WFE is 
considered a flexion based exercise program, contradictory to the McKenzie exten-
sion approach, although both programs do not solely rely on one positional direc-
tion for pain when individualized for the patient and pathology. A small preliminary 
study compared MDT with WFE in 1984 for the treatment of low back pain. The 
MDT group had better outcomes, including improvements in low back pain and 
pain-free range of motion, although the quality of evidence of the study was low 
[63]. In 1991, another study comparing the effects of spinal flexion exercises to 
spinal extension exercises on patients with low-back pain showed no difference in 
low back pain severity [64]. Another prospective RCT comparing the effects of 
flexion and extension back exercises among soldiers with acute low back pain again 
found no difference between the groups [65].

Overall, there is limited data or systematic reviews evaluating WFE, although the 
principals of the treatment are still used by therapists today.

 Back School
Back schools are educational and training programs provided for treating and pre-
venting spine pain and injuries. Back school classes are commonly taught by thera-
pists within the occupational health care setting. It was implemented in 1969 with a 
target population of those at risk for injury to the low back, those with non-specific 
back pain, intermittent acute or chronic back pain, and post-surgical patients [66]. 
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There are multiple back schools, with multiple educational methods and different 
exercises, but most tend to follow a typical content and structure. They discuss back 
anatomy, common musculoskeletal disorders, the adverse effects of mechanical 
strain and poor positioning, the need for exercising and strengthening the back and 
core with practical applications.

A Cochrane review in 2004 demonstrated moderate evidence supporting the ben-
efit of back schools, particularly in the occupational setting, with reduction of pain 
and improved function and return to work status when compared to other therapeu-
tic treatments [67]. However, a systematic review and meta-analysis in 2016 evalu-
ating back schools for the treatment of chronic low back pain refuted those claims 
and found that the evidence in support for the use of back schools for treatment of 
low back pain was weak [66]. A more recent Cochrane review published in 2017 
examining back school for the treatment of chronic low back pain reinforced the 
prior review in 2016. The review included 30 trials with 4105 participants compar-
ing back school to no treatment, medical care, passive physiotherapy, or exercise 
therapy. The meta-analysis showed minimal to no difference in efficacy to favor 
back school [68]. In fact, at long-term follow-up, low quality evidence suggested 
that the passive physiotherapy was better than back school [19, 68].

 Passive Component: Manipulation and Modalities

Besides a supervised exercise program, physical therapists incorporate other com-
ponents into their comprehensive treatment plan. There is manual therapy and 
manipulation, which is also provided by other specialties, including chiropractors 
and doctors of osteopathic medicine. Therapeutic modalities are another major 
component to the treatment plan. Therapeutic modalities utilize thermal, mechani-
cal, and light energies to decrease pain, improve range of motion, tissue healing, and 
muscle activation [69]. These passive therapies, when provided by a trained profes-
sional, may improve short- and long-term outcomes for spine pain.

There is a difference between physical therapy manipulation and chiropractic 
manipulation but that is beyond the scope of this discussion. Similar principals 
within the two practices are applicable to this discussion and thus a differentiation 
of such treatments is not necessary in this section.

 Mobilization and Manipulation

Manipulation is a passive technique where the provider applies a specific directed 
manual force to a joint at or near the end of its passive range of motion. A common 
feature that patients note is a “crack” or “pop” within the joint. That pop is thought 
to be secondary to cavitation, where gas bubbles that have formed in the joints are 
released via manipulation [70]. The physiological effects of spinal manipulation are 
thought to be caused by the changes on the inflow of sensory information to the 
central nervous system [71]. Specifically for low back pain and associated 
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diagnoses, it is believed that it impacts primary afferent neurons from paraspinal 
tissues, motor control and pain processing [71]. When the participant is evaluated 
and deemed appropriate by the therapist, manipulation can be an effective for both 
acute and chronic neck and back pain.

In acute and subacute neck pain with and without mobility impairments and 
without neurologic signs, the Clinical Practical Guidelines for Neck Pain recom-
mend thoracic spinal manipulation with moderate level of evidence to support [10]. 
For chronic neck pain with and without neurologic deficits, cervical and thoracic 
manipulation is recommended, which is supported by moderate level evidence [10]. 
For subacute and chronic neck pain with headache, cervical manipulation is sup-
ported. These guidelines are based on multiple studies, including the Cochrane 
review of cervical and thoracic manipulation and mobilization for neck pain to 
assess if it improves clinical outcomes in patients with acute, subacute or chronic 
pain [72]. 51 trials were included, with a total of 2920 participants. Measures of 
improvement were based on pain, function and disability, patient satisfaction, qual-
ity of life and global perceived effect in adults. The review demonstrated with mod-
erate quality evidence that manipulation and mobilization both provided 
improvement in pain, function and satisfaction for sub-acute and chronic neck pain 
at short term and intermediate follow up [72]. There is low quality evidence that 
manipulation versus control provided intermediate and short-term relief of acute or 
chronic pain [72]. Another systematic review demonstrated a superior benefit when 
manipulation is used in conjunction with other treatments [73].

Spinal manipulation has shown similar benefits in acute low back pain and supe-
rior benefits with chronic low back pain. A Cochrane review in 2012 showed that 
spinal manipulative therapy was no more effective in acute low back pain than other 
recommended therapies [74]. The same author later updated the review with high- 
quality evidence suggesting that there is no clinically relevant difference between 
spinal manipulative therapy and other interventions with pain reduction and func-
tional status in those with chronic low back pain [75]. A more recent systematic 
review and meta-analysis (2018) of the benefits, including efficacy, effectiveness, 
and safety of various manipulation therapies for treatment of low back pain proved 
supportive of these measures for treatment [76]. There were 9 trials with 1176 par-
ticipants, and mobilization and manipulation were compared to other active thera-
pies [76]. Seven out of the nine trials demonstrated a decrease in disability at a 
clinically significant level. Subgroup analysis showed mobilization versus other 
treatment was superior in decreasing pain, where a subgroup analysis of manipula-
tion showed a statistically significant decrease in pain and disability. There was 
moderate quality evidence that manipulation and mobilization can reduce pain and 
improve function in those with low back pain [76]. Both manipulation and mobili-
zation were deemed safe treatment options.

 Massage
Therapeutic massage is defined as manipulation of soft tissue to improve upon an 
individual’s well-being. There are various forms of massage techniques. Effleurage 
incorporates gliding strokes along the muscle. Petrissage involves pressure or 
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kneading over the muscle. Friction involves quick movements to generate warmth 
on the muscles. Tapotement involves rhythmic tapping on the body to stimulate the 
muscles. Vibration involves rhythmic quick movements over skin. Stretching either 
active or passive, and muscle energy techniques where the patient is asked to move 
against the provider can be incorporated. Reflexology is yet another form of mas-
sage technique which focuses on putting pressure on areas of feet and hands, which 
per reflexology theory corresponds to the body. Pressure on the feet and hand is 
thought to bring healing to the corresponding region of the body [77]. Additionally, 
fascia, which is a thin connective tissue that surrounds muscles, can be released 
utilizing fascia release techniques.

Per the Cochrane Review where 25 trials were reviewed in a total of 3096 partici-
pants suffering from non-specific low back pain. One low quality study with only 51 
participants indicated massage was not better than inactive controls. For sub-acute 
and chronic low back pain, the evidence was unclear whether or not massage was 
better than active control. The 2015 Cochrane reviewed 12 new randomized control 
trials of massage for low back pain that indicated there is very little confidence that 
massage was able to effectively treat low back pain. For acute low back pain, mas-
sage did seem to help with short-term pain but did not seem to improve function. 
For sub-acute and chronic low back pain the improvements noted in pain and func-
tion appeared solely short-term when compared to inactive controls. Generally, 
studies reviewed in the 2015 Cochrane review were deemed as “low” to “very low” 
quality of evidence which differed from the prior 2008 Cochrane Review which 
noted that the studies reviewed at that time was “moderate” in quality and findings 
indicated more positive results for massage therapy. Difficulties with blinding stud-
ies was the biggest barrier to producing studies with strong methodologies. Amongst 
the studies reviewed, there were also a large number of differing massage tech-
niques [78].

In regards to neck pain, Cochrane Review in 2012 reviewing 15 trials was incon-
clusive for managing neck pain but as a stand alone treatment massage was noted to 
provide short-term relief for pain. The studies that were reviewed had methodology 
that was low grade and just as the Cochrane reviews for low back pain, the trials 
generally did not adequately describe the massage techniques utilized. One study 
indicated that nearly one-fourth of the participants noted low blood pressure after 
the treatments [79].

Although it is unclear from studies whether or not massage has been helpful for 
low back pain, one can consider utilizing this modality to treat neck or back pain 
especially since there are very minimal adverse events associated with massage.

 Passive Therapeutics

Therapeutic modalities, also called biophysical agents [80], have long been an 
approach to physical therapy and rehabilitation. The modalities use various forms of 
energy, including the following: mechanical, like traction and compression; ther-
mal, like heat and cold; and electromagnetic, like electrotherapy, diathermy, 
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ultraviolet, and infrared light. They provide therapeutic benefits with minimal par-
ticipation of the patient. There are multiple benefits for healing and recovery, includ-
ing wound, soft tissue and muscle recovery after injury or surgery, pain modulation, 
decrease inflammation, improve connective tissue extensibility, improve circulation 
and tissue perfusion [80]. Although most modalities expose patients to a low risk of 
adverse events, the following conditions should be considered a contraindication or 
at minimum a precaution for utilization of many modalities including: acute deep 
vein thrombosis or thrombophlebitis, hemorrhagic conditions, impaired sensation, 
impaired cognition, electrical implants, pregnancy, and malignancy [80]. Overall, 
modalities are an accepted part of a multimodal treatment plan used for spine pain, 
and thus, the most common modalities used for spine pain will be discussed below. 
Again, this is not an exhaustive list and includes the modalities that are utilized 
frequently and its efficacy has been studied extensively.

 Thermal Modalities
Cryotherapy is the use of cold for a therapeutic benefit by lowering tissue tempera-
ture. It decreases tissue metabolism and blood flow and is commonly used for acute 
injuries with bleeding and rapid inflammation, which reduces bleeding and swell-
ing. Cold also reduces pain by desensitizing peripheral afferent nerve endings [81], 
which is beneficial in an acute or chronic injury or pain state. It can be applied 
through many vehicles, and is a considered first line treatment option for acute 
injuries.

Thermotherapy is superficial heat that is conveyed through conduction or con-
vection. It has similar benefits as superficial cold but it does so by opposite mecha-
nisms. It increases tissue temperature and blood flow, facilitating tissue healing, and 
relaxes skeletal muscles thereby decreasing spasm and pain. It is also applied 
through multiple vectors and has been thought of as a first line modality for 
chronic pain.

In regards to the benefit of either thermotherapy or cryotherapy for treatment of 
neck and back pain, there have been conflicting recommendations from national 
medical organizations. A Cochrane review in 2009 concluded that the evidence is 
limited to support the use of superficial heat and cold for low back pain [82]. One 
study showed heat wraps moderately improved pain relief and disability for low 
back pain in the short term compared to placebo, which was supported with moder-
ate quality evidence [82]. Another study show low quality evidence that a heat wrap 
provided effective relief compared to ibuprofen and Tylenol after 1 to 2 days [83]. 
Another low-level study showed that heat and exercise provided greater relief at one 
week compared to exercise alone [84].

For chronic neck pain, a systematic review in 2013 showed there was no differ-
ence between hot packs and mobilization, manipulation at improving pain, function 
or patient satisfaction [83]. In fact, there was no added benefit when hot packs were 
combined with mobilization, manipulation, or electrical stimulation [83]. A large 
systematic review article on the effects of treatments for different types of neck 
pain, including acute and chronic whiplash, neck pain with radiculopathy, and non- 
specific neck pain, which included 91 systematic reviews, randomized control trials 
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or observational studies found that there is no information regarding if heat or cold 
is better than active treatment [86].

Thermal modalities are frequently prescribed by medical providers and used in 
physical therapy treatments. They are relatively safe options for pain treatment with 
low quality evidence to support their use. Although they are not proven superior to 
other treatments, it may provide some temporary relief for symptomatic patients.

 Transcutaneous Electrical Nerve Stimulation
Transcutaneous electrical nerve stimulation (TENS) is a form of electrotherapy, like 
percutaneous electrical nerve stimulation, that is used in the treatment of pain, espe-
cially spine pain. It works, in theory, on stimulating large afferent fibers, which 
inhibits the small nociceptive fibers to reduce the sensation of pain through gate 
control mechanisms [85]. The low threshold large afferent fibers can be stimulated 
selectively with low intensity current stimulation, and does not activate the small 
pain fibers [86]. TENS is a commonly prescribed modality for patients with neck 
and back pain with conflicting levels of evidence in the literature in support of its 
use and demonstrated efficacy for the treatment of spine pain.

The evidence to support the use of TENS unit in the reduction of low back pain 
is variable. The clinical practice guidelines from the American College of Physicians 
reported in 2017 that there was insufficient evidence to determine the efficacy of 
TENS [1]. A more recent systematic review and meta-analysis examining TENS 
and interferential current (IFC) examined this treatment in adults with chronic low 
back pain. IFC is a newer form of electrical stimulation modality that summates two 
alternating current signals at different frequencies resulting in a frequency of about 
4000 Hz that can penetrate the tissues deeper with less pain than with TENS modu-
lating a frequency of 125 Hz. The 2017 study looked at nine randomized controlled 
trials with 655 participants receiving TENS and IFC interventions versus control 
groups [87]. The electrotherapy group had better pain relief during therapy but not 
immediately after, or at 1–3 months post treatment and there was no effect on dis-
ability. Like many other systematic reviews, the quality of clinic trials is low and 
findings remain consistent amongst other systematic reviews [85–88].

Similar to TENS, there is electrical muscle stimulation (EMS), which is also a 
form of electrotherapy that is used to help with muscle pain, reduce spasms and 
improve strength [86]. EMS transmits a strong current that causes visible muscle 
fiber contraction but subsequently causes activation of both large afferent fibers and 
small nociceptive fibers, which increases pain sensations [86]. Like TENS, multiple 
systematic reviews have failed to show efficacy in pain relief with EMS [1, 19]. 
However, a randomized controlled double blind study in 1997 showed that, TENS 
and EMS produced greater pain reduction in low back pain in combination than 
when utilized independently [89].

One systematic review in 2013 examining physical modalities for neck pain and 
associated disorders did review TENS therapy with inclusion of 3 randomized con-
trolled trials and a total of 88 participants [90]. There was pain reduction with TENS 
compared to placebo for whiplash-associated disorders immediately following 
treatment. TENS was also found to significantly reduce pain better in acute 
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whiplash- associated disorders when compared to standard physiotherapy [90]. One 
randomized controlled trial did show a benefit with less pain immediately after 
treatment with TENS in chronic neck pain when compared to electrical muscle 
stimulation [86, 90].

Despite low quality evidence showing efficacy of electrotherapy [91], meta- 
analyses of TENS benefits tend to show positive outcomes when compared to pla-
cebo but rarely do they reach statistical significant and unclear the clinical 
significance [85]. Therefore, TENS and other forms of electrotherapy should be 
considered for acute and chronic neck and back pain as it may reduce pain during 
and immediately after treatment, and also has a low risk profile in the correct patient 
population [85] .

 Spinal Traction
Spinal traction modality includes mechanical or manual traction, which applies dis-
tractive forces to decrease or reduce compression on structures of the spine. It 
reduces mechanical pressure on the spinal segments and associated peripheral 
nerves, joints, and vasculature, and presumed to then decrease pain, increase range 
of motion, improve range of motion, among other benefits [92]. There is very lim-
ited data demonstrating the benefit of traction therapy [85].

For radicular back pain, a Cochrane review in 2013 reviewed 32 studies with 
2762 participants with acute, subacute and chronic low back pain with and without 
sciatica, with a majority of studies having up to a 4- month follow-up [93]. 
Mechanical or manual therapy with or without physical therapy was no more effec-
tive for treating low back pain than all other interventions including sham, and other 
modalities [93]. Notably, seven of the studies in the review reported side effects 
including increased pain, aggravation of neurologic side effects and surgery [93].

Review of traction for the treatment of neck pain had similar results as seen with 
low back pain. Graham et al. 2013 showed there was no difference between continu-
ous traction and placebo for improving pain or function in patient with acute and 
chronic pain [90]. Another systematic review of neck pain and traction compared 
with sham traction did not proved more effective pain relief in 4 weeks or 3 months, 
nor did it improve sleep, social functioning and activities of daily life [94]. In that 
same systematic review, four randomized controlled trials, two of which were of 
sufficient quality, compared traction versus sham traction, placebo tablets, exercise, 
acupuncture, heat, collar or analgesics. There was no consistent difference in pain 
between traction and the other treatments [94]. The incidences of serious adverse 
events in the studies were low [94].

Thus spinal traction has not proven superior to other therapeutic modalities and 
there is data to support that it is no better than placebo. Some studies suggest that 
traction is not effective for the treatment of back pain [85].

 Low Level Laser Therapy
Laser is an acronym for Light Amplification by Stimulated Emission of Radiation. 
Low level laser therapy is an electric modality that produces wave length of light, 
that is thought to affect the function of fibroblasts to accelerate connective tissue 
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repair and reduce inflammation and pain [95]. Variable wavelengths of 660 nm and 
905 nm are used in the treatment of spine pain as well as other musculoskeletal 
disorders [95]. It is FDA approved for temporary relief of muscle and joint pain but 
with limited evidence to support its use. The American Academy of Orthopedic 
Surgeons has no recommendations for or against its use [95]. The ICON systematic 
review found one randomized controlled trail with 55 participants showing no ben-
efit of laser when compared to placebo for chronic pain syndrome [90, 96]. In 
another RCT, a specialized form of laser therapy was inferior to manipulation for 
cervicogenic headache [90]. However, there is a randomized controlled trial of low- 
quality evidence that showed a combination of low level laser therapy and NSAIDS 
do decrease pain and moderately improve function compared to sham therapy and 
NSAIDs in acute and subacute pain [1, 97].

 Therapeutic Ultrasound
Ultrasound therapy (US) is the use of sound waves that deliver deep heat energy to 
deep tissues to treat musculoskeletal orders including spine pain. It is a form of 
mechanical energy but still considered an electrotherapy. It has been used by phys-
iotherapists since the 1940s. It is thought to reduce local swelling, promote soft 
tissue healing, soften scar tissues and increase soft tissue elasticity.

A 2020 Cochrane review assessed if ultrasound is an effective treatment for 
chronic non-specific low back pain [98]. 10 studies were included in the review with 
1025 participants treated for chronic non-specific low back pain. Studies compared 
ultrasound to placebo, no treatment, electrical impulses, manipulation, laser therapy 
and exercise [98]. Based on the review, there was low and very-low evidence that 
ultrasound improves pain and well-being more than placebo; and when compared to 
other interventions, the studies were poorly conducted or were too imprecise for the 
authors to make a conclusion [98]. An additional review by Graham et al. demon-
strated that pulsed ultrasound was no better than placebo at changing function or 
global perceived effect immediately post treatment in patients with acute whiplash 
associated disorders or chronic myofascial neck pain [90]. US was also inferior to 
mobilization for subacute and chronic neck pain immediately after treatment [90]. 
An additional systematic review in 2011 evaluating the efficacy and safety of ultra-
sound and shockwave therapies for the treatment of back pain also found that the 
evidence from their review does not support the effectiveness of ultrasound or shock 
wave therapy for treatment of low back pain although no adverse events were 
reported [99].

Currently, existing evidence does not support the use of therapeutic ultrasound in 
the management of neck and back pain.

 Bracing
This is often a topic of debate as to whether or not bracing is helpful. When an indi-
vidual is suffering, the treating provider often tries to incorporate a multimodality 
approach to treat the pain and external supports are often considered. Bracing is 
often requested by patients since the idea of bracing an injured portion of the body 
is seen time and time again in a variety of other situations such as bracing for frac-
tures, bracing for painful knees, tennis elbows, dysfunctional sacroiliac joints etc.
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Cervical collars, either soft or hard, are routinely discouraged for acute cervical 
neck pain as these may delay recovery [100, 101]. In a systematic review of 11 
randomized trials of patients reporting acute neck pain secondary to whiplash, sub-
jects who were recommended to rest and immobilize with a soft collar suffered 
from neck pain for a longer duration than those who engaged in active physiother-
apy [102].

Just as cervical collars, lumbar supports can also come in a flexible or rigid form 
and are often employed especially in the workplace to prevent low back injuries. 
They can be ordered in custom or off-the-shelf format, and worn all day or part of 
the day. There are several goals lumbar support aims to achieve, which includes the 
following: limit movement of the spine, provide external support, correct deformi-
ties, improve stabilization, and provide compression or massaging effects [103]. 
Additionally, bracing potentially can be a psychological support and provide pro-
prioceptive feedback for an individual, cautioning against certain painful move-
ments. There is a concern that bracing could result in core muscle weakness from 
disuse or conversely can help relieve muscle tension when worn; however, these 
hypotheses were not supported when the electromyographic of the erector spinae 
muscles activity did not decrease while wearing a lumbar brace [104].

Generally, for acute to subacute low back pain, there is poor evidence indicating 
improvement in pain or function with the addition of lumbar support [105]. When 
reviewing participants in multiple studies, 550 people said it did not help, but 410 
individuals felt that lumbar bracing was more helpful than no intervention. There is 
no clear conclusion whether or not lumbar bracing helps. Such a decision should be 
decided upon between the patient and provider on a case-by-case basis. In regards 
to prevention of low back pain, seven randomized control trials indicated that there 
is moderate evidence that the lumbar support does not help reduce low back pain 
and has not been shown to be more effective in preventing low back pain as com-
pared to education in proper lifting techniques. Another study focused on industry 
workers at high risk for mechanical low back pain. These assembly line workers 
often stand while performing repetitive movements and lifting movements with 
their arms. For these industry workers, no benefit was shown versus placebo in 
terms of low back pain level when wearing a soft lumbar brace versus placebo 
[106]. A Cochrane review indicated that the effectiveness in treatment of low back 
pain indicated limited evidence that lumbar supports can reduce pain and increase 
functionality but no more than if no intervention was taken [107].

The cost for back braces varies widely from $40 to $1000 depending on the 
material, shape, features, adjustability, customized or prefabricated. Insurance plans 
may or may not cover braces and if covered the typical out-of-pocket cost is a copay 
of 20% (reference).

 Acupuncture
The word “acupuncture” originates from Latin with the root word puncture mean-
ing to needle and prefix acus meaning needle. Modern acupuncture is generally 
thought to have originated in China though the exact date is unknown. Publications 
of textbooks discussing the manipulation of qi within one’s body by means of nee-
dling were recovered dating back to the 5th and 8th centuries AD [108]. In Eastern 
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medicine, qi is thought to be a life force or energy that flows within one’s body. The 
actual Chinese word for acupuncture is Zhenjiu which actually includes various 
techniques in addition to needles such as electro-acupuncture, laser acupuncture, 
microsystem acupuncture, acupressure and moxibustion [109]. By definition, dry 
needling, which is often incorporated in physical and occupational therapy, can also 
be considered as acupuncture though not often described as such.

In a meta-analysis of 75 randomized control trials, findings noted there were 
reductions in pain amongst chronic low back pain sufferers immediately as well as 
short term relief. Immediate relief in back pain was noted for acute low back pain. 
For chronic neck pain, when compared to sham acupuncture (where the needle was 
punctured superficially) there was both reduction in pain and disability immediately 
after treatment as well as one-month after treatment [37]. In another meta-analysis 
looking only at high quality trials at an individual patient level indicated that patients 
who underwent acupuncture experienced less pain as compared to sham controls for 
back and neck pain [110]. In terms of functionality, a large trial in Germany with 
3093 patients suffering from an average of 7 years of low back pain were either 
assigned to acupuncture or no acupuncture. Those in the acupuncture group showed 
a significant difference in functionality improvement than no acupuncture [111].

Practitioners who are licensed to practice typically have secured a diploma from 
the National Certification Commission for Acupuncture and Oriental Medicine. 
Physicians can also perform acupuncture once they’ve progressed through a medi-
cal acupuncture program.

Needles can be placed along traditional acupuncture points or along trigger 
spots. Once inserted, the needles can be manipulated by twisting, adjusting the 
depth, connected to electrical current to perform electroacupuncture or moxibustion 
by burning the herb artemisia vulgaris at the end of the acupuncture needle.

There are minimal reactions and toxic side effects [109]. Contraindications 
include clotting, bleeding disorders, anticoagulant usage, local skin infections, and 
significant psychiatric conditions. Minor adverse events include pain near the nee-
dle insertion point, nausea, vomiting, fainting and dizziness. Over more than 
760,000 sessions there were 2 cases of pneumothorax where one was treated con-
servatively and one required a drain [112]. When patients have exhausted traditional 
treatments for back and neck pain, acupuncture can potentially be a relatively safe 
and effective method for pain relief. Sessions are typically twice a week for several 
months. After initial treatments, occasional sessions can be continued every month 
or every other month. If no improvements are noted in 10 to 12 sessions then acu-
puncture should be discontinued. The cost is generally $65 to $125 per session [113].

 Psychological Treatments and Therapies

Pain is defined by Webster dictionary as an unpleasant or distressing sensation that 
can be perceived as a prick, tingle burning, aching, or stinging from a part of one’s 
body. Even if the external inciting factor for pain is the same, the actual perception 
of pain will differ between individuals as each individual has a unique past 
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experience, comorbidities, body composition, tolerance, coping mechanism etc. 
Multiple studies have noted the connection between the evolvement of chronic pain 
and one’s prior, current and future psychological composition [114–119]. The 
psyche of an individual has a profound effect on why for some people the pain is 
tolerable and for others completely disabling, interfering with their daily activities 
and inhibiting them from being able to work. Some would even argue that the a big-
ger component towards the attenuation of chronic back pain is psychological rather 
than physical [114].

Regarding psychopathology prior to chronic pain, multiple studies have shown 
higher tendencies for acute to chronic back and neck pain conversions if one does 
suffer from psychiatric disorders [114–116]. A study indicated that for females that 
suffered from physical abuse had an increased risk of reporting significant back and 
neck pain by five-fold and those experiencing sexual abuse noted an increased risk 
by four-fold [116]. A prior history of social dysfunction (bullying) or social isola-
tion could also result in cross sensitization to regions that perceive pain. Specific 
brain regions (anterior cingulate cortex) show activation during social distress 
[117]. This area is similarly activated when experimental pain is inflicted thus 
potentially resulting in greater pain exacerbation due to cross sensitization [120–
122]. Psychopathology that is often associated with chronic low back pain include 
depression, somatoform disorders, anxiety, substance abuse, and personality disor-
ders. A study comparing chronic low back pain versus acute low back pain sufferers 
indicated that within the first group, 90% met diagnostic criteria for somatoform 
pain disorder, 46% met criteria for major depression, and 40% suffered from sub-
stance abuse disorder compared to the latter group with only 8% suffering from 
major depression and 38% suffering from substance abuse disorder [115]. The 
authors also cite that job loss is often associated with chronic low back pain, which 
could predispose the individuals to development/worsening of premorbid psycho-
pathology [115].

Regarding psychopathology that develops after chronic low back pain begins, 
multiple studies indicate that changes to the brain’s neurologic pathway occurs in 
response to such a chronic stressor. The process in which an organism strives to 
maintain homeostasis when faced with stressors is defined as allostasis. The cost in 
which the organism has to expend to maintain homeostasis is defined as allostatic 
load [118]. Generally, pain’s function is to guide an organism to move towards posi-
tive adaptive behaviors. Essentially, pain directs an organism to avoid the noxious 
stimuli but when pain becomes chronic, the individual starts to accumulate an allo-
static load which results in cumulative and potentially maladaptive changes to the 
brain and therefore behavior. Such maladaptive changes may result in altered per-
ceptions including hyperalgesia, allodynia, etc. and centralization of pain and there-
fore avoidance of movement, social withdrawal, emotional lability, decreased 
productivity and preference towards potentially self-destructive behavior such as 
substance abuse. Several neural pathways that may be altered include the dorsolat-
eral prefrontal cortex, ventrolateral prefrontal cortex, medial prefrontal cortex 
which collectively appear to reduce abilities to modulate emotional states [119–
121]. Acute pain tends to affect the mesolimbic reward-related pathway and in 
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contrast to chronic pain, there is less evidence that cognition is significantly altered 
in individuals suffering from acute pain [122].

Which occurs first? Is the pain causative of the psychopathology and maladap-
tive behaviors or is the psychopathology causative of the development of chronic 
low back pain? Some studies have indicated that the depression occurred after the 
pain supporting what is known as the “consequence hypothesis.” Fishbain et  al. 
however also noted that there were conversely a few studies that supported the the-
ory that depression preceded the onset of pain [123]. Polatin et al. reviewed chronic 
low back pain in relations to depression in 200 patients and noted that 55% of indi-
viduals with major depressive disorder developed before the onset of chronic pain 
and 45% of individuals became depressed after the onset of chronic pain. Essentially, 
both scenarios are viable possibilities. Screening for depression in those suffering 
from both acute or chronic low back pain is therefore an important factor to drive an 
effective plan of care especially since the relative risk of impairments in activities of 
daily living was 1.67 times higher in those suffering from depression in elderly 
patients. Mobility impairments for elderly suffering from chronic back pain con-
comitant with depression was 7.73 times higher [124]. Addressing underlying 
depression and an individual’s social factors could be significantly beneficial to 
being able to successfully treat chronic low back pain. The concept of identifying 
“psychosocial flags” which could affect perception of back pain include acknowl-
edging the individuals’ ABCDEFW – attitude (positive or catastrophizing), behav-
ior changes, compensation (in terms of pending legal case, monetary gains or 
financial issues), diagnosis, emotions (psychological history and current response to 
symptoms), family (support or lack thereof) and work [125].

Knowing this connection between mind and body, one should be cognizant to 
first focus on preventing the transition from acute to chronic back/neck pain but if 
chronic neck/back pain does occur, understand how to address the psychological 
component. Most commonly utilized psychosocial interventions include cognitive 
behavioral treatment, hypnosis, biofeedback, and mindfulness. Cognitive behav-
ioral therapy focuses on increasing awareness of inaccurate or negative thoughts. 
After identifying these distorted thoughts, the individual is challenged to reshape 
and reformulate the thoughts into a more positive thought. Biofeedback works on 
helping an individual learn how to control one’s body when stress is present. Sensors 
may be used to monitor an individuals’ brain waves, respiratory rate, heart rate, ten-
sion in muscle, sweat activity, and temperature. An individual is trained to try to 
modulate their bodies into a more relaxed state thereby controlling their physical 
response in the face of stressors [126]. Mindfulness encourages individual to 
intensely focus on being acutely aware of the present and also incorporates guided 
imagery and envisioning relaxation of the body and mind [127].

How effective are these different psychological treatments? A review looked at 
23 studies with a total of 3359 participants with trials utilizing varying types of 
cognitive behavioral methodology. The studies showed decreased disability and 
pain for the individuals participating in some form of cognitive behavioral treatment 
as compared to no treatment at long-term follow up. Another study with 342 partici-
pants comparing individuals suffering from chronic low back pain were allocated 
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either to meditation and cognitive behavioral therapy or usual treatment for chronic 
low back pain. Results indicated that those receiving cognitive behavioral therapy 
were able to experience decreased daily pain and decreased physical disability 
[128]. Another systematic review on 400 articles indicated that psychological inter-
ventions were safe and effective treatments for those suffering from pain [129]. Just 
as chronic pain resulted in alterations to the neurological connections in the brain, 
so does cognitive behavioral therapy. fMRI scans showing cognitive behavioral 
therapy associated with increased activity within the ventrolateral prefrontal/lateral 
orbitofrontal cortex and increased executive cognitive control [121]. Often, time 
limitations would dissuade individuals from pursuing psychological interventions. 
Fortunately, another study showed that even a shorter duration (4 week) session has 
demonstrated benefit in back pain symptoms and frontal lobe regulation when com-
pared to the control group which was allocated to stress reduction reading [130].

Increased ability for an individual to be able to meditate could also address other 
issues that could be potentially exacerbating or could have occurred as a result of 
chronic back pain such as sleep, depression, anxiety and stress reactivity [131]. Not 
only has psychological treatments been shown to reduce chronic pain and decrease 
disability, these interventions have also been safe without the toxic side effects seen 
in common treatments for chronic back pain such as the commonly employed usage 
of opioids. Opioids could result in constipation, itching, risk for addiction, respira-
tory depression and death, which are side effects not seen with psychological 
interventions.

The cost of psychological therapy can range significantly from a range of $60 to 
$200 sessions and even with a short duration of treatment. Coverage for this benefi-
cial treatment from health insurances have unfortunately been on the decline.
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Daltry Dott

 Overview

 Learning Objectives

• Identify medications commonly used to treat pain due to spinal conditions
• Compare the efficacy of different medications and their use in spine-related pain
• Recognize the advantages and disadvantages of medications used to treat spine- 

related pain
• Understand the dosing strategies for medications used for pain due to spinal 

conditions

 Acetaminophen

 Mechanism of Action

The exact mechanism of action of acetaminophen is unknown. It is believed to be a 
weak inhibitor of prostaglandin synthesis through cyclooxygenase (COX) inhibi-
tion. Other mechanisms of action are believed to be due to activation of central 
descending serotonergic pathways. Acetaminophen targets nociceptive pain. Other 
mechanisms of action are thought to include enhancement of the cannabinoid sig-
naling pathways [52].
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 Evidence in Spine

Minimal evidence exists to support the use of acetaminophen alone for the use of 
pain, but it is commonly recommended in guidelines as first line therapy either 
alone or in conjunction with other medications. Despite the lack of high-quality 
evidence, the opioid sparing or synergistic effects of acetaminophen in conjunction 
with other medications may justify its use [89].

 Adverse Effects

Acetaminophen is relatively well tolerated but can lead to gastrointestinal distur-
bance, such as nausea, vomiting, abdominal pain, diarrhea, constipation. At high 
doses or when combined with alcohol, acetaminophen can be hepatotoxic, leading 
to acute hepatotoxicity, liver failure, and death.

 Dosing

See Table 8.1 for common dosing of Acetaminophen.

 COX-Inhibitors

 Mechanism of Action

Two types of COX inhibitor medications are currently available to treat pain: non-
steroidal anti-inflammatory medications (NSAIDs) and selective COX-2 inhibitors. 
Inhibition of COX-1 causes a decrease in thromboxane, prostacyclin, and prosta-
glandins, leading to antipyretic, analgesic, antiplatelet, and anti-inflammatory 
effects. Inhibition of COX-2 causes a decrease in inflammatory prostaglandins, pro-
teases, and reactive oxygen species that lead to inflammation, fever, and pain. The 
major differences between the available COX-inhibitors are their selectivity to 
COX-1 or COX-2 and each drug’s particular pharmacokinetics and dosing strate-
gies. NSAIDs target nociceptive pain.

 Evidence in Spine

NSAIDs are commonly recommended as first line treatment for low back pain with 
or without radiculopathy as they may be effective for short term relief of chronic 

Table 8.1 Acetaminophen dosing

Medication Route Dosing Maximum daily dose
Acetaminophen PO

IV
325–1000 mg tid
650–1000 mg q4–6h

3000 mg
4000 mg

PO oral, IV intravascular
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low back pain without radiculopathy [85]. There is conflicting evidence of whether 
one NSAID produces superior improvement in pain in comparison to others or if 
changing to another NSAID after a failed trial of one NSAID will prove to be effica-
cious [45, 85]. Hauk [45] suggests that if a trial with one NSAID is ineffective after 
a 2–4-week period, a different NSAID can be tried and may be more effective. In 
patients with chronic inflammatory spine conditions, such as ankyloses spondylitis, 
with axial low back pain, evidence suggests that NSAIDs may slow progression of 
disease [106].

Studies for the use of NSAIDs for the treatment of chronic pain or radiculopathy 
do not support their use. The outcome with the use of NSAIDs versus other com-
monly used pharmacotherapies, including opioids and muscle relaxants, in the treat-
ment of chronic pain was no different. For the treatment of radicular symptoms, 
there is a lack of evidence for therapeutic benefit with NSAIDs compared to pla-
cebo [85].

Using NSAIDs as part of a multimodal pharmacological treatment strategy may 
be more efficacious than as monotherapy. Combination therapy with aceclofenac 
plus tizanidine (vs. aceclofenac alone) or diclofenac plus B vitamins (vs diclofenac 
alone) was effective in reducing pain intensity in patients with (sub)acute low back 
pain with or without leg pain but none provided a clinically important difference in 
pain intensity reduction [64].

Other benefits of NSAID treatment may include improvement in symptoms of 
other comorbid conditions, including depression. Depression is a common comor-
bidity in patients with chronic pain. In patients treated with naproxen or aspirin 
compared to acetaminophen, depression and suicidal ideation were less, but more 
depression was reported in patients treated with celecoxib compared to acetamino-
phen. In women but not men, ibuprofen was associated with fewer reports of depres-
sion [57].

 Adverse Effects

The risks of adverse events may limit the use of NSAIDS. The gastrointestinal (GI) 
and cardiovascular (CV) systems are two of the most common systems affected by 
adverse events with the use of NSAIDs. Ho et al. [46] propose an algorithm for 
choosing an anti-inflammatory medication in patients with a clinical indication for 
anti-inflammatory therapy but with GI and/or CV risks. In patients with high or low 
GI risk and high CV risk, they recommend celecoxib 200 mg/day with concomitant 
use of a proton pump inhibitor (PPI). In patients who are low GI and CV risk, 
NSAID of choice or celecoxib in combination with a PPI is recommended [46]. 
Another issue that may arise is that there is some evidence that NSAID use may 
cause delayed bone healing in patients who have recently undergone a posterolat-
eral lumbar fusion. When administered for >2 days or at high doses, ketorolac may 
be associated with pseudarthrosis after posterolateral lumbar fusion. Ketorolac’s 
use in smokers is also associated with pseudarthrosis [59].
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The most common adverse effects of NSAIDs include cardiovascular events, 
including heart attack; gastrointestinal toxicity, including stomach irritation and 
ulceration; hematological toxicity, including increased risk of bleeding; nephrotox-
icity, more common with NSAIDs than COX-2 inhibitors; and hepatotoxicity.

Topical formulations can greatly reduce renal toxicity and GI effects, but patients 
who use topical patches or gels may experience skin irritation at the site of applica-
tion [26].

 Dosing

See Table 8.2 for common dosing of commonly used NSAIDs and COX-2 inhibitors.

 Antidepressants

 Mechanism of Action

Multiple classes of antidepressants, including tricyclic antidepressants (TCAs), 
serotonin-norepinephrine reuptake inhibitors (SNRIs), and selective serotonin reup-
take inhibitors (SSRIs), are used for the treatment of spine-related pain. Tricyclic 
antidepressants increase the levels of norepinephrine and serotonin in the synaptic 
cleft and act as an antagonist at histamine and acetylcholine receptors. SNRIs 
increase the levels of both norepinephrine and serotonin in the synaptic cleft. SSRIs 
increase the amount of serotonin in the synaptic cleft. Antidepressants have an 
effect on neuropathic pain. The exact mechanisms for the efficacy of antidepres-
sants for the treatment of neuropathic pain is yet to be elucidated, and it is presumed 
that the mechanism may be different than the mechanisms for treatment of depres-
sion and mood stabilization. The mechanisms underlying antidepressants’ ability to 

Table 8.2 Commonly used NSAID and COX-2 inhibitor dosing

Medication Route Dosing Maximum daily dose
Aspirin PO 350–1000 mg q4–6h 6000 mg
Diclofenac PO

TD: Gel
TD: Patch

100–200 mg bid
2 grams qid
1 patch (180 mg) bid

400 mg
32 g
360 mg

Etodolac PO 200–400 mg q6–8h 1000 mg
Ibuprofen PO 200–800 mg tid 2400 mg
Indomethacin PO 25–50 mg 2–3 times per day 200 mg
Ketorolac PO

IV/IM
10 mg qid
15–30 mg q6h

40 mg
120 mg

Nabumetone PO 500–1000 mg once or twice daily 2000 mg
Naproxen PO 250 q6–8h or 500 mg twice daily 1000 mg
Piroxicam PO 20 mg once daily or 10 mg bid 20 mg
Meloxicam PO 7.5–15 mg daily 15 mg
Celebrex PO 100–200 mg bid 400 mg

PO oral, TD transdermal, IV intravenous, IM intramuscular

D. Dott



175

treat neuropathic pain is to increase norepinephrine in the spinal cord as well as act 
on the locus ceruleus to directly inhibit pain and activate the impaired descending 
norepinephrine inhibitory system. Dopamine and serotonin are also increased in the 
central nervous system with antidepressant use and may enhance the inhibitory 
effects of norepinephrine [73].

 Evidence in Spine

Neuropathic pain is most responsive to analgesic effects of antidepressants. TCAs 
are the most effective and are used as first line agents. SNRIs are considered second 
line, and the effectiveness of SSRIs is limited for the treatment of persistent pain 
[29]. At low doses, tricyclic antidepressants may be helpful in treating both leg and 
back pain related to lumbar spinal stenosis [75]. Venlafaxine has been shown to be 
an effective treatment for both acute and chronic neuropathic pain [2]. However, 
milnacipran lacks evidence to support its use in the treatment of neuropathic 
pain [28].

Although antidepressants may be effective in treating neuropathic pain, multiple 
systematic reviews have concluded that there is no clear evidence for the efficacy of 
antidepressants over placebo for the treatment of low back pain [103]. Duloxetine 
has been shown to be useful in treating low back pain [5]. However, concomitant 
use of an NSAID or acetaminophen with duloxetine did not significantly change the 
efficacy of duloxetine alone for the treatment of chronic low back pain [93]. Of the 
SSRIs, Fluoxetine is the most studied for the treatment of chronic pain. Fluoxetine, 
fluvoxamine, and escitalopram seem to be the SSRIs that have the most supporting 
evidence for use in chronic pain treatment [78]. While TCAs may be effective in 
treating radicular pain, they do not seem to have much effect on chronic low back 
pain. Low-dose amitriptyline showed a nonsignificant improvement in pain inten-
sity at 6 months [103]. After a single dose of imipramine, there was no analgesic 
effect in patients with chronic low-back pain. However, the anti-nociceptive effects 
may depend on CYP2D6 metabolizer status and may need to be take into 
account [92].

The advantages to using antidepressants in spine related pain may be due to their 
other effects instead of their direct analgesic effect. The efficacy of TCAs may be 
more related to mood and sleep modulation instead of a direct analgesic process 
[92]. Low-dose amitriptyline has been shown to lead to a reduction in disability at 
3  months without improvement in pain intensity [103]. Depression is common 
among patients with spinal cord injury and other types of spine-related pain. 
Antidepressants may help modulate mood and can help with pain as well as quality 
of life after spine surgery [13].

In patients with spinal cord injury related pain the results of treatment with ami-
triptyline are mixed with a significant response in patients with comorbid depres-
sion receiving doses up to 150 mg daily [107].

The use of antidepressants may also help to decrease long-term costs and utiliza-
tion of higher risk medications. The use of duloxetine in patients with chronic low 
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back pain versus other non-surgical treatment, including other pharmacological 
therapies, such as narcotics and NSAIDs, and non-invasive therapy, such as chiro-
practic therapy, physical therapy, and exercises therapy, was associated with reduced 
rates of non-surgical therapies and similar back surgery rates without increased 
costs [49]. Patients with chronic low back pain who initiated duloxetine treatment 
rather than muscle relaxants, gabapentin, pregabalin, venlafaxine, and tricyclic anti-
depressants had better compliance and lower likelihood of opioid use [5]. In addi-
tion, older patients with chronic low back pain and depression who are co- prescribed 
an opioid with venlafaxine are less likely to have an analgesic response to low-dose 
venlafaxine than patients who are not on opioid medications. Opioid morphine 
equivalent dosing was negatively correlated with pain response with venlafax-
ine [94].

Overall, the guidelines for antidepressant use are variable. TCAs and SNRIs are 
more effective for neuropathic pain and SNRIs and SSRIs may be more effective for 
low back pain treatment. In addition, these medications may work through modula-
tion of comorbidities that commonly accompany pain. More studies should be per-
formed to elucidate the best dosing strategy and efficacy for different etiologies 
of pain.

 Adverse Effects

Due to the anticholinergic effects of TCAs, potential adverse effects include cardio-
toxicity, weight gain, blurred vision, dry mouth, constipation, sedation, and postural 
hypotension (dizziness). TCAs also pose a risk of anticholinergic toxicity. TCAs 
have a small therapeutic dose range and there is a risk of lethal overdose if not used 
properly. The most common side effects experienced with SNRIs and SSRIs include 
nausea, dry mouth, headache, dizziness, sedation, constipation, changes in sexual 
function. When combined with other medications that increase serotonin levels, 
TCAs, SNRIs, and SSRIs can all lead to serotonin syndrome.

 Dosing

See Table 8.3 for common dosing strategies of antidepressants.

 Anticonvulsants

 Mechanism of Action

The precise mechanism of action of gabapentin and pregabalin is still unknown. 
Studies have shown that gabapentin and pregabalin bind to voltage-gated calcium 
channels, but the exact therapeutic mechanism is yet to be elucidated. Topiramate 
blocks voltage-gated sodium and calcium channels and inhibits the glutamate 
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pathway while enhancing the GABA-pathways. It also inhibits carbonic anhydrase. 
The exact mechanism of action responsible for treatment of pain remains to be 
determined. Anticonvulsants target neuropathic pain.

 Evidence in Spine

Multiple meta-analyses have found that gabapentin and pregabalin are not effective 
for the treatment of low back pain either with or without radiculopathy [32, 34]. 
Specifically, in a randomized double blind cross over study, extended release gaba-
pentin failed to demonstrate any significant decrease in pain score compared to 
placebo [41], and in a double-blind, placebo-controlled trial, pregabalin showed no 
increased efficacy than placebo in reducing leg-pain intensity in patients with both 
acute and chronic moderate to severe sciatica [65]. A randomized controlled trial in 
the Department of Veterans Affairs Healthcare System failed to demonstrate superi-
ority of gabapentin compared to placebo for the treatment of low back pain [6]. 
Pregabalin has been shown to be no more effective than placebo in treating lower 
extremity radiculopathy as well [3]. Of the evidence available, there exists very low- 
quality evidence for the treatment of radicular leg pain, nerve injury pain, and spinal 
cord injury related pain with gabapentin [109].

Some evidence shows that gabapentin may be helpful in patients with lumbar 
radiculopathy pain. In patients with chronic lumbar radiculopathy, gabapentin may 
provide improvement in pain and quality of life [112]. A multicenter randomized 
double-blind study comparing the efficacy of gabapentin and epidural steroid injec-
tions for lumbosacral radicular pain in joint service military treatment facilities 

Table 8.3 Antidepressant dosing

Medication Route Dosing Maximum daily dose
TCAs
   Nortriptyline PO 25 mg 3–4 times daily 100 mg, if >100 mg is given, plasma levels 

should be monitored
   Amitriptyline PO 25–150 mg 1–4 times 

per day
150 mg

   Imipramine PO 75–150 mg once a 
day

200 mg

   Desipramine PO 100–200 mg qhs or 
bid

300 mg

SNRIs
   Duloxetine PO 30–60 mg daily 60 mg
   Venlafaxine PO 75–225 mg daily 225 mg
SSRIs
   Fluoxetine PO 20–60 mg daily 80 mg
   Sertraline PO 25–200 mg daily 200 mg
   Paroxetine PO 12.5–60 mg daily 60 mg
   Citalopram PO 20–40 mg daily 40 mg
   Escitalopram PO 10–20 mg daily 20 mg

PO Oral
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found a modest improvement in both groups at 1 and 3 months that resulted in mod-
est improvements in pain and function [24].

Topiramate provides a small effect for short term pain treatment [34]. In a 
double- blind, randomized, 2-period crossover trial of topiramate and diphenhydr-
amine (placebo), topiramate titrated to maximal tolerated dose reduced average 
back and overall pain, worst leg and back scores, and global pain relief scores [51]. 
In a case report, topiramate helped a morbidly obese (BMI 61.4 kg/m2) female with 
chronic low back pain achieve clinically meaningful and significant weight loss and 
improvement in her chronic low back pain and functionality [44]. Topiramate is 
more effective than placebo in the short-term treatment of chronic nonspecific low 
back pain [70].

In a Cochrane Review, there was little evidence to support the efficacy of oxcar-
bazepine in neuropathic radicular pain. Some very low-quality evidence suggests 
that it may provide some efficacy in treatment of pain but adverse effects, serious 
adverse effects, and adverse effects leading to discontinuation of the medication are 
more common with oxcarbazepine than placebo and limits its utility [113].

Pregabalin may be more effective when used in combination with other medica-
tions and in treating other common comorbidities associated with pain that can help 
improve patient quality of life. The combination of NSAIDs and pregabalin was no 
more effective in reducing pain than NSAIDs alone in patients with acute lumbar 
disc herniations. However, the combination of NSAID plus pregabalin showed to be 
more effective to treat sleep disturbance than NSAIDs alone. Patient global impres-
sions of change were also significantly improved with a combination of NSAID and 
pregabalin instead of NSAID alone [72]. In an observational study of patients with 
chronic refractory cervical pain and radiculopathy, a significant improvement in 
self-reported sleep interference and pain was observed in patients treated with pre-
gabalin as opposed to treatment with conventional analgesic care (acetaminophen, 
NSAIDs, opioids, antidepressants, other antiepileptic drugs) [96]. Pregabalin may 
produce beneficial effects for patients with central and mixed neuropathic pain at 
doses of 300–600 mg daily [27]. Pregabalin may be an effective treatment for neu-
ropathic pain but adverse effects on balance at initial doses and with dose increases 
may limit its use [16].

In patients with spinal cord injury-related central pain, there is conflicting evi-
dence for the efficacy of gabapentin (≥1800 mg daily) and pregabalin. Lamotrigine 
was effective for incomplete spinal cord injury-related pain at and below the level 
of injury. The data for carbamazepine for central pain is mixed [107].

 Adverse Effects

Gabapentinoids are associated with adverse events. There is high level evidence 
supporting the risk of harms with these medications [34]. Gabapentin and pregaba-
lin have significant adverse effects and lack significant evidence for pain improve-
ment in patients with chronic low back pain [91]. Pregabalin is associated with 
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higher rates of adverse events than placebo [65]. Gabapentin’s use is limited due to 
the adverse events, including somnolence, dizziness, peripheral edema, and gait 
disturbance [109].

Gabapentin and pregabalin most commonly can cause unsteadiness, constipa-
tion, diarrhea, word-finding difficulties, sedation, nausea, vomiting, and dry mouth. 
In some rare instances, gabapentin and pregabalin may cause psychiatric distur-
bances, including suicidal ideation, depression, anxiety, or violent or aggressive 
behavior.

The most common side effects experienced with topiramate include nausea, 
anorexia, weight loss, fatigue, and paresthesias.

Common adverse effects of carbamazepine include dizziness, drowsiness, dry 
mouth, tongue swelling, balance and coordination problems, nausea, and vomiting. 
Serious adverse effects include severe skin reaction (rash, Stevens-Johnson syn-
drome, and toxic epidermal necrolysis) as well as neutropenia. If carbamazepine is 
prescribed, white blood cell count should be monitored regularly during treatment.

Lamotrigine adverse effects include dizziness, headache, ataxia, nausea, blurred 
vision, somnolence, psychiatric disturbance (depression, anxiety, emotional lability, 
difficulty concentrating, nervousness), and rash.

 Dosing

See Table 8.4 for common dosing strategies for commonly used anticonvulsants.
The anticonvulsant medications are typically administered using titration sched-

ule. These medications should be used with caution in patients who are taking other 
sedating medications, and patients should not take these medications with other 
sedating medications. In the elderly, side effects can be amplified, and anticonvul-
sants should be prescribed with caution.

Table 8.4 Anticonvulsant dosing

Medication Route Dosing
Maximum daily 
dose

Gabapentin PO 
(IR)

100–1200 mg tid, titrated 3600 mg

Pregabalin PO 25–300 mg bid, titrated 600 mg
Topiramate PO 

(IR)
PO 
(ER)

25–50 mg once to twice per day
25–100 mg daily

100 mg
100 mg

Lamotrigine PO Depends on other anticonvulsants patient is 
concurrently taking

Carbamazepine PO 
(IR)
PO 
(ER)

100–600 mg bid
400–800 mg daily (initial dose 200 mg daily)

1200 mg
1200 mg

PO oral, IR immediate release, ER extended release
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 Muscle Relaxers

 Mechanism of Action

The mechanisms of action for the multiple classes of muscle relaxers are unknown. 
Each muscle relaxer may work through different mechanisms and may be more or 
less efficacious for patients on an individual basis.

Baclofen is a gamma-aminobutyric acid (GABA) agonist. The precise mecha-
nism of action is unknown. It inhibits both monosynaptic and polysynaptic reflexes 
at the spinal level and may cause the hyperpolarization of afferent terminals. Other 
binding sites occur at the supraspinal level and contribute to its clinical effect.

Cyclobenzaprine acts primarily in the brainstem by activating locus ceruleus 
neurons, increasing the release of norepinephrine in the ventral horn of the spinal 
cord, leading to increased inhibitory action of norepinephrine on gamma and alpha 
motor neurons to reduce tonic somatic motor activity.

Methocarbamol act as a general central nervous system depressant and seems to 
have no direct action on the contractile mechanism of striated muscle, the motor end 
plate, or the nerves.

Metaxalone does not directly act on skeletal muscle and potentially acts through 
central nervous system (CNS) depression.

Tizanidine is a central alpha-2-adrenergic receptor agonist and reduces spasms 
through increased presynaptic inhibition of motor neurons.

Carisoprodol acts via CNS depression.
Benzodiazepines bind to a receptor on GABA-A complexes and increase the 

frequency of chloride channel opening, leading to an increased inhibitory effect of 
GABA on neuronal excitability.

 Evidence in Spine

Overall, muscle relaxers have mixed effects in treating spine related pain. In a meta- 
analysis, cyclobenzaprine was more effective than placebo in treating back pain, but 
the effect is modest, and the risk of adverse effects is significant so it should be used 
at the lowest effective dose and avoided in elderly [15]. In patients with nonspecific 
back pain, cyclobenzaprine is effective, and no difference was noted between 5 mg 
dosing or 10 mg dosing [14]. Once daily cyclobenzaprine ER has also been shown 
to be effective in treating neck and back pain due to muscle spasm [62].

The use of combination therapy with muscle relaxants and analgesic medications 
is conflicting. Some studies have shown that combination therapy of cyclobenzap-
rine with ibuprofen or naproxen has shown no benefit for neck pain or acute non-
traumatic low back pain without radiculopathy [14, 20, 37]. In patients with acute, 
nontraumatic low back pain without radiculopathy, a combination of methocarba-
mol or orphenadrine with naproxen compared with naproxen plus placebo showed 
no benefit [36]. In addition to a lack of pain improvement, combination therapy with 

D. Dott



181

baclofen, metaxalone, or tizanidine with ibuprofen failed to lead to an improvement 
in function as well in patients with acute low back pain [39]. In a randomized, 
double-blind, comparative efficacy clinical trial, the combination of diazepam and 
naproxen vs naproxen with placebo, did not improve functional outcomes or pain in 
patients with acute, nontraumatic, nonradicular low back pain [38]. However, Toth 
and Urtis [100] found that combination of muscle relaxers, including cyclobenzap-
rine, metaxalone, and carisoprodol, can be used with analgesic medications to 
achieve improved pain control. In addition, a double-blind, double-dummy, ran-
domized, multicentric, comparative study showed that patients using combination 
tizanidine-aceclofenac had significant increases in spinal flexion and improved pain 
intensity for the treatment of acute low back pain [77]. Also, patients treated with 
tizanidine and tramadol resulted in improvement in pain at rest and with effort [87].

In patients with spasticity, multiple muscle relaxers have been found to be effec-
tive. In a systematic review found fair evidence for treatment with baclofen and 
tizanidine, and in patients with neck or back pain due to musculoskeletal conditions, 
there is fair evidence that cyclobenzaprine, carisoprodol, orphenadrine, and tizani-
dine are effective [22]. Tizanidine is a useful medication in patients suffering from 
spasticity due to spinal cord injury as well as in patients with chronic myofascial 
neck and back pain [61].

Another route of administration for the muscle relaxer baclofen is via an intra-
thecal pump. A retrospective questionnaire of patients who had undergone intrathe-
cal baclofen pump insertion who suffered from chronic mechanical low back pain 
or failed back pain demonstrated that spinal drug administration systems seem to be 
of benefit in alleviating pain in these conditions [82].

 Adverse Effects

Skeletal muscle relaxants have been shown to be beneficial in nonspecific chronic 
low back pain, but adverse effects may limit their use [104].

The most common side effects reported with all muscle relaxants are sedation, 
dizziness, vertigo, headache, memory problems, gastrointestinal disturbance, dry 
mouth. Sudden cessation of baclofen may lead to life-treating withdrawal. 
Carisoprodol should be prescribed judiciously as it has addictive properties and may 
lead to substance abuse.

 Dosing

See Table  8.5 for common dosing strategies for commonly prescribed muscle 
relaxants.

Special care should be taken when prescribing muscle relaxants with other sedat-
ing medications. In the elderly, side effects can be amplified, and muscle relaxants 
should be prescribed with caution.

8 Pharmacology



182

 Corticosteroids

 Mechanism of Action

Exogenous corticosteroids mimic the endogenous glucocorticoids produced within 
the hypothalamic-pituitary-adrenal axis. They bind to receptors in the cytoplasm 
and migrate into the nucleus where the receptor-steroid complex binds to the DNA 
and alters genetic synthesis of proteins. Multiple cellular functions are modified, 
including the production of enzymes that regulate metabolic processes as well as 
those that regulate the synthesis of inflammatory cytokines.

 Evidence in Spine

The evidence for use of corticosteroids in spine related pain is lacking. In a random-
ized, controlled trial, oral corticosteroids were more effective in pain relief than 
gabapentin or pregabalin in patients with lumbar radiating pain [53]. However, for 
patients with acute low back pain, prednisone and oral systemic corticosteroids pro-
vided no improvement in pain [35, 42]. Corticosteroids may be effective in treating 
radicular pain but likely are not effective for low back pain with or without 
radiculopathy.

 Adverse Effects

Short term use is usually well tolerated but can cause hypertension, hyperglycemia, 
flushing and warmth, and psychological effects, including anxiety, psychosis. 
Chronic use of corticosteroids can lead to a myriad of complications, including, 
osteoporosis, decreased immunity, suppression of the HPA axis with the possibility 
of acute adrenal insufficiency if the exogenous source is abruptly discontinued, 
postoperative delayed wound healing or infection, weight gain.

Table 8.5 Muscle relaxant dosing

Medication Route Dosing Maximum daily dose
Baclofen PO

IT
5–20 mg tid prn
22–1400 mcg daily infusion

80 mg
–

Cyclobenzaprine PO 5–10 mg tid prn 30 mg
Methocarbamol PO

IV
500–1500 mg 3–4 times per day prn
1000 mg tid prn

4500 mg
3000 mg

Metaxalone PO 800 mg 3–4 times per day prn 2400 mg
Tizanidine PO 2–16 mg tid prn 36 mg
Carisoprodol PO 250–350 mg qid prn 1400 mg
Diazepam PO

IV/IM
2–10 mg 3–4 times daily prn
5–10 mg q3–4h prn

–
–

PO oral, IT intrathecal, IV intravenous, IM intramuscular, prn as needed, tid three times daily, qid 
four times daily
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 Dosing

See Table 8.6 for common dosing strategies for commonly prescribed corticosteroids.

 Local Anesthetics

 Mechanism of Action

Local anesthetics decrease neuronal excitation by antagonizing sodium channels. 
Local anesthetics affect neuropathic pain.

 Evidence in Spine

Lidocaine infusions have been used in the treatment of chronic pain [68]. A review 
of patients with intractable neuropathic pain treated with lidocaine infusions dem-
onstrated significant decrease in pain [111]. However, lidocaine infusion has not 
been shown to be an effective treatment for acute lumbar radicular pain [97] and 
was no more effective in treating neuropathic pain of failed back surgery syndrome 
than placebo [76].

Mexiletine is an oral form of a local anesthetic and is not commonly used due to 
its high rate of adverse effects. In a meta-analysis, mexiletine was found to be an 
effective treatment for neuropathic pain [101]. Typically, response to a lidocaine 
infusion is used to identify patients who may have a positive response to mexiletine 
treatment [17]. More studies need to be performed examining the efficacy of mexi-
letine and the risks of adverse effects prior to recommending its routine use in treat-
ing spine-related pain.

Topical lidocaine formulations may be effective for neuropathic pain. In patients 
with localized neuropathic pain who previously were unable to tolerate or failed to 
improve with other medications, including antiepileptics, antidepressants, and opioids, 
lidocaine medicated plasters were effective in relieving pain [63]. In patients with cer-
vical radiculopathy, lidocaine 5% medicated plaster improved pain symptoms and 
allowed patients to started rehabilitative treatment with physical therapy sooner [67]. 
Lidocaine 5% medicated plaster may be a valuable additional approach for the man-
agement of neuropathic low back pain [9, 10]. Topical lidocaine formulations are typi-
cally well tolerated with a low rate of discontinuation due to adverse effects.

Table 8.6 Corticosteroid dosing

Medication Route Dosing
Maximum daily 
dose

Prednisone PO 6-day taper: 30 mg, 25 mg, 20 mg, 15 mg, 
10 mg, 5 mg in divided doses

–

Methylprednisolone
(off label)

PO 6-day taper: 24 mg, 20 mg, 16 mg, 12 mg, 
8 mg, 4 mg in divided doses

–

PO oral, IM intramuscular
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 Adverse Effects

Lidocaine infusions are overall well tolerated with side effects resolving quickly 
with interruption or discontinuation of the infusion [66].

The most common adverse effects with IV formulations include dizziness, nau-
sea, lightheadedness, ringing in the ears, hypotension, cardiac arrhythmias, and 
local anesthetic systemic toxicity, which can lead to cardiac arrest, and seizure. Side 
effects with mexiletine include GI upset, headache, blurred vision, dizziness, seda-
tion, paresthesias, weakness, elevated liver function tests. Mexiletine has a high rate 
of nausea and dizziness, which can limit its clinical use. However, in a recent study, 
mexiletine seemed to be well tolerated in its use to treat neuropathic pain [86]. 
Topical lidocaine can produce localized reactions after application.

 Dosing

See Table 8.7 for common dosing strategies for commonly used local anesthetics.

 Opioids

 Mechanism of Action

Opioids exert their effects through binding to mu, delta, and kappa G-protein- 
coupled receptors, which are widely distributed within the CNS and peripheral ner-
vous system. The range of effect produced by opioids depends on the type and 
location of the receptor that is stimulated. Agonists of the mu receptors cause anal-
gesia but also leads to sedation, respiratory depression, bradycardia, nausea, vomit-
ing, and a reduction in gastric motility. Activation of the delta receptors causes 
spinal and supraspinal analgesia and reduced gastric motility. Activation of the 
kappa receptor produces spinal analgesia, diuresis, and dysphoria. Activation of all 
of these receptors leads to a net effect of cellular hyperpolarization and reduced 
neurotransmitter release [79].

Tramadol is an atypical opioid and in addition to its opioidergic effects, also has 
noradrenergic and serotonergic actions. It also has modulatory effects on several 

Table 8.7 Local Anesthetic dosing

Medication Route Dosing Maximum daily dose
Mexiletine PO 150–900 mg daily 900 mg
Lidocaine IV: Infusion

TD: Patch
TD: Gel, cream, 
lotion, ointment

5.5 mg/kg infused over 2 hours
4–5%, apply patch(es) for up to 
12 hours within a 12-hour period. 
Patches may be cut
3–5%, apply a thin film to affected 
area 2–4 times a day

5 mg/kg maximum of 
3 patches at a time
20 g

PO oral, IV intravenous, TD transdermal
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mediators in pain signaling, such as voltage-gated sodium channels, V1 channels, 
glutamate receptors, alpha2 adrenoreceptors, adenosine receptors, and mechanisms 
involving substance P, calcitonin gene-related peptide, prostaglandin E2, and proin-
flammatory cytokines. Because of its broad spectrum of targets, tramadol can be 
used to relieve a broad range of pain, including low back, osteoarthritic, and neuro-
pathic pain. In addition, tramadol has anxiolytic and antidepressant effects that 
improve pain outcomes [8].

Buprenorphine is a unique opioid that is a partial agonist at the mu receptor and 
a weak kappa receptor antagonist and delta receptor agonist.

The available pharmacologic formulations of opioids are divided into three cate-
gories: natural (morphine, codeine, thebaine), semi-synthetic (hydromorphone, 
hydrocodone, oxycodone), and synthetic (tramadol, methadone, fentanyl, tapentadol).

 Evidence in Spine

The evidence for use of opioids in the treatment of spine-related pain is conflicting. In 
most cases, the evidence suggests that the utility of opioids is limited in the treatment 
of spine-related pain due to its significant amount of adverse effects and addictive 
properties and if used, should not be used as a first line treatment option. In a random-
ized clinical trial in patients with chronic back, hip, or knee osteoarthritis pain, imme-
diate-release opioids (morphine, oxycodone, or hydrocodone/acetaminophen) was 
not superior to nonopioid (acetaminophen or NSAID) in achieving pain relief at 
12 months [55]. A systematic review and meta-analysis of placebo- controlled ran-
domized controlled trials showed moderate quality evidence that opioids reduce pain 
in the short term. However, clinically relevant pain relief was not observed within a 
dose range of 40–240 mg morphine equivalents per day. Evidence for long-term effi-
cacy is lacking, and the efficacy of opioid use for acute low back pain is unknown [1]. 
In a Cochrane Review, there is some evidence for the use of short-term opioids to treat 
chronic low back pain. However, the trials that compare opioids to NSAIDs or antide-
pressants did not show any differences did not show any significant differences regard-
ing pain and function. There are no randomized controlled trials using opioids versus 
placebo to support the efficacy and safety of long-term opioid therapy to treat chronic 
low back pain [18]. In a Cochrane review, there is insufficient evidence to support or 
refute that morphine is efficacious for the treatment of neuropathic pain [25].

Combination of opioids with other analgesics has not been shown to be benefi-
cial for spine-related pain treatment. The addition of oxycodone/acetaminophen to 
naproxen did not improve functional outcomes or pain in patients with acute non-
traumatic low back pain without radiculopathy [37]. In a Cochrane Review, there is 
insufficient evidence to support or refute the use of paracetamol in combination 
with codeine or dihydrocodeine for neuropathic pain [110].

Tramadol is an opioid with some unique properties and may be more efficacious 
in treating spine-related pain. When used as part of combination treatment, the com-
bination of tramadol and dexketoprofen resulted in effective treatment for non- 
specific acute low back pain, higher compliance, fewer side effects, and less 
rescue-drug use [81], and the combination of tramadol with NSAID may decrease 
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the incidence of adverse events and may help prevent the transition of acute low 
back pain to chronic low back pain [48]. In patients with chronic low back pain, 
tramadol extended release (ER) was found to be more effective in treating pain than 
placebo [105]. In a randomized, double-blind, placebo-controlled, parallel-group 
study, tramadol ER was more effective than placebo in providing pain relief, func-
tional improvements, and improved quality of life in patients with chronic low back 
pain [56]. Tramadol may also improve other comorbidities that often accompany 
pain. In a retrospective case-control study of patients with chronic low back pain, 
tramadol and acetaminophen versus celecoxib alone was more effective in confer-
ring a motivational effect while also being effective in reducing chronic low back 
pain [99]. The combination of tramadol-acetaminophen was more effective than 
NSAIDs at in treating pain and also conferred an antidepressant effect that NSAIDs 
did not [98]. However, in a systematic review, there was no reliable indication for 
the use of tramadol to treat neuropathic pain [31].

A few studies have demonstrated that long acting opioids may be effective in 
spine-related pain. Once daily hydrocodone has been shown to be efficacious in 
treating uncontrolled moderate to severe chronic low back pain and was generally 
well tolerated [108]. In another study, oxycodone controlled-release was more 
effective than placebo in providing pain relief and improvements in quality of life 
and quality of sleep. However, oxycodone had significantly more side effects than 
placebo [60]. In addition, tapentadol prolonged release was more effective in treat-
ing neuropathic pain symptoms and at improving global health status than oxyco-
done/naloxone prolonged release and had improved gastrointestinal tolerability 
[9, 10].

A couple of opioids are available in transdermal and buccal formulations that 
bypass first pass metabolism. Buprenorphine buccal film has been effective in treat-
ing moderate to severe pain in patients with chronic low back pain [83], and trans-
dermal fentanyl was noninferior to gabapentin for the treatment of lumbar radicular 
pain in terms of pain reduction with no difference in patient functional status, 
depressive symptoms, and the occurrence of adverse events [47].

Opioids may provide a synergistic effect when used in combination with other 
medications. In patients with chronic low back pain with or without leg pain, trama-
dol plus paracetamol versus placebo and buprenorphine plus pregabalin versus 
buprenorphine alone provided significant reduction in pain intensity [64].

Opioids can also be administered via intrathecal pump and may have some neu-
romodulatory effects. This will be further discussed in the neuromodulation chapter.

 Adverse Effects

The medium- and long-term use of opioids for chronic non-cancer pain is associated 
with a number of adverse events, including serious events [33]. The most common 
side effects of opioids include sedation, dizziness, nausea, vomiting, constipation, 
physical dependency, tolerance, addiction, and respiratory depression. Overdose can 
cause severe and life-threatening respiratory depression.
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Aside from common side effects, in patients with chronic pain, night-time sleep 
disturbance is common and may be exacerbated by opioid treatment. In comparison 
to patients receiving non-opioid medications for chronic back pain, patients taking 
opioid medications (>100 mg morphine equivalent per day) for chronic back pain 
demonstrated distinctly abnormal brain activity during sleep [84].

 Dosing

See Table 8.8 for commonly prescribed opioid dosing strategies.

 Capsaicin

 Mechanism of Action

Topical capsaicin is an agonist for TRPV1 receptors, which are activated by high 
temperatures, pH <6.0, or a combination of the two. TRPV1 receptor activation 
leads to depolarization of C and A delta fibers, leading to a sensation of warmth, 
burning, stinging, or itching. Capsaicin generates a persistent effect and increases 
calcium permeability at multiple levels. Sustained high levels of intracellular cal-
cium activates proteases and an induce the depolymerization of microtubules. High 
levels of intracellular calcium and chloride lead to osmotic swelling. An additional 
effect of capsaicin is to disrupt mitochondria respiration. The combination of these 
actions leads to impaired local nociceptor function and desensitization [4].

Table 8.8 Opioid dosing

Medication Route Dosing
Maximum 
daily dose

Codeine PO 15–60 mg q4–6h prn 360 mg
Tramadol PO (IR)

PO (ER)
50–100 mg q4–6h prn
100 mg daily

400 mg
300 mg

Morphine PO (IR)
PO (ER)

15–30 mg q4–12h prn
Once or twice daily dosing depending on formulation

–
–

Hydrocodone PO (IR)
PO (ER)

2.5–10 mg q4–12h prn
Once daily dosing

–
–

Oxycodone PO (IR)
PO (ER)

2.5–30 mg q4–12h prn
Twice daily dosing

–
–

Hydromorphone PO (IR)
PO (ER)

2–4 mg q4–12h prn
Once daily dosing

–
–

Methadone PO 10 mg 2–3 times daily –
Fentanyl TD: Patch 12.5–100 mcg/h q72h –
Tapentadol PO (IR)

PO (ER)
50–100 mg q4–6h prn
50–250 mg bid

–
–

Buprenorphine Buccal
TD: Patch

75–900 mg bid
5–20 mcg/h q7d

1000 mg
20 mcg/h

PO oral, IR immediate release, ER extended release, TD transdermal, bid twice daily, prn as needed
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 Evidence in Spine

Capsaicin comes in a topical formulation that can be helpful in the treatment of 
neuropathic pain. Topical capsaicin capsaicin 8% patch may be a valuable addi-
tional approach for the management of neuropathic low back pain [9, 10]. 
Application of a high-dose capsaicin 8% patch within innervated territories helped 
to alleviate painful radiculopathy [11]. However, capsaicin’s use is limited due to its 
high incidence of discontinuation due to intolerable adverse effects.

 Adverse Effects

Capsaicin typically does not systemic effects but can cause localized erythema, 
induration, burning, itching, and pain. Rare side effects include cardiac dysrhyth-
mias and hypertension.

 N-Methyl-D-Aspartate (NMDA) Receptor Antagonists

 Mechanism of Action

Ketamine is the most commonly known and used NMDA receptor antagonist and 
alters the actions of glutamate.

 Evidence in Spine

Ketamine is most commonly used as an intravenous (IV) infusion in the treatment 
of pain. For patients with acute pain, ketamine may help to attenuate pain unrelieved 
by other modalities. In patients with acute pain who became tolerant to opioids and 
not achieving adequate pain control, ketamine could be used as an adjuvant for 
severe intractable pain [19]. In patients with acute pain, including low back pain, 
who presented to the emergency room, low dose-ketamine produced a significant 
analgesic effect within 5 minutes of administration and provided a moderate reduc-
tion in pain for 2 hours. However, this reduction in pain was not superior to mor-
phine when analyzed using the numeric rating scale [69].

Ketamine infusions may be helpful in the treatment of chronic pain and may be 
aid in decreasing opioid medications. In a review analyzing previous trials of ket-
amine as a single dose, continuous infusion, patient-controlled analgesia, epidural 
ketamine with opioids, and studies in children, IV PCA with ketamine versus mor-
phine alone did not improve analgesia. IV infusion or single bolus dose of ket-
amine resulted in a decrease in opioid requirements in a majority of studies, and a 
majority of trial with epidural ketamine showed beneficial effects. Low dose 
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ketamine may be a useful adjuvant in pain treatment [95]. In a retrospective analy-
sis evaluating the efficacy of outpatient IV ketamine infusions for chronic intrac-
table pain, patients obtained a significant decrease in visual analog scale (VAS) 
score and half of the patients had relief lasting up to 3 weeks with minimal side 
effects [80]. In patient with chronic whiplash associated pain, 7 out of 20 patients 
had no improvement with any of the interventions (placebo, placebo/remifentanil, 
ketamine/placebo, ketamine/remifentanil) but in the patients who did respond, the 
combination of ketamine and remifentanil showed an analgesic effect on habitual 
pain and ketamine seemed to enhance the effect of remifentanil on electrical pain 
thresholds [58].

Topical ketamine has been used to treat neuropathic pain, including lumbar 
radiculopathy, and patients reported a significant decrease in numerical analogue 
scale after initial application as well as alterations in temperature sensation, feelings 
of relaxation, and decreased tension in the area of relaxation. Ketamine gel may be 
a potential option for patients with chronic neuropathic pain [40].

 Adverse Effects

At low doses, ketamine is relatively well tolerated. Adverse effects include depressed 
mental state, feelings of detachment, slurred speech, hallucinations, dizziness, and 
nystagmus. Other more serious effects include, chest pain, hypertension, changes in 
heart rate, amnesia, coma, delirium, hyperthermia, seizures, nausea and vomiting, 
changes in respiratory rate, salivation, laryngeal spasm, anxiety, and muscle rigidity.

 Tumor Necrosis Factor (TNF) Inhibitors (Anti-TNF)

 Mechanism of Action

Anti-TNF medications suppress the immune system by blocking the action of TNF, 
which is a substance that leads to inflammation and auto-immune diseases.

 Evidence in Spine

Etanercept is an anti-TNF medication that has been used in patients with axial spon-
dyloarthritis. In this patient population, it seems to slow the progression of sacroil-
iac joint changes compared to patients not receiving biologics [30] and has been 
shown to reduce spine and sacroiliac joint inflammation via MRI imaging [43]. In 
patients with rheumatologic etiologies of spine-pain, anti-TNF medications may be 
helpful in preventing progression of the disease and evaluation for disease modify-
ing agents may be warranted.
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 Adverse Effects

The most common side effects of etanercept include GI disturbance (nausea, vomit-
ing, abdominal pain, diarrhea, gastroesophageal reflux), headache, weight changes, 
weakness, and pain or discomfort at the injection site. Other serious side effects can 
include seizures, swelling, rash or skin changes, increased risk of infection, GI 
bleed, joint pain or swelling.

 Prostaglandin E1 (PGE1) Derivatives

 Mechanism of Action

PGE1 derivatives are agonists of the E1 receptor, a G-protein receptor. PGE1 is a 
vasodilator and causes angiogenesis. It is thought that the improvement in circula-
tion exerts an analgesic effect [50].

 Use in Spine

Limaprost has been used to treat pain due to lumbar spinal stenosis in Japan. 
Limaprost has also been shown to be effective in treating neuropathic pain [50]. In 
patients with cervical spondylotic radiculopathy, limaprost was superior to pregaba-
lin in treating arm numbness [74]. Although it is not approved to treat pain in the 
United States currently, PGE1 derivatives may be an option for patients who fail to 
improve with other treatments.

 Adverse Effects

The most common adverse effects include headache, flushing and GI disturbance 
(diarrhea, nausea, vomiting, and abdominal pain).

 Other

There is a paucity of literature evaluating the efficacy of topical agents for the use 
of radicular pain. Topical compound formulations may provide localized delivery of 
medications without the adverse effects that may limit the use of systemic formula-
tions in patients. Safaeian et al. [88] describe the use of topical formulation com-
pound cream composed of diclofenac, ibuprofen, baclofen, cyclobenzaprine, 
bupivacaine, gabapentin, and pentoxifylline (T7) as an effective treatment for radic-
ular pain.
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 Conclusion

Many pharmacologic therapies have some evidence for effectiveness in treating 
chronic and acute low back pain [21]. However, the effects of pain reduction and 
improvement in function is typically small to moderate and is typically only short 
lasting [54]. Pharmacological treatment is often based on tradition and personal 
experience as the literature is lacking in studies that can be used to formulate 
evidence- based guidelines [71]. Multiple guidelines have been published regarding 
medication management for the treatment of pain [7, 12, 23, 85, 102]. However, 
significant differences between guidelines in terms of attitude towards pharmaco-
therapy, analgesics of first choice, and recommendations for or against the prescrip-
tion of specific pharmacological treatments exist [90]. One overarching 
recommendation is that opioids should only be considered a last resort option in 
cases that all other pharmacological options have failed and after a discussion of 
risks and benefits has occurred. Of the medications available, type of pain (nocicep-
tive versus neuropathic), diagnosis and origin of pain, safety profile, and patient- 
specific issues (ex. past medical history and past experiences with similar 
medications) are important factors that should influence medication choice should 
pharmacologic intervention be warranted.
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9Interdisciplinary Pain Management

Richard C. Robinson

 Introduction

Pain is a complex sensory and emotional experience that impacts multiple areas of 
a person’s life the longer it persists [4]. As pain becomes chronic, longer than 3–6 
months, it impacts multiple psychological and social areas with increasing severity 
[4]. Specifically, it impacts cognitive domains: attention, concentration, executive 
functioning and word finding [55]. Chronic pain also impacts mood – increasing the 
chances of depressed mood and anxiety [5]. Lastly chronic pain has tremendous 
social effects with regard to work, interpersonal functioning and sense of identity 
[4]. Chronic pain does not only impact an individual, but also impacts society at 
large with regard to healthcare costs and lost productivity [3].

Given the complex nature of pain as it becomes chronic, the approach that con-
siders biological, psychological and social impacts of pain – the biopsychosocial 
approach – remains the most useful manner to address these complex set of physi-
cal, emotional and cognitive sequelae [4]. Therefore, to treat a complex condition 
such as chronic pain requires expertise in each of these facets. The interdisciplinary 
approach to pain management – where multiple disciplines work in a cohesive fash-
ion in one setting – is arguably the best manner in which to address these complex 
set of factors [26].

Pain is a debilitating condition that impacts over 100 million people in the United 
States [3]. Furthermore, the cost of pain is estimated to be somewhere between $500 
and $635 billion dollars a year when direct medical costs and lost productivity are 
taken into account [3]. Furthermore, pain is more costly than any other health condi-
tion in the United States aside from cardiovascular disease [3]. Although hundreds 
of billions of dollars is spent on the treatment of pain a year, the prevalence of pain 
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continues to rise, especially with regard to the most common type of pain, chronic 
low back pain (CLBP) [3].

Pain is meant to serve a biologically adaptive function. Specifically, it alerts one 
to an injury or illness when it is serving its evolutionary purpose [7]. An individual 
with a broken leg is alerted by pain to take pressure of the leg, or an individual with 
an infection is notified by pain to treat the injury. However, the longer pain persists, 
the less adaptive it becomes especially when there is no clear biological benefit for 
the pain and it simply interferes with an individual’s life [4]. It is an axiom that the 
longer pain persists, the more important the role of psychosocial factors become in 
the maintenance and aggravation of pain.

 Biopsychosocial

The biopsychosocial approach to chronic illness was first described by George 
Engel – an internist and psychiatrist at the University of Rochester. This approach is 
meant to supplement, but not replace, the traditional biomedical model of pain [12]. 
With regard to the biomedical model of pain, pain is assumed to correspond with the 
degree of tissue damage. From this model, concepts of “functional” vs. “organic” 
pain developed which suggested that pain has a biological origin in the case of 
“organic” pain or it is serving some type of psychological/or other “function” with 
regard to “functional pain.” In other words, the biomedical model assumes pain is 
either “physical” or “psychological” [7]. This perspective is based on the specificity 
theory of pain developed by Rene Descartes, which presupposes that the amount of 
tissue damage should equate to the amount of pain a person experiences [7]. This 
has led to the unfortunate distinctions mentioned above that could also be summa-
rized as “real” versus “fake” pain by those unfamiliar with the complex nature of 
pain once it becomes chronic.

Although the biomedical model of pain has led to many advancements in the 
treatment of pain, one could argue that it has struggled to address the growing epi-
demic of chronic pain. As mentioned, the biopsychosocial model of pain is not 
meant to exclude the importance of biological factors such as illness and injury in 
the experience of pain [4]. Rather, it is meant to elaborate the conception of pain to 
include psychological and contextual factors. As most practitioners who work with 
individuals with chronic pain understand, the psychological and contextual factors 
can serve to impair improvement in the experience of pain [7].

Beecher was one of the first researchers to note how the impact of psychosocial 
factors on the experience of pain [7]. He worked as a surgeon during World War II 
in Anzio Italy. He noted that 20% of combat soldiers required powerful analgesics 
despite not being in shock and with serious injuries [10]. It was concluded that the 
meaning of the pain, which could be associated with no longer being in danger, was 
not seen as the alarm that others might have experienced it if they were going to be 
sent back to life-threatening situations [10]. Other studies have found the impor-
tance of mood on pain, with better moods being associated with higher pain toler-
ance than individuals who were experiencing dysphoric or anxious mood states [5].

R. C. Robinson



201

The role of cognition has also been long understood to play a role in the pain 
experience. In fact, when individuals are trained in simple distraction techniques 
their pain tolerance, as measured by the cold pressor tests increase. In addition, self- 
talk regarding the nature of pain has long been recognized to play a role in the pain 
experience [5].

 Neuroscience of Pain

Our understanding of the neuroscience of pain has grown exponentially over the last 
20 years [15]. Although the insight of the Gate Control Theory of pain remains rela-
tive today, we have a much clearer understanding of pain pathways and are begin-
ning to understand the way in which the brain changes in response to effective 
treatment of pain.

Most patients are surprised to learn that they have no pain receptors, but rather 
nociceptors. These nociceptors – when stimulated at a sufficient intensity and inter-
preted by the brain as dangerous – often translate to the experience of pain [13]. An 
essential component of interdisciplinary care is education and helping patients 
understand that tissue damage does not always equate to pain and that there can be 
pain without ongoing tissue damage [4, 13]. For instance, in our interdisciplinary 
pain program we often use the example of cutting oneself in the garden or garage 
and not even noticing an injury until you see blood. Also, most people are familiar 
with the concept of phantom limb pain – where a person experiences pain but with-
out nociception.

Understanding the basic neuroscience of pain is an essential element to manag-
ing pain and allows individual to gain a better grasp of their symptoms. As men-
tioned, “Pain is a complex sensory and emotional experience that can vary widely 
between people and even with an individual depending on the context and meaning 
of the pain and the psychological state of the person” [5].

The Gate Control Theory of Pain ushered in the psychosocial aspects of our 
understanding of pain. The theory developed by Melzack and Wall postulated that 
both peripheral nerve signals and descending signals from the brain could impact an 
interneuron in the dorsal horn of the spinal column which served a gate-like mecha-
nism [14]. With regard to peripheral nerve signals, rubbing one’s leg after bumping 
it would serve to partially close this gate like mechanism. Descending nerve fibers 
from the periaquaductal gray area of the brain could also serve to partly mitigate the 
transmission of signals within someone who was in a pleasant mood or who was 
distracted, as just two examples [14].

However, with the development of newer technologies, our understanding of the 
neuroscience of pain has continued to grow [15]. When nociceptive signals pass 
through the gate-like mechanism of the dorsal horn of the spinal column they first 
go to the thalamus of the brain – the major relay station of the brain. Projections 
then connect the signals from the thalamus to the primary and secondary somato-
sensory cortex that process where a sensation is occurring in the body as well as the 
texture of the sensation, e.g., an itch or a crunch [15]. However, if someone were 
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only to experience nociceptive signals in these areas of the brain, they might be at 
risk of interpreting the signals as more of a crunching than that of a noxious sig-
nal [18].

Pain becomes “pain” in the limbic systems of the brain. The limbic system is the 
pain and emotional processing center of the brain [15]. Although the idea of a lim-
bic “system” is an area of debate within neuroscience, it remains a useful concept 
regarding the processing of nociceptive signals from the body. Specifically, the lim-
bic system quickly categorizes external and internal input as positive or negative 
[17]. For instance, a pleasant meal may quickly be categorized by the positive 
valence system, while a cut to the leg may be processed by the negative 
valence system.

The limbic system that includes areas of the brain such as the hippocampus, 
amygdala, basal ganglia, interior cingulate cortex and anterior cingulate cortex [17]. 
Christopher DeCharms, Sean Mackey and colleagues conducted a series of studies 
that allowed participants to see activity in their anterior cingulate cortex (ACC) 
[18]. Through distraction and other commonly practiced pain management tech-
niques subjects were able to decrease activation in the ACC and reduce the pain they 
experienced [18]. Individuals with chronic pain were able to decrease their pain by 
65% and individuals where pain was induced were able to decrease their pain by 
25% [18]. Furthermore, Bushnell and colleagues demonstrated in one study the dif-
ferent parts of the brain that were involved in the management of pain [5]. 
Specifically, in their study they found that attentional modulation was related to the 
superior parietal lobe, somatosensory cortex and insula. However, emotional con-
trol was related to the periaqueductal grey, and prefrontal cortex [5]. Furthermore, 
these same areas of the brain demonstrate functional changes when an individual 
engages in cognitive-behavioral therapy. Finally, newer research is demonstrating 
changes in grey matter in some of the same areas described above when pain 
improves, but this work remains preliminary [56].

 Psychological Impact of Pain

As mentioned, pain is a complex sensory and emotional experience, and the longer 
pain persists the greater the impact on an individual’s life [4]. Anecdotally, individu-
als with pain may begin to experience difficulty with sleep, difficulty concentrating 
and lower distress tolerance. As pain persists, it appears to impact more and more 
areas of an individual’s life. As concentration and sleep become impacted, it is not 
a surprise that performance at work or school may begin to suffer. As difficulty in 
occupation functioning increases, one’s sense of self may begin to diminish.

The most apt analogy to an emotion regarding pain is to that of anxiety. Anxiety 
serves as a signal that indicates danger in the external or internal world [17]. Pain 
serves a similar function as it is meant to signal damage to tissue or an illness that 
requires attention or a change in behavior [13]. However, the consequences of per-
sistent pain are more commonly associated with depression, with estimates as high 
of 58% of individuals suffering from major depressive disorder [23].
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Cognitive consequences of pain appear clear with regard to attention and concen-
tration, but our understanding of the impact of pain is often confounded by co- 
occurring factors, such factors include difficulty with sleep, medication and mood 
state [19]. Working memory also appears impaired by pain, especially regarding 
working memory involving visual systems [19].

Executive functioning refers to the concept of control and reasoning. However, it 
should be noted that difficulties in one area of cognitive faculties, such as attention 
and concentration, may inevitably lead to difficulties with executive functioning to 
some extent. Executive functioning, “refers to our ability to problem solve, learn 
from errors and organize input as well as our response” [19]. Evidence of the nega-
tive impact of pain on cognitive functioning is observed with the Iowa Gambling 
Task where individuals attempt to win money by engaging in a simulated gambling 
activity [20]. This test has been shown to correlate with aspects of executive func-
tioning and emotional problems solving [20].

Consistent with the impact of pain on cognitive functioning, various neuroimag-
ing and testing techniques have also begun to note evidence of anatomical changes 
within the brain [56]. Findings from the neuroscience literature have noted decreases 
in grey matter in areas central in processing both pain and emotion. Specifically, 
changes in grey matter have been noted in the anterior cingulate cortex, insula cor-
tex and prefrontal cortex. Some evidence also suggests change in white matter in 
similar regions [5]. The exact cause and mechanisms of these changes remain 
unclear, but some researches have hypothesized it is due to neuroexcitation of these 
circuits over time [5].

As previously mentioned, the emotional impact chronic pain is self-evident to 
anyone who has had pain for more than 3–6 months. It should be noted that normal 
reactions of frustration, irritability and worry are not considered psychological con-
ditions. However, as pain continues to tax coping resources and has more detrimen-
tal effects an estimated 59% of individuals develop a disorder that meet full criteria 
for a behavioral health disorder [22]. Previous studies have reported rates of major 
depressive disorder that range from 34% to 58% [22–24]. When adjustment disor-
der with depressed mood is also taken into consideration, these numbers rise. Also, 
in one study an estimated 35% of individuals suffered from an anxiety disorder [24].

 Psychological Treatment of Pain

Before proceeding to a more specific explication of how the biopsychosocial 
approach to pain management is implemented through an interdisciplinary pain 
management program, a brief review of treatment of pain from a psychological 
perspective is warranted. The approach taken for many pain practitioners can be 
summarized as a “top – down” and “bottom – up” approach to pain management. 
Specifically, “top  – down” interventions refer to interventions such as providing 
education regarding the nature of pain, distinction between the concepts of “hurt” 
versus “harm” and providing other useful information, including education on gen-
eral self-care, sleep, appropriate exercise and nutrition [4, 36]. The “top – down” 
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approaches also include skills training in techniques that have proven to be effective 
to manage pain, such as mindfulness meditation, relaxation training, pacing, hypno-
sis, etc. Approaches categorized as “bottom – up” utilize more traditional therapy 
techniques to assist in addressing maladaptive thoughts, feelings and beliefs regard-
ing pain [4].

Cognitive-behavioral therapy remains the “gold-standard” for the treatment of 
chronic pain, but increasing evidence supports the use of therapies such as accep-
tance commitment therapy and emotional awareness and expressive therapy [4, 50, 
51]. Cognitive-behavioral therapy posits that the functioning of the clinically rele-
vant aspects of a person can be divided into thoughts, feelings and behaviors [43]. 
Also these elements of a person are considered to be bi-directional and operate 
within a system. Therefore, changing one element of the system – thoughts, feelings 
or behaviors  – can change the functioning of the other elements. For example, 
addressing what are commonly referred to as “automatic negative thoughts” testing 
them to reasoning and experimentation can lead to more balance, objective and 
realistic thoughts [43]. Also, finding ways to reinforce adaptive behavior could 
impact thinking and feeling.

Turk and Gatchel described goals that have been shown to be helpful for indi-
viduals suffering from chronic pain [4]. The first goal is to help an individual with 
chronic pain begin to identify and change thoughts they may be having about their 
pain from something that feels out of their control to something that could be 
impacted positively. The next goal is what was previously described as the “top- 
down” techniques, where individuals learn how to develop self-regulation over 
some of their physiological functioning through practices such as relaxation train-
ing, biofeedback and mindfulness meditation [4].

The remaining three goals involve improving and strengthening coping and resil-
iency. Specifically, to help individuals move to more active problem-solving 
approaches and promote a sense of self-efficacy where they feel that there are 
options to help manage pain. The last two goals involve the ongoing ability to assess 
the interaction among their thoughts feelings and behaviors. Lastly, the intended 
outcome is for an individual to be able to apply the armamentarium of tools in mul-
tiple settings in flexible and adaptive manners. For instance, finding ways to pace or 
meditate at work or during other activities of daily living [4].

 Interdisciplinary Care

The biopsychosocial approach to approach to pain includes respect of the biologi-
cal, psychological and social aspects of pain and posits that to effectively treat pain, 
all three elements, and sub-elements, must be attended to and addressed as much as 
feasible [26]. Anecdotally, practitioners unfamiliar with practicing in this model 
may assume that physical pathology is minimized in favor of psychosocial factors. 
However, that is an inaccurate assumption and physician’s typically lead the inter-
disciplinary programs. Although we now know that there is a weak correlation 
between the amount of tissue damage/physical pathology with the experience of 
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chronic pain, there remains a correlation [7]. Medical staff not only lead the inter-
disciplinary team in most settings but may order additional diagnostic tests and 
engage different medical specialties. In addition, medication and interventions may 
also be recommended and implemented withing the context of interdisciplinary 
care [26].

Along those lines, physical therapy is an essential element of interdisciplinary 
care. As most reading this will know, is essential to addressing physical contributors 
to pain through traditional modalities related to graded exercise, stretching and 
strengthening [39]. Through the years, other techniques have been refined to assist 
in the decrease of pain and allow for more progressively challenging activity, e.g., 
dry-needling, craniosacral therapy, etc. However, physical therapy plays a major 
role in the psychosocial aspect of treatment as well. Specifically, physical therapy is 
crucial in helping some individuals struggling with kinesiophobia, fear of move-
ment, and avoidance of activity [38]. Also, physical therapy helps promote a sense 
of self-efficacy mentioned previously [38].

A distinction is often made between multidisciplinary and interdisciplinary, 
although this distinction is not readily adopted within the pain management field. 
However, there are important differences. Specifically, interdisciplinary care 
involves the delivery of care in one setting, allowing staff and faculty to collaborate 
in both formal (e.g., case conferences) and informal ways. Multidisciplinary refers 
to the delivery of services from multiple disciplines, but at disparate locations, mak-
ing collaboration somewhat more challenging [26].

The evidence for the effectiveness of interdisciplinary pain management has 
accumulated over decades. Functional restoration is a type of interdisciplinary care 
that was developed for individuals receiving Worker’s Compensation benefits who 
had failed multiple other treatments. In a landmark study, Mayer, Gatchel et  al. 
compared individuals who had undergone a functional restoration program over the 
course of 2 years [48]. They found that 87% of individuals who had undergone 
functional restoration were working at 2-years compared to 41% of the comparison 
group who received treatment as usual. In addition, the investigators found twice as 
many surgeries in the comparison group than the functional restoration group. 
Furthermore, the comparison group engaged in five times more health care visits 
and were more likely to be reinjured [48]. These findings were replicated both in the 
US and abroad over three decades [26].

Friederich and colleagues evaluated 93 individuals with chronic low back pain 
and compared standard exercise to interdisciplinary care [57]. They found that even 
after 5 years individuals who engaged in interdisciplinary care reported lower pain 
and disability than individuals who engaged in standard exercise [57].

Fairbank and colleagues engaged in a multicenter randomized control trial for 
349 individuals with chronic low back pain and compared spinal fusion to interdis-
ciplinary pain management [58]. Both groups showed improvement with regard to 
pain ratings and disability on self-report measures. However, the cost of interdisci-
plinary care was almost half of the cost of spinal fusion [58].

Other efforts examining interdisciplinary care have focused on the intensity of 
treatment. Skouen and colleagues examined 195 clients with chronic low back pain 
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and compared a “light” interdisciplinary program, to a more intensive interdisci-
plinary program to treatment as usual [59]. The investigators found that interdisci-
plinary care had better outcomes than treatment as usual. Furthermore, they found 
that there was not differences between light or intensive interdisciplinary pain pro-
grams [59].

The long-term effectiveness of interdisciplinary care was also reinforced by the 
work of Oslund and colleagues through an intensive interdisciplinary pain program 
that combined physical therapy, cognitive-behavioral therapy, occupational therapy 
and intensive case management [60]. As one would expect, there were significant 
improvements in both pain reduction and hours resting after the four-week program. 
However, these gains were also maintained after 1 year [60].

The cost effectiveness of interdisciplinary care has also been evaluated. For 
instance, Gatchel and Okifuji found that annual medical costs were reduced by 68% 
in individuals who engaged in interdisciplinary care [61]. Furthermore, when the 
costs saving were extrapolated to evaluate the difference between individuals who 
underwent conventional care compared to interdisciplinary care, the results reflected 
a significant cost savings [61].

 Conclusion

Chronic pain is a costly and debilitating medical condition that impacts multiple 
areas of an individuals life. The biopsychosocial approach to pain management 
builds upon the traditional biomedical model and it expands the area of focus to also 
include psychological and social functioning. The evidence for the effectiveness of 
interdisciplinary care to address the underlying biological, psychological and social 
factors have accumulated over decades to demonstrate the effectiveness of this 
approach.
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10Spine Injections in the Management 
of Painful Spinal Conditions

Stephanie Jones, Ivan N. Chew, and Judy Yang

 Introduction

Spinal pain conditions are extremely prevalent. In fact, low back pain is the most 
common cause of activity limitation and work absence throughout much of the 
world [1]. Studies show that low back pain causes more global disability than any 
other condition [2]. Unlike many other conditions, there are multiple pain genera-
tors that can contribute to low back pain, sometimes complicating the treatment 
approach. In an effort to identify the source of pain and develop an appropriate treat-
ment, low back pain can be categorized according to symptoms and/or chronicity. 
One of the most common ways to separate low back pain is based on radicular or 
axial complaints. Several conservative treatment modalities can be successfully uti-
lized in the treatment of lumbar spinal pain conditions. However, when such inter-
ventions fail to provide adequate relief, specialists can offer more invasive options 
such as targeted spinal injections in the treatment of both axial and radicular spinal 
pain syndromes.

Neck pain is also a common cause of disability, ranking fourth in the USA as one 
of the most common disabling health conditions [3]. Nearly 50% of the general 
population will succumb to cervicalgia (neck pain) during their lifetime [4]. The 
treatment of cervical spine pain is similar to low back pain, and interventional spine 
specialists often utilize similar spinal injections for neck pain as for low back pain.

The goal of this chapter is to review the most common spinal injections utilized 
in the treatment of various spinal pain conditions, including a review of the evidence 
supporting the continued use of these injections, and also a review of potential com-
plications from these minimally invasive spinal injections.

S. Jones (*) · I. N. Chew · J. Yang
Department of Anesthesiology and Pain Management, University of Texas Southwestern 
Medical Center, Dallas, TX, USA
e-mail: JONES@UTSOUTHWESTERN.EDU; Ivan.chew@utsouthwestern.edu;  
Judy.yang@utsouthwestern.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. E. Noe (ed.), Multidisciplinary Spine Care, 
https://doi.org/10.1007/978-3-031-04990-3_10

mailto:JONES@UTSOUTHWESTERN.EDU
mailto:Ivan.chew@utsouthwestern.edu
mailto:Judy.yang@utsouthwestern.edu
mailto:Judy.yang@utsouthwestern.edu
https://doi.org/10.1007/978-3-031-04990-3_10


212

 Epidural Steroid Injections

 Background

Therapeutic substances such as combinations of saline and various local anesthetics 
have been injected into the lumbar epidural space for over a hundred years in an 
attempt to treat lumbar spine pain. However, it was not until 1953 that corticoste-
roids were first administered to the lumbar epidural space to manage lumbar radicu-
lar pain by Lievre et al. [5]. Later, the first controlled trial evaluating the efficacy of 
epidural steroid injections was performed by Swerdlow and Sayle-Creer in 1970 [6].

 Mechanism of Action

The mechanism of action of steroids in the treatment of low back pain has been 
debated for years. Corticosteroids inhibit phospholipase A2, an inflammatory medi-
ator found in high concentrations in herniated discs [7]. However, the primary role 
of phospholipase A2 is its involvement in the conversion of arachidonic acid to 
inflammatory prostaglandins, prostacyclins, thromboxanes, and leukotrienes. These 
mediators increase pain and inflammation, and excite peripheral nociceptors. 
Through inhibition of phospholipase A2, such inflammatory mediators are reduced 
by administration of steroids [8]. Corticosteroids also have direct analgesic effects, 
and have been found to reduce conduction in unmyelinated C fibers [9]. Despite 
multiple postulated mechanisms to support the use of epidural steroids in the treat-
ment of lumbar spine pain conditions, epidural steroid administration continues to 
be controversial. Studies have shown that the administration of saline, local anes-
thetic, or any nonsteroid solution can exert an analgesic effect simply via the “wash-
out” of inflammatory cytokines [10]. A 2015 review by Manchikanti et al. suggested 
steroid use in epidural injections was not superior to local anesthetic injections [11]. 
However, subsequent studies have continued to support the use of epidural steroid 
injections, which counters such a conclusion. An extensive 2018 review showed 
superiority of epidural steroid injections to local anesthetic alone, especially for 
short-term pain relief [12].

 Lumbar Interlaminar Epidural Steroid Injections

There are primarily three different approaches to deposit steroid into the lumbar 
epidural space, the interlaminar approach, the transforaminal approach and the cau-
dal approach. The interlaminar approach involves the passage of a needle through 
the interlaminar space and ligamentum flavum using a “loss of resistance” tech-
nique to deliver medication to the epidural space. Classically, this approach was 
utilized as a blind technique prior to the addition of fluoroscopic-guidance, and 
continues to be the approach for blind placement of perioperative epidural catheters 
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for laboring patients or surgical patients receiving epidural analgesia. It is now best 
practice to perform this technique using fluoroscopic guidance when utilizing epi-
dural steroid injections for therapeutic purposes. Fluoroscopy allows the practitio-
ner to ensure appropriate epidurography with dye spread prior to injecting a 
therapeutic substance. Studies have shown that even in experienced hands, blind 
interlaminar epidural injections are inappropriately placed approximately 20% of 
the time [13].

There are advantages and disadvantages to the interlaminar technique. Advantages 
of the interlaminar approach include deposition of steroid at more than one spinal 
level. A single interlaminar injection can also be utilized for bilateral lower extrem-
ity pain complaints. Disadvantages to this approach include increased risk of dural 
puncture, primary spread of injectate in the dorsal epidural space, which is more 
distant from the anterior epidural space and the proposed primary source of pathol-
ogy. However, some studies do suggest anterior spread with an interlaminar 
approach, specifically using a paramedian approach, as illustrated by Candido et al. 
[14]. Figure 10.1 shows an anterior-posterior fluoroscopic image of an L34 inter-
laminar epidural injection of radiopaque contrast.

Fig. 10.1 Lumbar 
interlaminar ESI
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 Evidence

Interlaminar epidural steroid injections have been studied extensively for their effi-
cacy in treating radicular pain due to a disk herniation, pain due to spinal stenosis, 
axial back pain in the absence of disk herniation, and failed back surgery syndrome. 
A 2017 review specifically evaluated the efficacy of lumbar interlaminar epidural 
steroid injections with fluoroscopic guidance in the treatment of radicular pain 
related to lumbar disc herniation, radicular pain due to lumbar spinal stenosis, radic-
ular pain of unclear etiology, and back and/or leg pain due to unclear or multiple 
etiologies [15]. The review of the literature yielded 71 articles on fluoroscopically 
guided L-ILESI (lumbar interlaminar epidural steroid injections) for treatment of 
lower extremity and/or low back pain due to multiple etiologies. Only 41 met the 
stringent inclusion criteria. For all conditions leading to lower extremity and/or low 
back pain, the quality of evidence is low in accordance with the GRADE (Grades of 
Recommendation, Assessment, Development and Evaluation) system of evaluating 
evidence to determine the quality of the evidence. There is lack of randomized con-
trolled trials for fluoroscopically guided lumbar interlaminar epidural steroid injec-
tions. The exhaustive search yielded only 12 pragmatic studies addressing the use of 
fluoroscopically-guided interlaminar injections for radicular pain due to herniated 
disc, and 5 for spinal stenosis.

The overall quality of the evidence is considered low, but the body of evidence 
supports fluoroscopically-guided L-ILESI in the treatment of radicular pain from 
lumbar disc herniation as well as stenosis. The evidence is especially supportive of 
interlaminar epidural steroid injections in providing short-term pain relief for these 
conditions. Due to these findings, the intervention seems to be an appropriate treat-
ment modality for acute or subacute radicular pain (due to disc herniation or spinal 
stenosis), but may be insufficient for chronic radicular pain or neurogenic claudica-
tion due to spinal stenosis [15].

 Caudal Epidural Steroid Injections

The caudal approach involves passing a needle at the sacral hiatus through the 
sacrococcygeal ligament into the epidural space. The benefits to this technique are 
the relative ease of placement, low risk for dural puncture or nerve root injury, and 
ability to access the epidural space when patients may have significant post-surgical 
scarring or hardware related to previous spinal surgeries. The disadvantages to this 
technique include the large volumes often necessary to reach the site of pathology 
and the injection tends to be less specific to the intended site. Figure 10.2 shows a 
lateral fluoroscopic image of a caudal epidural placement of a Tuohy needle.

 Evidence

Despite extensive study of the efficacy of lumbar epidural steroid injections, there is 
no consensus opinion on the subject, so it is difficult to say which approach to the 
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Fig. 10.2 Caudal ESI

lumbar epidural space is most “efficacious” [16]. A 2018 review and meta-analysis 
by Lee et al. evaluated the efficacy of caudal epidural steroid injections versus trans-
foraminal approach in the treatment of lumbosacral disc herniations. An exhaustive 
literature search resulted in only 6 quality studies. Four articles supported the supe-
riority of TFESI (transforaminal epidural steroid injection) over caudal epidural 
steroid injection. However, one of these articles showed no statistically significant 
difference between the two approaches. Meta-analysis revealed short-term and 
long-term trends toward improved efficacy with TFESI, but without statistical sig-
nificance. Overall, the evidence level was low [17].

A 2012 review by Abdi et al. evaluated the efficacy of caudal epidural steroid 
injections in the treatment of chronic low back pain. Again, the quality of the evi-
dence was deemed to be poor due to an overall paucity of literature. 73 studies were 
identified, 16 of which met inclusion criteria (including 11 randomized trials and 5 
non-randomized trials). For lumbar disc herniation, evidence was good for short and 
long-term relief of radicular pain with local anesthetics and steroids, and fair relief 
with local anesthetic only. For other lumbar spine pain conditions, including disco-
genic pain, spinal stenosis, and post-surgery pain syndrome, evidence was only con-
sidered to be fair [18].
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 Lumbar Transforaminal Epidural Steroid Injections and Selective 
Nerve Root Blocks

The transforaminal approach allows for a more targeted approach to the epidural 
space and involved nerve root, with less volume of injectate necessary. To gain 
access to the foramen, the patient is typically placed prone, and oblique angulation 
of the c-arm is utilized to view the spinal elements as a “scotty dog” image. The 
superior articular process appears as the dog’s “ear”, the transverse process projects 
over the vertebral body as the “nose”, the inferior articular process is the dog’s front 
“leg”, the pedicle overlaps the region of the dog’s “eye”, and the spinous process is 
the dog’s “feet”.

Traditionally, a subpedicular approach was recommended, with the needle tip 
aimed towards the “safe triangle.” The borders of the “safe triangle” include the 
inferior pedicle as the superior border, the lateral vertebral body as the lateral bor-
der, and the traversing nerve root as the hypotenuse. By placing the needle in this 
area, one presumably avoids nerve root trauma and is bordered by the bony land-
mark of the vertebral body, which reduces incidence of intradiscal placement. 
However, critics of this approach voice that this target is actually “unsafe” due to a 
higher incidence of vascular structures in the vicinity, especially spinal radicular 
arteries, which have been implicated in devastating neurological deficits attributed 
to vascular penetration and spinal cord ischemia [19]. However, by avoiding par-
ticulate steroid in transforaminal steroid injections, the overall risk of such ischemic 
events have lessened.

An alternative approach for transforaminal epidural steroid injections targets 
“Kambin’s triangle.” Kambin’s triangle describes the area overlying the posterolat-
eral disc, bounded by the inferior vertebral body (superior border), exiting spinal 
nerve root (hypotenuse), and traversing nerve root (vertical edge). Utilizing 
Kambin’s triangle as a target may offer the advantage of lower inadvertent vascular 
injection, but does not fully eliminate risk, including inadvertent violation of the 
intravertebral disc [20, 21].

The approach for a lumbar selective nerve root block is essentially the same 
as a transforaminal epidural steroid injection. However, low injectate volumes, 
ideally 0.5 ml or less, are utilized to hopefully target spread along the nerve root 
without epidural spread. The goal of a selective nerve root block is to help isolate 
which nerve root is the etiology of a patient’s complaint, especially when multi-
ple areas of spinal pathology are apparent on imaging. Unfortunately, even with 
such low volumes, studies have shown variable spread to other spinal nerve roots 
due to the contiguous nature of the spinal nerve root sheaths with the dura mater 
[22]. Figure 10.3 shows an anterior-posterior fluoroscopic image of a right L5 
selective nerve root block with contrast spread into the neural foramen and under 
the pedicle.
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Fig. 10.3 Lumbar 
transforaminal ESI

 Cervical Epidural Steroid Injections

The cervical epidural space is considerably narrower than the lumbar spine, ranging 
from 1 to 4 mm [23]. There are primarily 2 approaches to deposit steroid into the 
cervical epidural space, the interlaminar approach and the transforaminal approach.

 Cervical Interlaminar Epidural Steroid Injections

Similar to the lumbar spine, the cervical interlaminar approach involves the passage 
of a needle through the midline interlaminar space. The needle traverses the supra-
spinous ligament, interspinous ligament, and ligamentum flavum using a “loss of 
resistance” technique in conjunction with fluoroscopic guidance to deliver medica-
tion to the epidural space. The needle is often advanced in the contralateral oblique 
view, allowing the ability to visualize needle depth as it approaches the spinolami-
nar line. Typically, the C6–7 or C7–T1 level is accessed due its larger posterior to 
anterior epidural space diameter at the lower cervical levels [24]. Figure 10.4 shows 
an anterior-posterior fluoroscopic image of a cervical interlaminar epidural injec-
tion of radiopaque contrast.
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Fig. 10.4 Cervical 
interlaminar ESI

 Cervical Transforaminal Epidural Steroid Injections and Selective 
Nerve Root Blocks

The cervical transforaminal approach typically involves the patient in the supine 
position with the fluoroscope positioned in an oblique view to optimize the intended 
cervical neuroforamen. The needle is then advanced to target the superior articulat-
ing process of the caudad vertebrae of the neuroforamen in question. The needle is 
then walked ventromedially into the posterior portion of the foramen. Entering in 
this way maximizes avoiding vascular structures located in the superior aspect of 
the foramen and the vertebral artery located in the anterior aspect of the fora-
men [27].

It should be noted, the neurovascular risks can be significant with the cervical 
transforaminal approach. Known complications include potential injury of a radicu-
lomedullary or vertebral artery, embolic events, and brain and spinal cord infarc-
tions [25, 26]. Recommendations to minimize complications include use of contrast 
enhanced live fluoroscopy with or without digital subtraction, test dose bolus of 
short acting local anesthetic with post bolus monitoring for neurological sequelae, 
minimal to no sedation, and use of nonparticulate steroid [58].
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Fig. 10.5 Cervical 
transforaminal ESI

The term cervical selective nerve root block has been used synonymously with 
cervical transforaminal epidural steroid injections. Sometimes it is used to describe 
a diagnostic procedure which does not employ steroids. Other times it can be in 
reference to cervical extraforaminal injections and cervical selective nerve root 
injections. Figure 10.5 shows an anterior-posterior fluoroscopic image of a left cer-
vical transforaminal curved blunt needle placement and contrast injection.

 Evidence

In a systemic review article published in 2009, Benyamin et al. evaluated the effects 
of cervical interlaminar epidural injections in managing chronic neck and upper 
extremity pain [28]. 3 randomized controlled trials were found to show positive 
results for short-term relief and 2 were positive for long-term relief [29–31]. The 
evidence for managing cervical radiculopathy with cervical interlaminar epidural 
steroid injections was deemed moderate for short-term improvement and long-term 
improvement by Abdi et al. [33]. Similarly, the evidence for cervical transforaminal 
epidural steroid injections in managing cervical nerve root pain is moderate [32, 
33]. Kolstad et al. and Lin et al. were able to show that cervical epidural transfo-
raminal injections can lead to pain relief significant enough to prevent patients from 
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having to undergo surgery [34, 35]. Overall, it should be noted that randomized 
controlled studies of cervical epidural steroid injections compared to placebo groups 
have been sparse and are still needed in the literature.

 Facet Joint injections and Medial Branch Nerve Blocks

 Background

The facet joints are another common pain generator of the spine. A facet joint, also 
known as a zygapophysial joint or z joint, is formed from the articulation between 
the superior articular process of one vertebra and the inferior articular process of the 
vertebra directly above it. A facet joint forms the connections between the bones of 
the spine. These joints stabilize and guide spinal motion, and can cause pain in the 
head, neck, back, hip, buttocks or leg. Each facet is innervated by medial branch 
nerves which are terminal branches off the dorsal rami [53, 54].

In 1933, Ralph K. Ghormley coined the term “facet syndrome,” referring to the 
pains of the articular facet joints that is responsible for 15–52% of those who com-
plain of chronic low back pain [36, 37]. Cervical facets were first identified as a 
source of pain by Pawl in 1977 [38]. Today, facet joint pain can be diagnosed and 
treated with facet joint injections and medial branch nerve blocks. These come only 
second to epidural steroid injections as the most commonly performed pain proce-
dures in the United States in 2006 [39]. Facet joint injections and medial branch 
nerve blocks are indicated for the diagnosis and treatment of axial spine pain.

 Facet Joint Injections

Lumbar facet injections are performed under fluoroscopic guidance with the patient 
in the prone position. The fluoroscope is typically positioned in ipsilateral oblique 
view. Intra-articular steroid injections are targeted at the middle to upper half of the 
joint. Periarticular injection may also be acceptable in the case that intra-articular 
injection is proven to be difficult [55]. Cervical facet injections are performed under 
fluoroscopic guidance with either a posterior or lateral approach. For the posterior 
approach, the fluoroscope is positioned in an anteroposterior view and tilted cau-
dally to identify the cervical facet joint. The needle is advanced coaxially to the 
lateral half of the joint to avoid the spinal cord towards the midpoint of the articular 
pillar. Vital structures such as the vertebral artery, spinal nerve, and dorsal root gan-
glion are located ventral to the joint so additional multiplanar views should be used 
to assess depth. The lateral approach involves the patient in the lateral decubitus 
position with the symptomatic side up. It may be necessary to tilt and oblique the 
fluoroscope slightly to optimize the view of the facet joint. The lateral approach is 
arguably technically easier and less soft tissue is traversed however lower cervical 
levels may be obscured by the shoulders and careful attention must be paid to the 
apex of the lung [27].
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 Medial Branch Nerve Blocks

Medial branch nerve blocks are mainly diagnostic injections. After a positive 
response to diagnostic injections, the most commonly performed treatment for facet 
mediated pain is radiofrequency denervation.

Each lumbar facet is innervated by the medial branches arising from the dorsal 
rami from the level above the joint and at the same level. Lumbar medial branch 
blocks are performed with the patient in the prone position. For the L1–4 medial 
branches, the target needle destination is the junction of the superior articular pro-
cess and the transverse process where the medial branch crosses. In the oblique fluo-
roscopic view, this is just superior to the “eye of the scotty dog”. The L5–S1 facet 
joint derives its innervation through the L4 medial branch and the L5 dorsal ramus. 
The L5 dorsal ramus lies at the middle of the base at the sacral ala [56, 57].

Cervical facet joints are innervated by the medial branches of the cervical dorsal 
rami above and below the joint as these branches course around the waist of the 
articular pillars. The C2–3 facet joint is unique in that it is innervated by 2 different 
branches of the C3 dorsal ramus [52]. For the lateral approach to cervical medial 
branch blocks, the patient is in the lateral decubitus position with the symptomatic 
side up. The fluoroscope is adjusted to align the articular pillar borders and the tar-
get destination is the tip of the needle over the center point of the articular pillar. For 
the posterior approach, views are optimized in either anteroposterior or oblique 
views such that the tip of the needle’s destination is the lateral groove or waist of the 
articular pillar for the C3–C6 levels. The C7 medial branch lies at the junction of the 
superior articular process and transverse process much like the lumbar medial 
branches. Lastly, the C8 medical branch lies over the superolateral transverse pro-
cess of T1 [27].

It should be noted that medial branch nerve blocks have been associated with a 
high false positive rate. To enhance the diagnostic validity of each injection, avoid 
the use of sedation and analgesics, use injectate volumes ≤0.5 mL, and limit the 
volume of superficial local anesthesia. Educating patients regarding correct use of a 
pain diary can also be helpful in properly chronicling the pain response [59].

 Evidence

In a systematic review of 21 randomized controlled trials and 5 observational stud-
ies, quality assessment showed that the level of evidence for the effectiveness of 
lumbar facet joint nerve blocks is fair and level of evidence for lumbar intraarticular 
injections is limited [40]. A separate systematic review of 17 studies suggested that 
the level of evidence for the diagnostic accuracy of lumbar facet joint nerve blocks 
is good [41]. Two high quality RCTs and one moderate to high quality RTC has 
shown a positive effect of lumbar medial branch nerve blocks. A study of 229 
patients conducted by Cohen et al. suggest that facet blocks are not therapeutic, but 
may provide prognostic value prior to radiofrequency ablation [42].
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The data supporting cervical facet injections and cervical medial branch blocks 
is much more limited. In a systematic review performed by Falco et al. in 2012, 13 
out of 32 studies considered for inclusion met criteria. The literature review found 
one randomized controlled trial evaluating cervical facet joint nerve blocks and 2 
randomized controlled trials evaluating intraarticular injections. Furthermore, there 
was only one observational study evaluating cervical facet joint nerve blocks and no 
observational studies meeting inclusion criteria evaluating intraarticular injections. 
The evidence for cervical intraarticular injections was deemed limited and the evi-
dence for cervical medial branch blocks was deemed fair [43].

 Sacroiliac Joint Injections

Another common pain generator in the low back is the sacroiliac joint or SI joint. 
Reported prevalence studies of low back pain originating from the SI joint pain is as 
high as 45% [44]. The SIJ is the largest axial joint in the body and is formed by the 
articulation of the sacrum and ilium [45]. The joint is comprised a synovial carti-
laginous joint and a fibrous articulation [46]. The joint is not readily mobile and is 
primarily for stability and weight bearing. The exact innervation of the SI joint is 
debatable however many suggest that it comes predominantly from the dorsal rami 
of the S1 through S4 nerve roots. There may be additional contributions from nerve 
fibers within the joint capsule and adjoining ligaments [47, 48].

Pain from the joint can come from either degenerative or inflammatory pro-
cesses. The SI joint may also be a referred site of pain from degenerative disc dis-
ease at L5/S1, spinal stenosis, or osteoarthritis of the hip [49].

SI joint injections can be useful for both diagnostic and therapeutic purposes. A 
positive response to an injection is the most accurate means for diagnosing a painful 
joint complex. SI joint injections are typically done under fluoroscopic guidance 
with contrast, however CT guidance and ultrasound guidance techniques have also 
been employed. An SI joint injection is performed with the patient in the prone posi-
tion with the fluoroscope angled toward the contralateral oblique side. Entry into the 
joint is typically 1–2 cm above the inferior margin of the joint. Contrast agent is 
used to verify intra articular spread outlining the margins of the joint. After confir-
mation, a combination of local anesthetic and steroid is injected. Figure 10.6 shows 
an oblique fluoroscopic image of a needle placement in the inferior aspect of the 
sacroiliac joint.

 Evidence

A 2015 systematic review of 6 randomized control trials and 8 observational studies 
by Simpopoulos et al. suggested that the evidence supporting intraarticular and peri-
articular injections is still limited [50]. Interestingly, in a study comparing intraar-
ticular and periarticular injections for patients with SI joint pain, periarticular 
injections were found to be more effective and easier to perform than intraarticular 
injections [51].
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Fig. 10.6 Sacroiliac joint 
injection

 Conclusion

Among those afflicted with chronic pain, spinal pain emanating from the cervical, 
thoracic and lumbosacral regions comprise a large majority of the etiologies. 
Minimally invasive, targeted interventional techniques are crucial to managing pain 
and improving the quality of life of the pain sufferers. Spinal injections can be used 
for both diagnostic and therapeutic purposes and are important in multimodal 
approaches to pain management.
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11Vertebral Compression Fractures

Ankit Patel and Brent Page

 Introduction

While many patients with acute osteoporotic VCFs achieve significant pain relief 
with conservative measures, there are some who continue to experience persistent 
pain. VCFs may contribute to symptoms of back pain, radiculopathy, and/or 
myelopathy. Patients with VCFs may also experience other medical co-morbidities, 
functional impairments, and overall reduction in quality of life. For some patients, 
VCFs can be an incidental finding on spine imaging. Therefore, it is important to 
identify if a patient has a symptomatic compression fracture as this significantly 
impacts the treatment plan.

This chapter aims to review the epidemiology and common etiologies of VCFs, 
as well as the global impact of these fractures on patients. The key points in the 
clinical and diagnostic imaging evaluation of patients with VCFs will also be high-
lighted. An evidence-based review will be provided on the various treatment options 
for acute and persistent pain associated with VCFs. The chapter will also emphasize 
the importance of a multidisciplinary approach to treatment and prevention of VCFs.

 Epidemiology and Risk Factors

A vertebral compression fracture (VCF) is characterized by collapse of trabecular 
bone within the vertebral body. VCFs have a variety of causes, including osteoporo-
sis, trauma, malignancy, and infection. Osteoporotic fractures are by far the most 
common, accounting for an estimated 700,000 new VCFs in the United States every 
year [1]. Osteoporosis is characterized by decreased bone mineral density (BMD). 

A. Patel (*) · B. Page 
UT Southwestern Medical Center, Dallas, TX, USA
e-mail: Ankit.Patel@UTSouthwestern.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-04990-3_11&domain=pdf
https://doi.org/10.1007/978-3-031-04990-3_11
mailto:Ankit.Patel@UTSouthwestern.edu


228

The World Health Organization defines osteoporosis as a BMD that lies 2.5 stan-
dard deviations (SD) or more below the average BMD of a healthy, premenopausal 
white female (T-score < −2.5 SD). Osteoporosis results in diminished structural 
support of the spinal column, increasing the risk of fracture. In 2010, approximately 
10.2 million older adults in the United States had osteoporosis, placing them at 
substantially increased risk for VCF compared to their non-osteoporotic peers [2–
4]. The rate of osteoporosis is expected to increase more than 30% by the year 2030 
as the population ages [4].

Other VCF risk factors are similar to those for osteoporosis and include advanced 
age, female sex, Asian or Caucasian ethnicity, excessive alcohol consumption, 
tobacco use, estrogen deficiency, history of falls, lack of physical activity, use of 
systemic glucocorticoids, and deficiency of calcium and vitamin D [5, 6]. The prev-
alence of VCF increases with advancing age, affecting approximately 25% of all 
postmenopausal women [7]. By 80 years of age, the prevalence in women reaches 
40% [8]. Elderly men are also at increased risk of VCF, though lifetime fracture risk 
in men is less than in women [7].

History of prior VCF is also an important risk factor for sustaining a new 
VCF. Having sustained 1 VCF increases the risk of a subsequent VCF by approxi-
mately five-fold in the first year following the initial fracture [9]. In patients with a 
history of 2 or more VCFs, the subsequent fracture risk increases up to 12-fold [10].

While osteoporosis is the most common cause of VCF in the elderly, any new 
compression fracture in a young and otherwise healthy patient should prompt fur-
ther investigation. Again, it is important to assess bone health and to also evaluate 
for secondary causes of fracture, such as malignancy. Metastatic disease affecting 
the vertebral body can compromise bone stability and lead to pathologic VCF. Bone 
metastasis is common in a variety of advanced stage solid tumor malignancies 
including prostate, lung, renal, breast, and colorectal cancer. For example, bone 
metastasis is diagnosed in up to 45% of metastatic prostate cancer patients within 
12 months of initial cancer diagnosis [11]. Pathologic fracture is also common in 
Multiple myeloma (MM), a plasma cell malignancy associated with osteolytic bone 
disease. VCF is the most common type of fracture in MM and is seen in up to 60% 
of patients at the onset of disease [12].

 Global Effects of VCF

More than two-thirds of patients with VCFs are asymptomatic and only identified 
incidentally, often on standard radiographs of the chest and abdomen [13]. 
Symptomatic fractures, however, can cause significant acute and chronic back pain, 
impaired physical functioning, vertebral height loss, and progressive spinal kyphotic 
deformity [14–17]. Symptomatic VCF negatively impacts quality of life and mental 
health. Patients often report feelings of anxiety and depression following an acute 
VCF [18]. Additionally, the loss of ability to participate in recreational activities, 
secondary to fracture associated pain and debility, can lead to social isolation [18]. 
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Patient perceived deterioration in overall health status is common and adds to dis-
satisfaction following acute fracture [19]. Not surprisingly, patients with a history of 
prior VCF have greater disability and worse quality of life after sustaining a subse-
quent VCF compared to those with a first-time fracture [20]. While VCFs are rarely 
fatal in the short term, they have been associated with a higher mortality rate which 
becomes more pronounced in the years following fracture [21].

The social and economic costs of VCFs are also substantial. Direct healthcare 
costs associated with VCFs were estimated to exceed $1 billion per year in 2005, 
with costs expected to increase more than 50% by the year 2025 as rates of osteo-
porosis continue to rise [22]. When patient and caregiver productivity loss is fac-
tored in, the costs associated with VCF are substantially higher. Direct economic 
costs to the patient are also high. In the first 12 months following an initial osteopo-
rotic fracture, average all-cause healthcare costs more than double [23]. Also, in the 
first 12 months following a fracture, patients are 14 times more likely to require 
primary care physician services, as compared to the general population [24]. 
Approximately 10% of patients with acute VCF require hospitalization, with a 
6-day length of stay on average [25]. Of those patients requiring hospitalization, 
approximately half require ongoing skilled care in a nursing facility following hos-
pital discharge [25].

Given the substantial individual, societal, and growing economic burden associ-
ated with VCF, the identification and treatment of underlying fracture etiology is 
paramount. Unfortunately, studies suggest physicians often fail to evaluate bone 
health nor initiate osteoporosis directed treatment following acute osteoporotic 
VCF [26]. These missed opportunities, in addition to the known high rates of re- 
fracture, highlight the importance of addressing bone health in a timely manner 
following VCF.

 Evaluation

For patients who have back pain and for whom there is a high index of suspicion of 
a possible compression fracture, imaging can be useful in confirming or ruling out 
the presence of a vertebral compression deformity. It is imperative that clinical cor-
relation is applied because some patients can have asymptomatic VCFs that are 
noted incidentally on spine imaging. Features in the patient’s history that are sug-
gestive of an acute compression fracture include an acute onset of severe pain in the 
region of the compression fracture. Acute compression fractures often occur spon-
taneously or as a result of trivial strain [27]. An accurate diagnosis of an acute VCF 
can be missed initially and can lead to a delay in appropriate care [27]. For benign 
acute compression fractures, the pain is typically worse with activity and relieved 
with rest. The pain can also be aggravated with coughing, sneezing, and activities 
that jar the body. Some patients may experience symptoms of early satiety and 
decreased exercise tolerance due to a compression of the abdominal and thoracic 
cavity from the spinal deformity associated with multiple VCFs [28]. The wide 
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spectrum of impact that compression fractures can have on patients highlights the 
importance of obtaining a thorough history of the patient’s symptoms, as well as the 
impact of the fracture on the patient’s function and quality of life.

The most common sites of VCFs include the thoracolumbar junction, the mid- 
thoracic spine, and the lumbar spine [29]. In patients with acute compression frac-
tures, physical examination may reveal point tenderness over the symptomatic 
spinous process. Patients may have a positive “closed-fist percussion sign” or 
“supine sign” in the setting of an acute compression fracture. The closed-first per-
cussion sign requires the examiner to percuss over the site of a suspected fracture 
with the hypothenar aspect of the fist. Reproduction of the back pain is considered 
to be a positive sign. In order to evaluate for the supine sign, the examiner observes 
the patient transition to a supine position on the examination table. This sign is con-
sidered positive if the patient is unable to lie supine due to severe back pain. The 
closed-fist percussion sign has been shown to have a sensitivity of 87.5% and a 
specificity of 90%, while the supine sign has a reported sensitivity of 81.25% and a 
specificity of 93.33% [30].

Depending on the location, severity, and height loss associated with VCF(s), 
patients may be noted have kyphosis or loss of lordosis on physical inspection. 
Some patients with VCFs in the upper back region can develop a rounded-appearing 
kyphotic deformity known as a dowager’s hump [31]. A reduction in overall body 
height may also be present in patients with severe or multilevel compression 
fractures.

Neurological compromise due to a VCF is a rare but potentially catastrophic 
scenario [32]. A comprehensive clinical evaluation and neuromuscular examination 
is important to rule out radiculopathy, myelopathy, cauda equina, or spinal cord 
compression. Spinal canal compromise should be suspected in patients who develop 
lower extremity pain, neurologic signs or symptoms, or bowel or bladder inconti-
nence after the initial diagnosis of acute back pain due to a VCF [32]. These “red- 
flag” signs and symptoms warrant urgent imaging and surgical consultation. 
According the American College of Radiology’s appropriateness criteria for man-
agement of VCFs, surgical consultation should be considered in patients with spinal 
instability, neurologic deficits, or spinal deformity. Surgical consultation is recom-
mended in the setting of patients with pathologic VCFs who have severe pain, neu-
rologic deficits, spinal deformity, spinal instability, or pulmonary dysfunction [33].

Plain radiographs can be useful for evaluating the presence of a superior and/or 
inferior endplate compression deformity and to quantify the degree of vertebral 
body height loss (Figs.  11.1, 11.2, 11.3, and 11.4). Repeating plain radiographs 
upon patient follow up can be considered to monitor for fracture progression [34]. 
It should be noted that not all vertebral body deformities are a result of a 
VCF.  Vertebral bodies may appear deformed from other conditions such as 
Schmorl’s nodes, short vertebral height, Scheuermann’s disease, and physiologic 
wedging [35].

Magnetic resonance imaging (MRI) can be useful to assess fracture acuity by 
evaluating for endplate edema (Figs.  11.5, and 11.6). In a patient with an acute 
compression fracture, the MRI would be expected to demonstrate marrow edema on 
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fat-suppressed short tau inversion recovery (STIR) sequences. In the setting of 
chronic compression fractures, the MRI would not demonstrate high T2, low T1, or 
STIR signal abnormality in the compression fracture (Fig. 11.7). MRI can be useful 
in procedural planning and in distinguishing acute versus chronic fractures in 
patients with multiple wedge deformities and conflicting physical examination find-
ings [33]. MRI can also be considered in the evaluation of symptomatic patients 
who do not have significant height loss on plain radiographs.

Contrast-enhanced MRI studies can aid in differentiating between osteoporotic 
and malignant vertebral fracture. MRI features that could suggest the presence of a 
pathologic VCF include abnormal posterior element signal, epidural/paravertebral 
soft-tissue mass, expansion of posterior vertebral contour, abnormal enhancement, 
and replacement of normal marrow signal [36, 37] (Fig. 11.8).

The benefits of an MRI over a computerized tomography (CT) scan or plain 
radiographs are more optimal soft tissue & bone marrow resolution, as well as 
avoidance of ionizing radiation. If there is a contraindication to MRI, a CT scan can 
be useful to evaluate for any bony retropulsion (Fig. 11.9). It should be noted that 
CT scans will expose the patient to ionized radiation. For assessment of specific 

Fig. 11.1 Lateral X-ray 
demonstrating a T10 VCF
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bony details such as the location and extent of fracture lines, thin-section CT with 
sagittal reconstructions can be a useful modality [38].

Bone scintigraphy, or bone scan, can be useful in patients who are unable to 
undergo MRI and in whom a CT scan or clinical history does not confirm the acuity 
of the compression fracture (Fig.  11.10). A bone scan may show elevated tracer 
uptake for up to 12 months following a fracture, therefore the results should be cor-
related clinically [38].

 Management

Successful management of VCF often involves a graduated, multimodal approach. 
Most patients with acute VCF can be treated conservatively and pain typically 
resolves over a period of 4 to 6 weeks [39]. Comprehensive treatment strategies 
should address pain control and maintenance of physical functioning. It is also 
essential to address bone health, when the fracture is osteoporotic in nature, given 
the high likelihood of subsequent fracture.

Fig. 11.2 AP X-ray 
demonstrating a T10 VCF
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 Medications for Pain Control

Adequate pain control is important to prevent immobility and associated comorbidi-
ties including decubitus ulcers, venous thromboembolism, pulmonary disease, and 
progressive functional decline. First-line analgesics used to manage acute pain from 
VCF include acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs). 
Appropriate consideration should be taken when prescribing NSAIDs to patients 
with a history of gastric ulcers, gastrointestinal bleeding, cardiac and renal disease. 
Selective cyclooxygenase-2 (COX-2) inhibitors, which have a lower risk of gastro-
intestinal side effects as compared to traditional nonselective NSAIDs, may also be 
considered [40–42]. There is a theoretical risk of impaired bone healing with the use 
of NSAIDs, though this has not been confirmed and NSAIDs are commonly used 
for acute pain control in clinical practice [43, 44]. Other frequently used pharmaco-
therapies include muscle relaxants, transdermal lidocaine, and various neuropathic 
pain medications (e.g., gabapentin, pregabalin, and tricyclic antidepressants). 
Although generally well tolerated, appropriate caution should be taken when pre-
scribing skeletal muscle relaxants and neuropathic pain medications, especially in 
the elderly. Dizziness, somnolence, and gait disturbance are all documented side 

Fig. 11.3 Lateral X-ray of 
a L1 VCF

11 Vertebral Compression Fractures



234

effects of gabapentin and the use of muscle relaxers has been shown to increase 
hospitalization rates in the elderly [45–47]. Tricyclic antidepressants, such as ami-
triptyline, reduce pain by inhibiting the reuptake of norepinephrine and serotonin. 
Tricyclics have demonstrated effectiveness in treating neuropathic pain but their 
common side effects including urinary retention, sedation, and postural hypotension 
may limit their use [48, 49].

Opioid pain medications may be required when patients fail to obtain adequate 
pain control with first-line analgesics and activity modification. Special consider-
ation when prescribing opioids in the elderly include risk of reduced gastrointestinal 
motility, urinary retention, cognitive slowing, loss of balance, and increased risk of 
falls [50, 51]. However, a short course of opioid treatment can be an effective means 
of providing analgesia and preventing immobility secondary to uncontrolled, acute 
pain. When opioid medications are required a laxative can also be given to prevent 
constipation as straining with deification can acutely exacerbate VCF pain. As pain 
subsides, opioids should be tapered gradually while closely monitoring the patient’s 

Fig. 11.4 AP X-ray of a 
L1 VCF
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Fig. 11.5 T2-weighted 
MRI demonstrating an 
acute T12 VCF (blue 
arrow) and a chronic L1 
VCF (green arrow)

Fig. 11.6 T1-weighted 
MRI demonstrating an 
acute T12 VCF (blue 
arrow) and a chronic L1 
VCF (green arrow)
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response to dose reduction, including residual pain and functional status. 
Re-evaluation and optimization of non-opioid analgesics may also be appropriate as 
opioid analgesics are weaned. The risks and benefits of opioid medications should 
be carefully considered on a case-by-case basis.

Calcitonin may be used as an adjunct to traditional oral analgesics for pain con-
trol in acute VCF. It is also an option for patients with uncontrolled pain who cannot 
tolerate NSAIDs or opioids. Calcitonin is typically administered intranasally for a 
two to four-week course. Ideally, treatment should be initiated within 5 days follow-
ing acute fracture [52, 53]. Although the exact mechanism of analgesia is unknown, 
calcitonin appears to exert a pain-relieving effect independent of its antiresorptive 
properties, possibly via a direct central nervous system mechanism involving calci-
tonin-binding receptors, modulation of peripheral prostaglandin levels, or by 
increasing plasma β-endorphin release [54, 55]. A meta-analysis by Knopp-Sihota 
et al., examining the combined results of 13 trials, demonstrated significant pain 
reduction with calcitonin administration following acute osteoporotic VCF. However, 
results from the analysis did not show any convincing evidence when calcitonin was 
used for chronic pain associated with older fractures [56]. Recently, there has been 
some concern that the long-term use of calcitonin may increase various cancer rates. 

Fig. 11.7 STIR MRI 
sequence demonstrating 
increased STIR signal in 
an acute T12 VCF and 
normal signal in a chronic 
L1 VCF
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Although a direct causal relationship has not been established there does appear to 
be a weak association with long-term use [57].

In summary, successful pharmacotherapy for the management of pain in VCF 
requires an individualized approach based on the intensity, quality, and duration of 
pain. A thorough understanding of the indications and potential side effects for each 
medication is also important. Medication indications and dosing regimens should 
be frequently reviewed as the natural course of pain associated with acute VCF typi-
cally improves over subsequent weeks.

 Spinal Bracing

Spinal orthoses can also be used to reduce pain in patients following acute VCF. In 
general, braces are used to limit spinal flexion, thereby decreasing load on the frac-
tured and painful anterior vertebral column [58]. Although high-quality evidence is 
lacking, bracing may also aid in limiting motion about the injured vertebrae to 
reduce pain, facilitate bone healing, prevent further vertebral body collapse, and 
decrease adjacent paraspinal muscle spasm by providing axial support [44, 53, 59–
62]. Several bracing options are available for stable fractures including the Jewitt 
and CASH (Cruciform Anterior Spinal Hyperextension) orthoses. These braces pro-
vide a ridged 3-point contact system to promote neutral spine posture and limit 
flexion of the thoracic spine and thoracolumbar junction [61, 63]. Semi-ridged or 
flexible orthoses may also be appropriate for some patients and have been shown to 

Fig. 11.8 MRI with 
contrast demonstrating 
abnormal marrow signal & 
post-contrast enhancement 
in pathologic T12 and 
L1 VCFs
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provide equivalent outcomes when compared to rigid bracing [58]. As pain sub-
sides, braces should be weaned to avoid weakening of the axial musculature. Though 
some patients do find benefit from bracing, the most recent American Association of 
Orthopedic Surgeons guideline was unable to recommend for or against spinal brac-
ing in patients with osteoporotic VCF, citing an overall lack of high-quality evi-
dence [53].

 Physical Therapy and Exercise

Physical therapy and directed exercise may also be employed as part of the multi-
modal treatment plan. Goals should include developing an individualized program 
focused on axial strengthening, balance, proper mechanics, and pain provoking 
activity modification. In addition to the positive impact of progressive resistance 
training on bone mineral density, exercise can also improve quality of life and 
reduce the risk of falls and fracture recurrence in patients with VCF [64–66]. A 

Fig. 11.9 Sagittal CT 
scan demonstrating a 
severe T9 VCF with mild 
posterior retropulsion
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retrospective review by Huntoon et al. concluded that a program of isometric back 
extensor strengthening in combination with proprioceptive postural retraining fol-
lowing osteoporotic VCF significantly decreased fracture recurrence following per-
cutaneous vertebroplasty when compared to percutaneous vertebroplasty alone (4.5 
vs. 20.4 months to re-fracture) [67]. Sinaki et al. examined the long-term effects of 
a 2-year resisted back extension program in healthy postmenopausal women with-
out VCF. At 8-year follow-up, they found participants had a significant reduction in 
VCF risk and improved bone density compared to controls [66].

While several studies highlight the benefits of therapeutic exercise, a recent 
Cochran review examining exercise for improving outcomes following VCF, both 
alone or as part of a structured physical therapy intervention, drew no clinically 
relevant definitive conclusions [68]. The review included nine trials (749 partici-
pants). While some studies were positive and demonstrated improved pain, physical 
functioning, and quality of life, the overall quality of evidence was deemed weak. 
Additionally, there is no high-quality data regarding the safety of exercise following 
VCF or the effect on subsequent fracture risk. However, in general, safe therapeutic 
exercise programs can be developed based on the patient’s current musculoskeletal 
status and individualized goals. Specific recommendations compiled by an expert 
consensus panel include limiting physical activity to moderate intensity, incorporat-
ing daily balance training, and development of spinal extensor muscle endurance 
[69]. Additional consensus recommendations included educating patients on proper 
posture and body mechanics during activities of daily living and stretching muscles 

Fig. 11.10 Bone scan demonstrating increased radiotracer activity in a patient with several frac-
tures, including a T9 VCF
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that prevent proper spinal alignment (e.g., tight pectoralis muscles causing exagger-
ated thoracic kyphosis) [69]. Finally, formal consultation with a physical therapist 
may be beneficial in patients with significant pain or debility to develop an individu-
alized and graduated exercise plan [69].

 Preventative Medicine & Bone Health

Interventions aimed at improving bone quality should also be addressed following 
an acute osteoporotic VCF. Treatment measures for osteoporosis include nutrition 
and lifestyle modification and pharmacologic therapy [70]. Lifestyle measures 
include exercise, smoking cessation, avoidance of excessive alcohol consumption, 
and fall prevention. Ensuring adequate calcium and vitamin D intake is also essen-
tial to bone health. The National Osteoporosis Foundation recommends a total cal-
cium intake of 1200 milligrams per day for women over the age of 50 and men over 
the age of 70 and 800–1000 IU of vitamin D per day for men and women age 50 and 
older. Total calcium intake per day should include both dietary and supplemental 
forms taken in divided doses with meals. Consideration for initiation of pharmaco-
therapy is also appropriate following osteoporotic VCF [71]. A variety of medica-
tions are currently approved for the treatment of osteoporosis, including the 
bisphosphonates (alendronate, ibandronate, risedronate, and zoledronic acid), 
recombinant parathyroid hormone (teriparatide), receptor activator of nuclear factor 
kappa-B (RANK) ligand inhibitor (denosumab), and others. All agents act through 
either antiresorptive or osteogenic mechanisms. Choice of agent should be individu-
alized and based on efficacy, safety, cost, and patient convenience [70, 72]. Referral 
to an endocrinologist, osteoporosis specialist, or to a dedicated osteoporosis coordi-
nated care team should be considered to ensure patients who suffer a fracture receive 
appropriate diagnosis, treatment, education, and follow-up [73–75].

 Spinal Injections

A hypothesis of facet-mediated pain following VCFs has been proposed. The poste-
rior elements are thought to be strained biomechanically following a vertebral 
deformity [76]. A retrospective study evaluating the difference between vertebro-
plasty and facet medial branch blocks for pain associated with one-level VCFs 
found similar pain relief between the two groups at 2  years, and more cost- 
effectiveness in the medial branch block group [77].

Wang, et al., evaluated the difference in clinical outcomes of 206 patients that 
were randomized to undergo vertebroplasty versus facet blocks for back pain due to 
VCFs. The results demonstrated significantly better pain relief and functional out-
comes a 1 week in the vertebroplasty group compared to the facet block group, 
however there were no significant differences between the two groups from 1 month 
to 12 months after the interventions [78]. These studies underscore the need for 
larger prospective randomized controlled trials evaluating facet blocks versus sham 
blocks and facet blocks versus vertebral augmentation in this patient population.
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For some patients with VCFs, the kyphosis can lead to narrowing of the neural 
foramina at the level of the fractures. This can cause acute radicular pain symptoms 
in the distribution of the affected exiting nerve root. Consideration can be given to 
an epidural steroid injection for persistent or disabling radicular pain, however the 
potential adverse impact of repeat epidural steroid injections on bone mineral den-
sity should be taken into account [79].

 Vertebral Augmentation

When conservative management fails to provide adequate pain relief, surgical inter-
vention may be considered. Vertebroplasty and kyphoplasty are minimally invasive, 
percutaneous vertebral augmentation procedures frequently used to treat refractory 
pain secondary to osteoporotic and malignant VCF [80]. After a trial of conservative 
management, patients with persistent, severe back pain and physical exam and 
advanced imaging findings consistent with acute VCF (tenderness on palpation; 
vertebral end plate and/or marrow edema on MRI or increased radiotracer uptake on 
bone scintigraphy) are typically considered for treatment.

Vertebroplasty is a fluoroscopically guided procedure involving the percutane-
ous infusion of polymethylmethacrylate (PMMA) bone cement into the fractured 
vertebral body via a transpedicular approach. The objective is to reduce pain, stabi-
lize the fractured elements, and provide structural support to the compromised tra-
becular bone. Kyphoplasty adds the additional step of inflating a balloon in the 
vertebral body in order to create a cavity for PMMA injection and to attempt resto-
ration of vertebral height (Figs. 11.11, 11.12, 11.13, and 11.14). Both procedures 

Fig. 11.11 Lateral 
fluoroscopy image 
demonstrating 
transpedicular kyphoplasty 
balloon inflation
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are typically preformed on an outpatient basis, under light sedation or general anes-
thesia. Procedural complications are rare, with major complications occurring in 
<1% of patients [81, 82]. Major complications include hemorrhage, osteomyelitis, 
cement pulmonary embolism, new procedure-related fractures, and permanent neu-
rologic deficits [81]. Absolute contraindications to vertebral augmentation include 

Fig. 11.12 AP 
fluoroscopy image 
demonstrating 
transpedicular kyphoplasty 
balloon inflation

Fig. 11.13 Lateral 
fluoroscopy image 
demonstrating successful 
PMMA injection into 
a VCF
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asymptomatic VCF, uncontrollable coagulopathy, unstable spinal fracture, active 
infection, or allergy to bone cement or opacification agents [83].

Although numerous studies have been published on the subject, the efficacy of 
vertebral augmentation remains controversial. Several early prospective random-
ized controlled trials (RCT) demonstrated positive results. The Vertebroplasty for 
Painful Chronic Osteoporotic Vertebral Fractures (VERTOS) trial, published in 
2007, was the first prospective RCT comparing vertebroplasty to sham procedure 
[84]. Subacute and chronic (6–24 weeks) VCFs were included in the analysis. This 
study found significant improvement in pain scores at 24 hours post-vertebroplasty, 
but the effect was lost by 2 weeks. VERTOS II followed in 2010 and compared early 
vertebroplasty with medical management [85]. Inclusion criteria were moderate to 
severe back pain, fracture age <6 weeks, focal tenderness, and bone edema on MR 
imaging. At 1  month, there was significant improvement in visual analog scale 
(VAS) scores in the vertebroplasty group with durability at 1-year follow-up.

The Fracture Reduction Evaluation (FREE) trial, published in 2009, was the first 
RCT to compare kyphoplasty with medical management for acute and subacute 
(<3  months) VCFs causing moderate to severe back pain (numeric rating scale 
[NRS] ≥4/10) [86]. The primary end point, Short-Form-36 physical component 
summary scores, significantly improved following kyphoplasty at 1 and 6 months 
but the effect was lost at 24-month follow-up. This study also demonstrated a dura-
ble improvement in vertebral height restoration (27%) and kyphosis correction (3.3 
degrees) at 24-month follow-up. Studies comparing vertebroplasty to kyphoplasty 
have generally shown comparable efficacy in reducing pain and disability in VCF 
[87–89].

Fig. 11.14 AP 
fluoroscopy image 
demonstrating successful 
PMMA injection into 
a VCF
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While these early studies were overall encouraging, several trials produced nega-
tive results. For example, the 2009 Investigational Vertebroplasty Safety and 
Efficacy Trial (INVEST), designed to compare vertebroplasty with a sham proce-
dure, demonstrated no difference in back pain between the two groups at 1 month 
[90]. Each of these early trials had limitations including lack of blinding (VERTOS 
II, FREE), inclusion of chronic fractures (VERTOS, INVEST), and enrollment of 
patients with moderate pain (VERTOS, VERTOS II, FREE, INVEST). Thus, debate 
continued regarding the efficacy of vertebral augmentation for painful VCF.

In 2016, the double blinded Vertebroplasty for Acute Painful Osteoporotic 
Fractures (VAPOUR) trial was designed to compare early vertebroplasty with sham 
procedure [91]. Patient selection was much more stringent and attempted to control 
for the limitations identified in prior studies. Inclusion criteria were 60 years of age 
or older, severe back pain, fracture age <6 weeks, and MR imaging with edema or 
SPECT CT uptake. One hundred twenty patients were enrolled and randomly 
assigned to treatment or sham. The primary end point was conversion of pain from 
severe (NRS ≥7) to mild (NRS <4) at 2-week follow-up. Significantly more patients 
had an NRS <4 at 2-week follow-up in the vertebroplasty compared to sham group 
(44% vs. 21%; p = 0.01), which was durable to 6 months. Mean NRS scores were 
also significantly decreased in the vertebroplasty compared to sham group at all 
time points up to 6 months. Additionally, vertebroplasty resulted in significantly 
improved disease-specific quality of life and significantly less analgesic use at 3 and 
6 months.

Finally, VERTOS IV, published in 2018, is the most recent double-blinded RCT 
comparing vertebroplasty to sham procedure in VCF [92]. Inclusion criteria included 
fracture age <6 weeks, VAS score ≥5, focal back pain, and edema on MRI. Due to 
slow recruitment, inclusion of fractures up to 9 weeks was ultimately allowed. One 
hundred and eighty patients were randomized to vertebroplasty or sham. Results 
revealed VAS scores, the primary end point, did not differ between the two groups 
at any time point from 1-day to 1-year follow-up. Notably, pain in both groups sig-
nificantly improved at all time points. By 12-month follow-up, mean VAS scores 
had declined by 5.00 in the vertebroplasty group and 4.75 in the sham group.

Interpretation of the available evidence is challenging given the heterogeneity of 
study inclusion criteria, open vs. blinded design, and variable use of sham proce-
dure. Questions remain regarding the optimal timing of intervention and which 
patient characteristics indicate favorable outcome. Overall, evidence has shown that 
those with acute fractures (<6 weeks) and severe pain may benefit from vertebral 
augmentation. This statement is consistent with the recommendations of a multiso-
ciety interventional spine panel which found vertebral augmentation to be a safe and 
valid treatment option for painful VCF refractory to medical management [82]. 
Further high-quality studies may also aid in defining the long-term impact of verte-
bral augmentation on other important outcome measures such as fall risk, adjacent 
fracture risk, future vertebral height loss and kyphosis.

In summary, a multimodal approach to the management of painful VCF is often 
necessary. While most patients achieve adequate pain controlled with conservative 
measures alone, vertebral augmentation may be considered for those with severe, 
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refractory pain following acute VCF. In addition to controlling pain and promoting 
function, timely evaluation and treatment of bone health is of high importance. 
Successful management may also necessitate coordination across a multidisci-
plinary team, including the primary care physician, endocrinologist or osteoporosis 
specialist, oncologist and radiation oncologist when malignancy is known or sus-
pected, and interventional spine specialist [33]. Further high-quality studies are 
needed to better inform individualized management strategies.

 Conclusion

VCFs are a common cause of back pain and disability, especially in the elderly. 
While osteoporosis in the most likely etiology, other causes, such as malignancy, 
must not be overlooked. Although most VCFs are asymptomatic, some patients may 
experience significant fracture-related pain and functional deficits resulting in poor 
quality of life and high socioeconomic costs. Diagnostic studies may include plain 
film radiographs or more advanced imagining, such as MRI. The patient history and 
physical exam are important and often aid in establishing the diagnosis and fracture 
acuity. Timely evaluation and optimization of bone health following an osteoporotic 
VCF is important in reducing the risk of new fractures. When indicated, treatment 
of osteoporosis should be initiated given the high risk of subsequent fracture. Most 
patients who suffer an acute VCF respond to conservative management, with pain 
gradually resolving over several weeks. Successful conservative treatment is often 
multimodal and may include medications for pain control, physical therapy, and 
spinal bracing. For those patients with an acute fracture who continue to experience 
significant pain, despite a trial of conservative therapy, vertebral augmentation can 
be considered.
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12Epidural Lysis of Adhesions

Gabor Bela Racz and Gabor J. Racz

 Introduction

The goal of the lysis of adhesions chapter is to separate the tissue plane between the 
nerve root and epidural structures. The sliding motion between the posterior longi-
tudinal ligament and the dura mater can become reduced from disk material leaking 
into the space and causing inflammation and scarring. Pain from this scarring can be 
identified by performing a dural tug maneuver. To perform the dural tug maneuver, 
the patient’s spine is maximally flexed and the patient is asked to point to the loca-
tion of back pain. It is thought that the pain is localized to the painful level where 
the dura is adhered to the posterior longitudinal ligament. The posterior longitudinal 
ligament is highly innervated and is a source of back pain [1]. The procedures for 
caudal, sacral, lumbar transforaminal and cervical lysis of adhesions have been 
described in detail elsewhere and much of the text and images are reproduced 
herein [2].

 Recent Modifications

Recent modifications to the technique are summarized here. They include obtaining 
a lateral view during contrast injection to ensure that the ventrolateral epidural 
space is opened [3]. This is critical and a lack of ventral spread explains many of the 
failures that have been reported with the procedure. Midline catheter placement has 
been used for epidural lysis of adhesions however to ensure ventrolateral 
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medication placement, the midline catheter position is not recommended [4]. Also, 
in a study of transforaminal injections, 8 ml of injected volume was more effective 
than 3 ml, with the same steroid dose [5]. This supports the concept that spreading 
medications around the epidural space is effective. With lysis of epidural adhesions, 
hypertonic saline is diluted with lidocaine to a final concentration of 10% saline in 
order to prevent pain with injection of hypertonic saline. Five percent hypertonic 
has been used and was associated with less pain during infusion but without other 
advantage [6]. Pain can be effectively prevented by using lidocaine before injecting 
hypertonic saline and 10% has a longer duration of effect than 5%. The use of addi-
tional lidocaine before hypertonic saline injection is helpful to prevent pain in case 
hypertonic saline breaks out of an anesthetized compartment and flows into an area 
of the epidural space that is not anesthetized. Additionally, it important to flush 
hypertonic saline from the catheter to avoid pain that results from injecting the 
residual hypertonic saline on a subsequent day without local anesthetic in the epi-
dural space.

If success is not apparent within several days, the procedure may be repeated at 
6 weeks rather than waiting for 3 months, during which time, scarring can reform. 
In the past, repeating the procedure was delayed to avoid overtreatment but it has 
been learned that results are better if a second procedure is done sooner to avoid a 
return to baseline scarring levels. Finally, the dural flossing exercises should be 
performed 10 times per day for several weeks and neural flossing exercises shoulder 
be performed indefinitely. These exercised are described later in the chapter.

 Lysis of Epidural Adhesions

Epidural lysis of adhesions employs site-specific catheter placement to the desired 
ventral lateral epidural space and verifying that the space is opened up at the symp-
tomatic level to achieve freeing up of the nerve root. If this is not achieved, place-
ment of a transforaminal catheter to open up the symptomatic level is performed. 
Lysis of adhesions with the local steroid and hypertonic saline sequence is per-
formed either as a one-day procedure or as three separate injections. Lysis of epi-
dural adhesions was developed as a three-day technique with injections each day; 
however, the technique has been adapted to a shorter treatment using injections at 
least 6 hours apart over a day and a half. Once the lysis procedure has been com-
pleted, the patient begins neural-flossing exercises. Since the pulling forces with 
exercises are relatively small, exercises alone are not sufficient to resolve symptoms 
associated with epidural adhesions. The physical lysis of adhesion by fluid disper-
sion in the tissue plane is crucial. Because the most significant innervation to the 
spinal canal component of the disc is the sinu- vertebral system, ventrolateral spinal 
canal catheter placement is optimal and this type of pain responds very well to the 
use of hypertonic saline.

Hypertonic saline has long-term analgesic effects when used in the epidural 
space for lysis of epidural adhesions. The recovery of action potentials in myelin-
ated neurons has been demonstrated after application of hypertonic saline [7]. 
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Hitchcock reported the use of cold saline and hypertonic saline for the treatment of 
pain decades ago [8, 9]. Birkenmaier studied hypertonic saline in a human fibroblast 
cell culture but did not study recovery of action potentials [10]. Hyperosmolar solu-
tions are similar to local anesthetic in that nerve conduction recovers but fibroblasts 
are inhibited. Heavner, et al. performed a prospective, randomized blinded trial of 
lesion specific epidural adhesiolysis on 59 patients with chronic intractable low 
back pain [11]. The combination of hypertonic saline and hyaluronidase has pro-
vided the best results with epidural lysis of adhesions [12]. Hyaluronidase enhances 
the spread of injected medications in the epidural space and has an inhibitory effect 
on neutrophil infiltration. This occurs to a similar degree in animal extract as well as 
recombinant hyaluronidase preparations [13]. Using hyaluronidase has been criti-
cized for increasing risks and costs but data to support these conclusions was not 
presented [14]. Neutrophil infiltration is the first step in the inflammation cascade 
that leads to edema and early pain. Hyaluronidase is useful in preventing local 
edema and neuropathic post- procedure sensitivity and pain. In the epidural space, 
these medications are safe and effective but epidural placement must be confirmed 
with radiographic imaging and local anesthetic test doses to rule out subdural or 
other placement.

 Applied Anatomy

The spinal epidural space lies within the spinal canal from the foramen magnum to 
the sacral hiatus. The posterior epidural space is bounded by the ligament flavum 
posteriorly and the dura mater anteriorly. The epidural space contains veins and fat 
as well as segmental arteries. The epidural space extends laterally into the neural 
foramina. The epidural space may be compartmentalized by attachment of the dura 
mater to the ligamentum flavum lamina or other structures. A negative pressure is 
produced in the epidural space by the pressure gradient associated with inspiration. 
The caudal epidural space is entered through the sacral hiatus. The sacral hiatus is 
easily palpated at the superior aspect of the gluteal fold. The thecal sac extends 
inferiorly to S3 so needle tip placement should be below this level to avoid dural 
puncture. The first sacral foramina is oriented in a plane that required fluoroscopic 
positioning in an ipsilateral oblique and cranial view for optimal visualization. The 
lumbar neural foramina can be approached inferior to the transverse process. Most 
of the arteries lie in the more anterior part of the foramen.

The ligamentum flavum in the cervical epidural space is inconsistent so the loss 
of resistance technique is less reliable compared to the lumbar levels especially 
superior to the sixth cervical level. A large epidural venous plexus is present at the 
cervico-thoracic junction, but cervical epidural procedures are performed at this 
level to avoid the risk of dural puncture at a mid-cervical spinal cord level. Cervical 
neural foramina increase in size with cervical flexion and decrease with extension. 
This feature allows flexion –rotation exercises to open the foramina in case of fluid 
loculation in the epidural space after an injection. This can decompress the epidural 
space and resolve symptoms of pain after a cervical injection.
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 Indications

The Epidural lysis of adhesions procedure is indicated for radicular pain syndromes 
that have not responded to conservative care including medications and physical ther-
apy. A comprehensive list of established indications from previous studies is below:

• Chronic low back pain of 3–6  month duration and failed conservative treat-
ment options

• Back pain with or without radiculopathy
• Radiating Lower Extremity Pain with provocative straight leg raising test
• Failed back surgery syndrome
• Radiographic evidence of pathology such as spondylosis
• Spinal Stenosis
• Osteophyte and radiculopathy
• Lateral recess stenosis and radiculopathy
• Disc herniation and radiculopathy
• Spondylosis and radiculopathy, (MRI, CT)
• Radiculopathy due to Epidural Fibrosis (on enhanced MRI)
• Disco genic back pain and back spasm
• Faded stimulation from Neuromodulator (SCS, spinal narcotics)
• 18 years of age or older (no specific contraindication by age)

Contraindications include:

• Spinal instability
• Spinal Cord Syrinx
• Local infection, unresolved spinal infection
• Chronic infection
• History of gastrointestinal bleeding or ulcers
• Substance use disorder and/or uncontrolled major depression or psychiatric 

disorders
• Arachnoiditis
• Arterio-venous malformation
• History of adverse reaction to local anesthetic, steroids, contrast or other injected 

medications.
• Uncontrolled or acute medical illnesses including coagulopathy, renal insuffi-

ciency, chronic liver dysfunction, progressive neurological deficit, urinary and 
sphincter dysfunction, infection, increased intracranial pressure, spinal fluid 
leak, pseudo tumor cerebri, intracranial tumors, unstable angina and severe 
chronic obstructive pulmonary disease.

• The use of anti-platelet medications or anticoagulants e.g.: aspirin, Plavix, 
NSAID’s, gingko, ginseng, Vitamin E, garlic, Coumadin, Fish Oil, Mobic, etc. 
(Laboratory measurements for bleeding and clotting to be in the normal range 
following discontinuation for appropriate duration.)

• Pregnant or lactating women

In addition to these indications, several new indications are being treated success-
fully with lysis. Annular tears are associated with back pain but common treatments 
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are not particularly effective [15]. Annular tears and high intensity zone lesions are 
another indication for the lysis procedure. Endplate edema and back pain is also 
responsive to the lysis procedure. Neuromodulation “fade” due to scarring can be 
reversed by lysis of adhesions and prolong the life of the stimulator by several years. 
Post-surgical foot drop and bladder urgency secondary to sacral nerve root scarring 
may respond to S1 or lumbar transforaminal lysis depending on the site localized by 
the dural tug maneuver.

 Techniques

The goal of the procedure is to inject therapeutic medications at the site of pathol-
ogy. The site of pathology is determined by history, physical examination and imag-
ing studies, including epidurography. Epidurography is performed by injecting 
radiopaque contrast into the epidural space to demonstrate areas of epidural adhe-
sions that do not fill with contrast normally. A specialized catheter is used to pene-
trate the adhesion area of the epidural space so that injections will open the space 
and allow delivery of therapeutic medications. Conventional injections such as sin-
gle shot interlaminar and transforaminal epidural injections may fail to relief pain 
because they injected medication never reaches the target of pain. The procedure 
involves multiple steps and injections. Myelogram grade contrast is used to localize 
epidural adhesions. Following catheter placement into the scar area, additional con-
trast is used to open the epidural space and neural foramina. Following this, local 
anesthetic is injected to provide analgesia and to test for subdural blockade. 
Hyaluronidase is usually injected to facilitate spreading of injected medications. 
Hypertonic saline is injected to reduce swelling and provide long term analgesia. 
The rationale for the procedure is to provide longer term analgesia compared to 
conventional single shot steroid injections by injecting steroid and other therapeutic 
medications at specific pathology as opposed to injecting into the posterior epidural 
space or neural foramen and relying on favorable spread to result in the medication 
reaching a therapeutic location.

 Lysis of Epidural Adhesions via Caudal Approach

The sacral hiatus allows direct access to the sacral epidural space (Fig. 12.1). The 
Rx™Coude® epidural needle has a specialized tip to allow for catheter reposition-
ing without shearing the catheter. The RX™ Coude® allows for multiple passes of 
the catheter to achieve the optimal tip placement. The RX™ Coude® tip is designed 
to reduce the chance of catheter shearing. The opening of the needle tip is com-
pletely round allowing free passage of the catheter, unlike the oval tipped Touhy 
needles or conventional spinal cord stimulator needles. The needle tip and catheter 
bend must be positioned in the same direction. The catheter used has a wire coil 
construction with a special coating to prevent kinking and vascular penetration. The 
Racz® catheters are radiopaque and can be steered in the epidural space to the level 
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and side of pathology in the ventrolateral epidural space. Site-specific injections are 
far superior to blind non-specific delivery of medications. The ventral lateral epi-
dural space is unique in that fluid injected under pressure follows the path of least 
resistance and will spread into the scarred perineural space and “free up” the nerve 
roots. When the target cannot be reached, it is clearly visible on the lateral fluoro-
scopic views. Subsequent treatment using the transforaminal approach for catheter 
placement and lysis can further reduce back pain and/or radiculopathy from involve-
ment of the structures that are the most richly innervated by the sinu-vertebral nerve 
system. For one-day lysis procedures, the skin entry point for needle access may be 
close to the sacral hiatus in the midline for easier placement. For the three-day tech-
nique and repeat injections or continuous infusion therapies, the skin entry is 2 
inches inferior and 1-inch lateral of the gluteal cleft on the contralateral side to the 
pain. This second approach places the skin entry away from the sacral hiatus in 
order to reduce the chance of infection and allows easier catheter placement on the 
affected side. Palpation with the index finger is used to locate the sacral horns (cor-
nua) of the sacral hiatus to locate the entry point for the 15ga. or 16 ga. RX-2™ 
Coude® needle (Fig. 12.2). For a 1 day procedure, the skin entry point may be just 

Fig. 12.1 Posterior 
lumbosacral anatomy with 
sacral hiatus
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inferior to the sacral hiatus. However, for a 3 day procedure, the entry point is 2″ 
below the sacral hiatus and 1″ from midline (gluteal cleft). This reduces infection 
risk by this tunneling technique. The anterior-posterior C-arm position may be used 
to confirm the location of the sacral hiatus (Fig. 12.3). The finger is rolled medially 
and laterally to confirm the location and the finger is maintained at the sacral hiatus 
as a guide. A lateral fluoroscopic view should be obtained after skin penetration to 
avoid needle advancement too anteriorly into the bowel. (Fig. 12.4) After confirm-
ing epidural placement, rotate the needle 90° degrees towards the target area 
(Fig. 12.5a, b). Anterior-posterior and lateral view and injection of contrast confirms 
good needle placement. The lateral fluoroscopic image should be used to check for 
circumferential contrast spread. Needle tip placement should be below the S3 neural 
foramen to avoid the thecal sac. Midline catheter placement in the sacrum can result 
in subdural placement by penetrating the inferior dural sac at the S3 level. This is 
avoided by catheter placement off the midline when using the caudal approach. It is 
important to make a bend at the Racz® bend marker on the catheter 1 inch (second 
marker on the catheter) proximal to the catheter tip at a 15°–20° angle for optimum 
steering (Fig. 12.6). With the XL tip catheter the stylet needs to be close to the tip 
for enhanced steering. If the bend is too short, the catheter tends to buckle. If the 
bend is too long, it is much harder to steer. The C-Arm is rotated to the anterior- 
posterior position (Fig. 12.7). In order to direct the catheter to the ventral lateral 
epidural space, the catheter advancement should be slow, keeping the catheter near 
the midline and the point on the bend medial to the tip. This allows the catheter to 

Fig. 12.2 The sacral 
hiatus is identified by 
palpation and a skin 
puncture site is 
contemplated 
approximately 2 inches 
inferior and 1 inch lateral 
to the hiatus. Skin puncture 
site is labeled as an X, 
inferior to the sacral hiatus 
to allow entry of the 
RX-Coude needle. The 
puncture is made off the 
midline on the side 
contralateral to the pain in 
order to direct the catheter 
to the affected side
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Fig. 12.3 The C-arm 
position is anterior- 
posterior to maintain 
needle position superficial 
to bony sacrum and coccyx

a
b

Fig. 12.4 (a) The C-arm is rotated to the lateral position to confirm placement. (b) The lateral 
image confirms placement
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be steered anteriorly in the epidural space (Fig. 12.8a, b). The tip of the RX-Coude 
needle should be oriented toward the target (Fig. 12.9). The technique is described 
in more detail elsewhere [16]. Cases with long-term outcomes are also reported 
[17]. Recurrent scaring in the same area has been observed 22 years after an initial 
lysis procedure. Also, pain can occur months to years after a lysis procedure on the 
opposite side. The technique for securing the catheter is shown (Fig. 12.10).

 Advanced Catheter Fastening Technique Steps

 1. Make a full twist in the catheter to form a loop.
 2. Place loop over the neck of the connector.
 3. Pull catheter until securely around the connector body.
 4. Use tape to secure the device.
 5. Attach a bacterial 0.2-micron filter to maintain sterility.

a b

Fig. 12.5 (a) The RX- Coude needle is placed into the caudal canal and rotated toward the target. 
(b) Cutaway diagram of RX-Coude placement. The RX-Coude is rotated toward the painful side 
to facilitate catheter placement at the target area

Fig. 12.6 A 15–20 degree 
bend is made at the 
insertion end of the 
catheter to facilitate 
steering
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The connector is attached to the catheter for connection to a syringe (Fig. 12.11). 
The C-Arm is rotated to the lateral view (Fig. 12.12) Contrast injection is performed, 
showing contrast in the ventrolateral epidural space (Fig. 12.13). Subsequent injec-
tions result in the lysis of epidural adhesions (Fig. 12.14) Anterior-posterior shows 
contrast in the epidural space and contrast that has flowed out of the epidural space 
through the neural foramen (Fig. 12.15). Epimed’s Stingray™ Connector design 
allows for a fastening technique that changes pulling force direction to prevent dis-
connects. The Stingray™ when compared to four other connectors for grip and 
strength was found to be the best; however, for repeat injections or prolonged use 
the following additional measures further enhance safety [10]. Using this technique, 
the force to separate the catheter is more than doubled. Bacterial filters are recom-
mended in all instances when more than one injection is used or the catheter is left 
in place for prolonged period. Anytime there is a disconnection of the catheter and 
the connector the system should be removed from the patient. This is an essential 

Fig. 12.7 The C-arm is 
rotated to anterior- 
posterior position

G. B. Racz and G. J. Racz



261

precaution to prevent infection. After the catheter tip is placed in the proper location 
(ventral/lateral), attach Stingray™ Connector to inject the target site. Always use 
bacterial filter. Physicians use this technique during a three-day lysis series or post 
procedure injection of hypertonic saline in the recovery room for the one-day pro-
cedure. It is also useful when prolonged or postoperative infusion is utilized.

In order to simplify the procedure, several tips are offered:

 1. Slow down.
 2. Go near mid-sacral canal
 3. Make a 15–20 degree bend at the 1-inch Racz® bend marker and steer only 

when the catheter is being advanced.

a b

Fig. 12.8 (a) The catheter is passed to the target, L4 on the right, in this case. (b) The catheter is 
passed to the target, L4 on the right, in this case

Correct
needle direction

Incorrect
needle direction

Fig. 12.9 The tip of the 
RX-Coude needle should 
be oriented toward the 
target to make placement 
easier. This also prevents 
shearing if the catheter 
needs to be withdrawn  
and redirected
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Table 12.1 summarizes medications and doses for procedures (Table 12.2). 
Discharge criteria include ambulation and voiding. If patients have difficulty, they 
should be observed until recovery is complete. Spine surgery patients may have 
dural tears and need to be monitored for subdural blocks. Also, patients with dense 
scar may develop recurrent scarring within 3 months and lysis can be repeated in 1 
month to prevent this from occurring. A variation of the series of 3 injections is the 
1 day, single injection period, and technique.

The medications used are outlined below.

 1 Day Lumbar Lysis

 1. Diagnostic: 5–10  mL OMNIPAQUE™240*  – outline filling defect and place 
catheter to target site

 2. To show runoff and absence of loculation, contrast 4–5 mL OMNIPAQUE™ 
240* injected through the catheter

 3. 2–3  mL OMNIPAQUE™240* through catheter for verification of enzyme 
effectiveness

 4. Spreading Factor: Hylenex® 150–300  units (human recombinant) diluted in 
10 mL of preservative-free saline

 5. Steroid Injection: 4 mg dexamethasone or 40 mg triamcinolone
 6. Local Anesthetic: 10  mL 0.2% ropivacaine or 10  mL of 0.25% bupivacaine. 

Patients seem to respond to bupivacaine better than ropivacaine.
 7. Depending on the physician’s lysis technique, wait 20–30  min. Evaluate for 

motor block with a voluntary straight leg raise. If no motor block is present, with 
the patient’s painful side down, inject 8–10 mL of 10% hypertonic saline over 
20–30 minutes. If the patient experiences pain, inject 2–3 mL of local anesthetic.

Fig. 12.10 Advanced catheter fastening technique steps. (1) Make a full twist in the catheter to 
form a loop. (2) Place loop over the neck of the connector. (3) Pull catheter until securely around 
the connector body. (4) Use tape to secure the device. (5) Attach a bacterial 0.2-micron filter to 
maintain sterility
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After injections have been completed, the patient’s motor function should be evalu-
ated with by testing hip flexion with the knee extended. If there is a motor block, 
stop the procedure. Be sure to attach bacterial filter to the Stingray™ connector to 
guarantee sterility of the catheter. Wait 20–30 minutes. Place the patient with their 
painful side in the gravity–dependent position. Flush catheter with 2–3 ml normal 
saline solution. Once the nerve root is freed, the “neural flossing” exercises are 
started. Patient education about the exercises is an important component. Very com-
monly, patients also have facet joint arthropathy that requires additional treatment.

Fig. 12.11 The connector 
is attached to the catheter 
for a syringe. (A) Catheter 
tip position. (B) Stingray 
connector
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Fig. 12.12 The C-Arm is 
rotated to the lateral view

Fig. 12.13 Contrast 
injection shows placement 
in the ventrolateral 
epidural space

Fig. 12.14 Schematic of 
the lysis procedure. The 
catheter is placed in the 
ventrolateral epidural 
space and fluid is injected 
to open scar around the 
nerve root
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Several tips are very useful. The catheter should be advanced with slow move-
ments and rotation should be performed while advancing the catheter, not by twirl-
ing the catheter in place.

In order to make the catheter easier to steer for cervical and thoracic procedures, a 
Racz® bend is made at the 1/2 inch mark from the tip. For caudal procedures, the 
bend is made at the 1-inch mark. When the catheter is in the ventrolateral epidural 
space, the catheter will bend laterally. Most epidural scar formation occurs in the ven-
tral and lateral recess. Fluid injection under pressure opens up the perineural space. 
The process is “compartmental filling”- where the injected fluid flows along the path 
of least resistance in the scar and then over flows into the adjoining “compartment.” 
After the initial injections have been completed, the introducer needle must be with-
drawn from the patient to allow for repeat bolus injections. Before removing the intro-
ducer needle, it is important to stabilize the catheter’s position (Fig. 12.16a–c).

The sequence of steps is:

 A. Stabilize catheter to prevent catheter tip displacement.
 B. Withdraw introducer needle while holding catheter in place.
 C. Remove introducer needle.

Once the introducer needle has been carefully extracted from the patient’s body, 
secure the catheter body at the exit site. At this point, the introducer needle should 
be withdrawn completely from the catheter. Bacterial filters are recommended in all 
instances when more than one time injection is used or the catheter is left in place 
for prolonged period. Anytime there is a disconnection of the catheter and the con-
nector the system should be removed from the patient. This is an essential precau-
tion to prevent infection. The importance of securing an intact catheter cannot be 
overemphasized. The technique that has been developed is described next.

Fig. 12.15 Anterior- 
posterior image showing 
contrast in the epidural 
space and contrast that has 
flowed out of the epidural 
space through the neural 
foramen
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Table 12.1 Pain free hypertonic saline volumes and pharmacological adjustments

1st series injections 2nd series injections 3rd series injections
Caudal catheter
(1) 10 mL caudal epidural omnipaque 
240 contrast
(2) 10 mL PF Normal Saline w/150 
units Hyaluronidase (Hylenex – 
Human Recombinant) or 1500 units 
Hyaluronidase animal extract
(3) 0.25% Bupivacaine with 40 mg 
Triamcinolone under fluoroscopic 
A/P and lateral observation. Lateral 
view [essential to rule out intravenous 
or subdural injection or spread 
through a partial surgical tear]. 
Observe patient for 20–30 minutes 
for delayed onset of motor block that 
would indicate subdural placement.
aAbandon procedure if motor block 
develops
Subdural motor block usually 
develops in 14–15 minutes later.
Shorter Observations Not 
Recommended!
Start Flexion-rotation exercises
New – 20–30 minutes later. 
Lidocaine 1% 1.5 mL injection, 
followed by 2–3 minutes later 10 mL 
of 10% sodium chloride in 0.6% 
lidocaine, injected in 1mL increments 
fairly rapidly, over 3–5 minutes. The 
small volume, prehypertonic 
lidocaine, seem to cover the 
periphery of the injection site, 
therefore no pain from the 
hypertonic. Remember to flush at the 
end with 1mL PF saline.
Frequent check for motor function – 
post operative observation 
requirements, maybe 2–4 hours.
Transforaminal catheter
Volumes are reduced to 5 mL. [Local 
and hypertonic]

Caudal catheter
Usually same day, 
4–6 hours later.
(1) 10 mL of 
Bupivacaine 0.125%
No Motor Block
   Wait 20–30 

minutes
If no motor block
(2) 1.5 mL – 1% 
Lidocaine
   Wait 2–3 minutes
(3) Inject 10 mL – 
(6 mL 1% Lidocaine, 
4 mL of 23.4% 
NaCl) = 10% sodium 
chloride in 0.6% 
lidocaine, fairly 
rapidly, over 3–5 
minutes
Flush after observing 
patient for 30 
minutes.
Transforaminal 
catheter
Volumes are reduced 
to 5 mL. [Local and 
hypertonic]
Prehypertonic 
lidocaine: 1% 1 mL
If there is no motor 
block and patient is 
able to ambulate, 
patient can go home 
in 45–60 minutes. 
Cost Saving

Caudal catheter
Usually same day, 4–6 hours 
later.
(1) 10 mL of Bupivacaine 
0.125%
No Motor Block
   Wait 20–30 minutes
If no motor block
(2) 1.5 mL – 1% Lidocaine
   Wait 2–3 minutes
(3) Inject 10 mL – (6 mL 1% 
Lidocaine, 4 mL of 23.4% NaCl) 
= 10% sodium chloride in 0.6% 
lidocaine, fairly rapidly, over 3–5 
minutes
Flush after observing patient for 
30 minutes.
Transforaminal catheter
Volumes are reduced to 5 mL. 
[Local and hypertonic]
Prehypertonic lidocaine: 1% 
1 mL
If there is no motor block and 
patient is able to ambulate, 
patient can go home in 45–60 
minutes. Cost Saving

Staff responsible for observation should be ACLS certifed
Techniques of Neurolysis - Chapter 7: Hypertonic Saline and Corticosteroid Injected Epidurally 
for Pain Control. (Racz, Heavner, Singleton and Caroline). Springer 1989
a Pain Free Hypertonic Volumes by Dr. Gabor B. Racz
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Lumbar Epidurals

Caudal Epidurals

Cervical Facet Joint NB's

Lumbar Facet Joint NB's

Adhesiolysisa

SCS (British)

SCS (Canada)

Physical Therapyb

Disc Herniation
 Surgery (SPORT)

Degenerative Spondylolisthesis
Surgery (SPORT)

Stenosis w/ spondylolistheses
stenosis surgery (SPORT)

$2,761

$3,042

$3,572

$3,710

$3,716

$8,215

$12,360

$- $20,000 $40,000 $60,000 $80,000 $100,000 $120,000

$6,397 - $32,058

$69,403

$77,600

$115,600

Surgery and additional 
procedure sparingd

Table 12.2 Cost effective per Quality-Adjusted Life Year (QALY)

Manchikanti et al. [42]
a Gerdesmeyer et al. [36]. This study strongly recommends Lysis be performed prior to spine surgery
b Veihelmann et al. [23]. Convincing superiority of Epidural Neuroplasty over Physical Therapy
c Racz and Noe [22]. Print
d Moon et al. [43]

a b

c

Fig. 12.16 A Needle removal without dislodging the catheter is critical. The sequence of steps is: 
(a) Stabilize catheter to prevent catheter tip displacement. (b) Withdraw introducer needle while 
holding catheter in place. (c) Remove introducer needle

 Catheter Tape Down Technique

Place suture and tie loose loop. (Fig. 12.17)
Wrap around catheter two times and tie surgical knot. (Fig. 12.18)
Apply antibiotic ointment around skin entry and place two-split 2 × 2” gauze to 

keep antibiotic in place. (Fig. 12.19)
Apply adhesive i.e. tincture of benzoin around gauze. (Fig. 12.20)
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Fig. 12.17 Catheter tape 
down technique. Place 
suture and tie loose loop

Fig. 12.18 Catheter tape 
down technique. Wrap 
around catheter two times 
and tie surgical knot

Fig. 12.19 Catheter tape 
down technique. Apply 
antibiotic ointment around 
skin entry and place 
two-split 2 × 2” gauze to 
keep antibiotic in place
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Place one loop on catheter and transparent dressing i.e. opsite (Fig. 12.21)
Connect bacterial filter and four pieces of sweat resistant hypofix tape (Fig. 12.22).

After completion of the procedure cut suture and gently remove the catheter. If 
resistance is detected, don not forcibly pull on the catheter to avoid catheter shear-
ing. Reposition the patient and repeat attempting to remove the catheter. 
Simultaneously pushing and twisting the catheter allows removal (Fig. 12.23). The 
use of wide-open R-X™ Coude® needles reduce the incidence of shearing. After 
injections have been completed, the patient’s motor function should be evaluated by 
testing hip flexion with the knee in extension. If there is a motor block, stop the 
procedure. Be sure to attach bacterial filter to the Stingray™ connector to reduce the 
infection risk. Observe for 20–30 minutes. Place the patient with their painful side 
in the gravity dependent position.

Fig. 12.20 Catheter tape 
down technique. Apply 
adhesive i.e. tincture of 
benzoin around gauze

Fig. 12.21 Catheter tape 
down technique. Place one 
loop on catheter and 
transparent dressing i.e. 
opsite
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 Lumbar Transforaminal Catheter Placement

The R-X™ Coude® epidural needle and Racz® Catheter are used. Oblique lumbar 
anatomy is shown in Fig.  12.24. The C-Arm is rotated to the oblique position 
(Fig. 12.25). First, rotate the c-arm until the ipsilateral spinous process appears to 
move to the contralateral side of the spine. Second, adjust the cephalad caudal tilt 
until the superior pars is superimposed over the disc space. An approximately 30° 
oblique angle is used while viewing the (SAP) or the ear of the “Scottie Dog” as the 
needle target. Rotate the C-arm in the cephalad/caudal plane so that the ear of the 
“Scottie Dog” (SAP) is superimposed over the disk space. These two steps can be 
accomplished faster than the much lengthier process of trying to square the end 
plates. The R-X™ Coude® needle is steered to aim toward and come in bony con-
tact with the tip of the superior pars (Fig. 12.26). Advance the RX™ Coude® needle 
until the tip comes in contact with the superior articular process (SAP). Once bony 
contact is made, rotate the RX™ Coude® needle 180° counter clockwise to orient 

Fig. 12.22 Catheter tape 
down technique. Connect 
bacterial filter and four 
pieces of sweat resistant 
hypofix tape

Fig. 12.23 Catheter 
removal with tip intact
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the needle laterally (Figs.  12.27 and 12.28). Rotate C-arm to give lateral view 
(Fig. 12.29). Using a lateral fluoroscopic view, the needle tip is navigated around the 
SAP (Fig. 12.30). Advance the needle to slide past the superior articular process. 
Change the C-arm to the lateral position and advance the RX™ Coude® needle 
until you feel it “pop” through the intertransverse ligament (Fig. 12.31). Rotate the 

Fig. 12.24 Oblique 
lumbar spine anatomy

Fig. 12.25 C-arm is in 
oblique position
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Fig. 12.26 The 
RX-Coude needle is 
advanced to make bony 
contact with the superior 
articular process posterior 
to the target foramen. (A) 
Superior articular process. 
(B) Intertransverse 
ligament. (C) Transverse 
process

Fig. 12.27 The 
RX-Coude needle is 
rotated to a lateral 
orientation to allow 
navigation around the 
superior articular process. 
(A) Superior articular 
process. (B) Intertransverse 
ligament. (C) Transverse 
process

Fig. 12.28 The 
RX-Coude needle is 
rotated to a lateral 
orientation to allow 
navigation around the 
superior articular process
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Fig. 12.29 The C-Arm is 
rotated to the lateral 
position

Fig. 12.30 The 
RX-Coude is advanced 
lateral and around the 
superior articular process

Fig. 12.31 The 
RX-Coude is advanced 
through the intertransverse 
ligament using the lateral 
view to avoid anterior 
placement. (A) Superior 
articular process. (B) 
Intertransverse ligament. 
(C) Transverse process
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RX™ Coude® needle back 180° clockwise allowing the needle to curve back in the 
direction of the foramen (Fig.  12.32). The RX2™ Coude® needle has a second 
stylet that protrudes 1 mm beyond the needle tip to convert the needle to a blunt 
probe. Needle advancement is stopped at this point. The RX™ Coude® advance-
ment should stop before the nerve root is reached. There should not be paresthesia 
or sharp nerve pain. When using the Versa-Kath® it is important to make a half inch 
10°–15° bend in the catheter for optimum steering ability (Fig. 12.33). With the XL 
tip catheter, the stylet needs to be close to the tip for enhanced steering. If the bend 
is too short, the catheter tends to buckle. If the bend is too long, it is much harder to 
steer. The use of a wide-open RX™ Coude® needle reduces the incidence of 

Fig. 12.32 The Rx-Coude 
needle is rotated to the 
medial orientation to 
facilitate catheter 
placement

Fig. 12.33 A 10–15 
degree bend is bend is 
made 1/2 inch from the 
catheter tip to facilitate 
steering
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shearing. A Racz® catheter will readily be passed in the ventral epidural space to 
mid canal position (Figs. 12.34, 12.35, 12.36, and 12.37). A test dose of local anes-
thetic is administered and the patient is monitored for 15 minutes to ensure a subdu-
ral block is not produced. Using a sharp epidural needle for catheter placement may 
produce a puncture or laceration of the dural sleeve. Safely introduce a Racz® cath-
eter to the ventral/lateral epidural space and halfway into the spinal canal. The opti-
mal catheter placement should be halfway or less into the epidural space of the 
spinal canal, without crossing the midline. If perivenous counter spread (PVCS) is 
observed during injections, flexion and rotation exercises must be performed to 
reduce pressure by opening the neural foramina and allow fluid to escape through 
the foramina. Bacterial filters are recommended in all instances when more than 
one-time injection is used or the catheter is left in place for prolonged period. 
Anytime there is a disconnection of the catheter and the connector the system should 

Fig. 12.34 Catheter 
placement, lateral anatomy. 
(A) Superior articular 
process. (B) Intertransverse 
ligament. (C) Transverse 
process

Fig. 12.35 Catheter 
placement in lateral image
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be removed from the patient. This is an essential precaution to prevent infection. 
The catheter cannot be cleaned and reconnected if it becomes contaminated.

Steps to secure the catheter are:

 1. Make a full twist in the catheter to form a loop.
 2. Place loop over the neck of the connector.
 3. Pull catheter until securely around the connector body.
 4. Use tape to secure the device.
 5. Attach a bacterial 0.2-micron filter to maintain sterility.

Epimed’s Stingray™ Connector design allows for a fastening technique that changes 
pulling force direction to prevent disconnections. The Stingray™ Connector is 
designed to have more grip strength on the catheter. This is essential for repeat 
injections or prolonged use. Using this technique more than doubles the catheter 

Fig. 12.36 Catheter 
placement in anterior- 
posterior image

Fig. 12.37 Catheter 
placement in anterior- 
posterior cut away 
schematic drawing
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pull strength resistance. This technique is used for a three-day series of injections 
for lysis or post procedure injection of hypertonic saline in the recovery room for 
the one-day procedure. It is also useful when prolonged or postoperative infusion is 
utilized. Bacterial filters are recommended in all instances when more than one 
injection is used or the catheter is left in place for prolonged period. Anytime there 
is a disconnection of the catheter and the connector the system should be removed 
from the patient. This is an essential precaution to prevent infection. The catheter 
tape down technique, described previously, is used. After completion of the proce-
dure cut the suture and gently remove the catheter. If resistance is detected, reposi-
tion the patient and repeat. At times, push and twist the catheter allows removal.

 Sacral Foraminal Catheter Placement

The Scarring Triangle is a common location that requires lysis. A recent observation 
is that patients develop scaring in the L5-S1 dorsal root ganglion area that may be 
associated with ankle weakness or foot drop. This area is difficult to enter using a 
catheter. Teske described the space as the scaring triangle (Fig. 12.38) [18]. The space 

Fig. 12.38 Posterior 
lumbosacral anatomy, 
cutaway schematic 
showing the scarring 
triangle in red
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measures 0.9–1.1 mL on each side. The boundaries are medial to the L5 nerve root, 
lateral to the S1 nerve root and the base of triangle is above the disc of L5- S1. This 
space is large enough to accept the average lose disc fragment. It tends to collect leaky 
disc material or the scars because of trauma and /or surgery. Due to the curvature of 
the sacrum and the formation of dense scarring, this area blocks catheters and scopes 
from entering into the ventral epidural space. Regular epidural catheters and scopes 
have not been able to enter this scarred area. Matsomuto described the use of a 
21-gauge Versa-Kath® to successfully using a transforaminal approach [19]. 
Matsumoto realized that coming from the posterior S1 neural foramen with an 18 
gauge RX-2™ Coudé® Needle and then rotating it, the curved tip allows ventral epi-
dural projection of a 21 gauge VERSA-KATH®.2 The VERSA- KATH® is x-ray vis-
ible and steerable as long as rotation coincides with the advance of the catheter.

Place patient in prone position. The corresponding ventral and dorsal foramina 
are not at the same plane, but the posterior neural foramina are more proximal 
(Fig. 12.39). The 18-gauge needle has a curve near the tip, but one still needs a 
gentler angle to allow cephalad advancement of the catheter. The starting point will 
be the lateral side of the S2 posterior neural foramen (Fig. 12.40). Rotate the c-arm 
in a cephalad direction until the S1 ventral and dorsal neural foramina align. A slight 
lateral rotation helps separate the ventral and dorsal neural foramina. The needle 
entry point is from the S2 aiming towards the medial side of S1. Apply topical anes-
thesia and advance the needle through the skin. Curve the needle down to touch 
bone between the S1 and S2 on the sacrum (Figs. 12.41, 12.42, and 12.43). The Rx 

Fig. 12.39 The posterior and anterior foramina of the first sacral segment are not aligned in the 
anterior –posterior fluoroscopic image. In order to visualize the posterior foramen, it is helpful to 
rotate the C-arm in a cranial-caudal direction to facilitate foraminal entry
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Fig. 12.40 The skin entry 
is inferior and lateral to the 
first sacral foramen at the 
level of the second sacral 
foramen

Fig. 12.41 The 
RX-Coude needle is 
advanced with the tip 
oriented in the anterior 
position to make bony 
contact between the first 
and second posterior sacral 
neural foramina
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Coude needle is rotated to orient the tip superiorly and the needle is advanced 
toward the first sacral foramen (Fig. 12.44a, b). Rotate the needle tip to navigate and 
become visible in the S1 fluoroscopic view (Fig. 12.45a, b).

Rotate the needle tip ventrally and elevate it while it is advancing to pop into the 
sacral canal (Fig. 12.46a, b) At this point, lateral fluoroscopic visualization will help 
advance the needle after rotation with the second stylet in place (Fig. 12.47). Rotate 
the c-arm into the anterior/posterior position with a cephalad tilt to avoid radiation 
exposure of the operator’s hand. Only the needle tip is visible. With the stylet in 
place, advance the VERSA-KATH® within the sacral canal under fluoroscopic 
visualization. The catheter needs to cross the disc space and advance within the scar 
approximately near the top of the L5 neural foramen, not medial nor lateral in the 
imaginary triangle between L5 and S1 (Fig. 12.48a–d). It is possible to navigate the 
VERSA-KATH® by rotation during advancement.

Fig. 12.42 The 
RX-Coude needle is 
advanced to make bony 
contact between the first 
and second posterior sacral 
neural foramina
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Fig. 12.43 The 
RX-Coude needle is 
advanced to make bony 
contact between the first 
and second posterior sacral 
neural foramina on 
anterior-posterior 
fluoroscopic imaging

a b

Fig. 12.44 (a) The Rx Coude needle is rotated to orient the tip superiorly and the needle is 
advanced toward the first sacral foramen. (b) The Rx Coude needle is rotated to orient the tip 
superiorly and the needle is advanced to the first sacral foramen
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a b

Fig. 12.45 (a) The RX-Coude needle is rotated to the medial tip orientation and advanced toward 
the medial foramen. (b) The RX-Coude needle is rotated to the medial tip orientation and advanced 
toward the medial foramen

a b

Fig. 12.46 (a) The Rx Coude needle is rotated to orient the tip anteriorly and the needle is 
advanced to the first sacral foramen. (b) The Rx Coude needle is rotated to orient the tip anteriorly 
to enter the posterior first sacral foramen
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 S1 Catheter Injections

 1. Connect the Stingray® Connector and inject 10  cc of OMNIPAQUE™ 240 
within the scarred area. Injection of contrast may require significant pressure for 
a complete spread due to its viscosity. It will open up the ventral epidural space, 
slowly crossing over, and spread from L4 down to S2 bilaterally.

 2. Inject a mixture of 10 cc of preservative free saline and 150 units of Hylenex®; 
this will disperse the contrast. Carefully observe for a potential spread into the 
subdural and subarachnoid spaces, especially in failed surgery cases where the 
possibility of a dural tear may exist.

 3. Slowly inject a mixture of 10 cc of 0.2% ropivacaine and 40 mg triamcinolone. 
Ask the patient to move their feet and to report any pain at any time other than 
during injection. Subdural injectate accumulation in the scarred area may pro-
duce bilateral pain and have atypical appearance. If subdural loculation occurs, 
it can be aspirated with an interlaminar needle placement.

 4. After local anesthetic injection, observe the patient for 20–30 minutes and make 
sure they are able to perform a 90 degree straight leg raise without any evidence 
of motor block.

 5. Infuse 10% NaCl over a 15-minute period. Then flush with local anesthetic or 
normal saline at completion.

 6. If the patient develops a motor block, he or she may need to be admitted into the 
hospital for observation.

Fig. 12.47 The 
RX-Coude needle with the 
blunt stylet is rotated to the 
superior tip orientation and 
advanced into the epidural 
space
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 7. A one-time injection into the scarring triangle is effective for a short period of 
time; however, three repeat injections, 6–8 hours apart, have been reported as 
more effective for many months to over a year.

 8. Instruct the patient to perform neural flossing exercises to the patient for the 
sciatic area. There are also separate instructions for the upper lumbar area.

a b

c d

Fig. 12.48 (a) The Rx Coude needle tip is rotated to the superior orientation for catheter place-
ment. (b) The Rx Coude needle tip is rotated to the superior orientation for catheter placement. (c) 
The Rx Coude needle tip is rotated to the superior orientation for catheter placement. The scarring 
triangle is indicated by the red triangle. (d) The Rx Coude needle tip is rotated to the superior 
orientation for catheter placement. The scarring triangle is indicated by the red triangle
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Apply the Stingray® Connector and inject 10 cc of OMNIPAQUE™ 240 within the 
scarred area. Contrast is viscous, sticky, and hard to inject. Injection of contrast 
requires significant pressure from the syringe. It will open up the ventral epidural 
space, gradually crossing over, and may spread from L4 all the way down to S2 
bilaterally. Next, inject a mix of 10 mL of preservative-free saline and 150 units of 
Hylenex®. It will disperse the contrast. Carefully observe potential spread into the 
subdural and subarachnoid spaces, especially in failed surgery cases where the pos-
sibility of a dural tear exists. Slowly inject a mix of 10 cc of 0.2% Ropivacaine and 
40 mg Triamcinolone. Ask the patient to move their feet bilaterally and report any 
continuous pain at times other than during injection. Subdural accumulation in the 
scarred area may produce bilateral pain and have atypical appearance. 3 If subdural 
loculation occurs, it can be aspirated with an interlaminar needle placement. So far, 
subdural spread has not been observed or reported except during a midline caudal 
catheter placement. Observe the patient for 20–30  minutes post local anesthetic 
injection and make sure they are able to do a 90-degree straight leg raise without any 
evidence of motor block. Infuse 10% NaCl over 15 minutes and flush with local 
anesthetic or saline at completion. Results appear significantly better when three 
repeat infusions are performed 6–8  hours apart. If the patient develops a motor 
block, they may need to be admitted into the hospital for observation. Indications 
include positive dural tug reproducing back pain and hip pain, L5-S1 radiculopathy, 
and foot drop. We have seen a bladder dysfunction recover following an unavoid-
able complication from a surgical laminectomy for spinal stenosis. Lower lumbosa-
cral nerve root scarring and stretch injuries appeared responsible for foot drop after 
unsuccessful surgical procedures. Patients with spinal stenosis, in addition to the 
radiculopathy, also need a mid-canal transforaminal second catheter at the maxi-
mum stenotic area. In addition, each injected volume of contrast, hyaluronidase, 
and local anesthetic steroid, followed by 10% hypertonic saline are reduced to 
5 mL. If pain is experienced during the hypertonic infusion, it may be necessary to 
top off 2–3  cc of 1% Lidocaine. A one-time injection to the scarring triangle is 
effective for a short period whereas three repeat injections have been reported to be 
more effective for many months to over a year. Finally, instruct and provide a hand-
out to perform neural flossing exercises to the patient for the sciatic area. There are 
also separate instructions for the femoral upper lumbar area.

 1. Start with the skin wheal needle technique to numb the entry point area of the 
introductory needle – RX™Coudé® Needle

 2. Diagnostic: 5–10  mL OMNIPAQUE™240*  – outline filling defect and place 
catheter to target site

 3. To show runoff and absence of loculation, contrast 4–5 mL OMNIPAQUE™ 
240* injected through the catheter

 4. Spreading Factor: Hylenex® 150–300  units (human recombinant) diluted in 
10  mL of preservative-free saline, or Hyaluronidase Bovine compounded 
1500 units diluted in 10 mL preservative-free saline

 5. Steroid Injection: 4  mg Dexamethasone or 40  mg Triamcinolone Local 
Anesthetic: 10 mL 0.2% Ropivacaine or 10 mL of 0.25% Bupivacaine
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 6. 2–3 mL OMNIPAQUE™240* through catheter
 7. Depending on the physician’s lysis technique, wait 20–30  min. Evaluate for 

motor block with a voluntary straight leg raise. If no motor block is present, with 
the patient’s painful side down, inject 8–10 mL of 5–10% hypertonic saline over 
20–30 minutes. If the patient experiences pain, inject 2–3 mL of local anesthetic.

Critical note: Make sure to use non-ionic water-soluble dye. Some physicians also 
use 5–10 mL of ISOVUE-M 200.

 Cervical Interlaminar Epidural Catheter Placement

Cervical Interlaminar Epidural RX-2™ Coudé® Needle and Catheter Placement is 
an advanced technique for cervical radicular pain. The use of the RX™ Coudé® 
Needle with its second stylet allows atraumatic needle movement with reduced 
chance of complications. Any movement of a sharp needle in the epidural space has 
a hazard of cutting the dura or high-pressure veins. High pressure veins develop due 
to epidural adhesions restricting the veins. Decompressing these high pressure veins 
with the lysis of adhesions procedure and hydro-dissection is an important effect of 
the procedure to prevent bleeding. Hematoma formation is rare but must be kept in 
mind with needle placements into the upper thoracic epidural space. Symptoms can 
be delayed several hours later, which include back pain, bladder dysfunction, numb-
ness, weakness, and paralysis. Immediate MRI followed by emergent surgical evac-
uation can prevent permanent cord injury. During the procedure, contrast injection 
though the catheter in the ventrolateral epidural space should flow out of the epi-
dural space trough a neural foramen. If it doesn’t contrast may flow to the opposite 
side of the epidural space and produce a mass effect and compress the cord. This 
phenomenon has been described as perivenous counter spread. It is treated with 
flexion rotation exercises to facilitate flow of injected fluid out of the epidural space 
by opening the neural foramen by these exercises. The cause of potential pressure 
build up in the absence of lateral runoff is perivenous counter spread (PVCS). Peri- 
Venous Counter Spread (PVCS) occurs in the presence of increased epidural pres-
sure and becomes an indicator of possible spinal cord compression. If not sedated, 
the patient will complain of bilateral pain secondary to cord ischemia. During 
PVCS, the injected fluid spreads outside of the ventral epidural veins (perivenous) 
to the opposite side from the injection. If there is no lateral neural foraminal run off, 
epidural pressure can increase lateral to the cord, on the opposite side (Fig. 12.49). 
This leads to cord compression and is reported by the patient as bilateral arm and 
chest pain. Repetitive chin to shoulders flexion rotation enlarges the neural foram-
ina, facilitates decompression, and allows lateral runoff. Recognition of PVCS is 
especially important if patient is given sedation and is unable to report pain from 
ischemia. Rotation of the head is safe when the catheter is in place as the needle 
entry site C7-T1, T1-T2, T2-T3 does not move during rotation. If not recognized 
and/or patient is sedated, the patient will have post-operative pain, weakness, 
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bladder problems and paralysis. MRI does not detect the problem. Remember that 
cervical spine does not have fixed foramina diameters. They can be opened by flex-
ion and rotation and pressure can be reduced by lateral runoff.

 Enlarging of Neural Foramina by Flexion Rotation and Chin 
to Shoulder Maneuver

During flexion the inferior pars slides forward over the superior pars, making the 
neural foramen larger (Fig. 12.50). During extension, the inferior pars slides back-
wards over the superior pars, making the neural foramen smaller. During injection, 
the patient should flex and rotate the head from left to right to facilitate lateral runoff 
through the neural foramina. The opening and closing of the neural foramen will 
help in the assurance of fluid run off, decreasing the probability of increased pres-
sure in the epidural space (PVCS). Flexion and lateral rotations of the spine will 
change the size of neural foramen, making lateral run off possible. This allows for 
reduced pressure created by fluid runoff, which will prevent loculation. The indica-
tion for pressure build up in the absence of lateral runoff is better known as a peri-
venous counter spread (PVCS). During flexion, the inferior pars slides anteriorly 
over the superior pars, making the neural foramen larger. During extension, the 
inferior pars slides posteriorly over the superior pars, making the neural foramen 
smaller [20]. During injection, the patient should flex and rotate the head from left 
to right. The opening and closing of the neural foramen will help in the assurance of 
fluid run off, decreasing the probability of increased pressure in the epidural space 

Fig. 12.49 Peri-venous 
counter spread can occur 
with cervical injections 
and requires prenvention 
and treatment with chin to 
shoulder maneuvers to 
open the cervical neural 
foramina and allow 
injected fluid to runoff 
through the foamen, thus 
decompresing the epidural 
space
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(PVCS). Flexion and lateral rotations of the spine will change the size of neural 
foramen, making lateral run off possible. The fluid runoff out the foramina results in 
reduced pressure for the loculation. The maneuvers should be continued until signs 
and symptoms resolve. Peri-Venous Counter Spread (PVCS) occurs in the presence 
of increased epidural pressure and becomes an indicator of possible spinal cord 
compression. If not sedated the patient will complain of pain secondary to ischemia. 
The fluid spreads outside the ventral epidural veins to the opposite side. If there is 
no lateral neural foraminal run off epidural pressure can also increase lateral to the 
cord. This leads to cord compression reported by the patient as bilateral arm and 
chest pain. Repetitive chin to shoulders flexion rotation enlarges the neural foram-
ina, facilitates decompression, and allows lateral runoff. Recognition of PVCS is 
especially important if patient is given sedation and is unable to report pain from 
ischemia. Rotation of the head is safe as the needle entry site C7-T1, T1-T2, T2-T3 
does not move during rotation. If not recognized and/or patient is sedated – patient 
will have post-operative pain, weakness, bladder problems – and paralysis. MRI 
will show nothing. Remember that cervical spine is not fixed, it is variable! The 
pressure can be reduced!

Fig. 12.50 Flexion widenes the neural foramen allowing pressure to be released by fluid flowing 
out of the foramen. Repeating the maneuver is important to prevent spinal cord compression
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 Cervical Interlaminar Epidural RX-2™ Coude® Needle 
and Catheter Placement

The posterior cervical anatomy is shown in Fig. 12.51. With the patient in the prone 
position with a pillow under the patient’s chest with no head rest and the arms at the 
side with the shoulders relaxed anteriorly, the C-arm is rotated into the cephalad 
direction compensating for the patient’s spinal kyphosis helping to optimize and 
enlarge the C7-T1 inter-laminar target site.

The C7-T1 interspace is used to avoid superior cervical levels where the liga-
mentum flavum is incomplete and also to avoid large venous plexuses at T1-T2 [21].

The Bromage grip should be used for needle advancement. The Bromage grip 
includes bracing the knuckles of the non-dominant hand against the patient’s back 
or neck. The needle is advanced with the fingers so if the patient moves toward the 
needle, the hand and the needle move as well so that the needle does not penetrate 
deeper. The direction- depth -direction (3-D) technique is used to avoid subdural 
needle placement. AP and lateral fluoroscopic images are used in an alternating 
fashion to advance the needle. Following local anesthetic injection, the RX-2™ 
Coude® needle is introduced with the tip facing anterior medially. Using a parame-
dian approach allows smooth passage of the RX™ Coude® Needle to the midpoint 
of the interlaminar space. The point of entry is slightly medial to the pedicle at the 
level below the chosen interspace. The skin entry point is 1.5 segments below the 
target interspace and 0.5″ lateral from the spinous process (Fig. 12.52a, b). Orient 
the needle tip medially while crossing the interspace. Curving the needle medially 
crossing the interspace, rotate the needle tip down interiorly and bony contact is 
made with the lamina aiming towards the midpoint, the needle tip is steered until the 

Fig. 12.51 Posterior 
cervical spine anatomy
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edge of the lamina is reached. When the tip of the needle crosses the proximal end 
of the T1 lamina, the C-arm is rotated to the lateral view (Fig. 12.53). (The base of 
the spinous processes form a straight line on fluoroscopic imaging) The ligamentum 
flavum is in direct extension between the straight lines. Rotate the needle anteriorly 
and advance to the ligamentum flavum (Fig. 12.54a, b). The needle is rotated so that 
the tip is now parallel with the ligamentum flavum. The lateral view is utilized on 
fluoroscopy. The needle is advanced to be in line with the “straight line”. The 
straight line is the enhanced bony outline of the bony cortex of the inside and the 
outsides of the bifurcating lamina. The needle is positioned so that the bevel is par-
allel with the ligamentum flavum. The ligamentum flavum should be penetrated in 
the midline. The stylet should be removed and a (LOR) syringe is attached to the 

a b

Fig. 12.52 (a) The skin entry point is 1.5 spinal segments inferior to the target interlaminar inter-
space. A paramedian approach is used with the RX-Coude needle tip in the medial orientation 
position. The seventh cervical – first thoracic interspace is used to avoid higher levels for needle 
puncture. (b) The skin entry point is 1.5 spinal segments inferior to the target interlaminar 
interspace

Fig. 12.53 The C-Arm is 
rotated to the lateral 
position
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hub of the needle. The needle is advanced with the “loss of resistance” or “loss of 
bounce” technique until a loss of resistance is felt which indicates entry into the 
epidural space. With this technique, the plane of the needle bevel tip is parallel to 
the plane of the dura, reducing the chance of penetration (Fig. 12.55a, b). The nee-
dle is advanced with the “loss of resistance” technique until a loss of resistance is 
felt which indicates entry into the epidural space. Small volumes of contrast injec-
tion can confirm epidural placement on lateral and AP view. The RX-2™ Coudé® 
Needle features an additional threaded interlocking blunt stylet that protrudes a 
short distance beyond the RX™ needle tip. The second stylet protrudes approx. 

a b

Fig. 12.54 (a) The RX-Coude needle is advanced using the lateral image. (b) The RX-Coude 
needle is advanced using the lateral image

a b

Fig. 12.55 (a) The loss of resistance technique is used to complement the lateral fluoroscopic 
image for identifying the epidural space. (b) The loss of resistance technique is used to comple-
ment the lateral fluoroscopic image for identifying the epidural space
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1 mm beyond the tip to convert the needle to a blunt probe. (This can also be used 
for tunneling a catheter for a stimulating catheter, for example) At this point, the 
second stylet is placed (Fig. 12.56a). The stylet should not be screwed in too tightly 
so it can be easily removed later for catheter placement. If the stylet is difficult to 
remove, the needle should be removed to avoid shearing the stylet. This allows the 
rotation of the curved needle toward the direction of the area where the catheter 
needs to be directed. The blunt tip safely pushes the dura away. The needle should 
only be rotated with the blunt protruding stylet in place. In this configuration, redi-
rection (or rotation) of the needle tip is possible. Any needle directional rotation 
may cut the dura and lead to CSF leak and spinal headache. The RX-2™ protruding 
stylet prevents this. After the RX2™ Coude® needle has been rotated in the direc-
tion of the target, remove the extended blunt stylet (Fig. 12.56b). It is important to 
make a half inch 15° bend in the catheter for optimum steering ability (Fig. 12.57). 
With the XL tip catheter, the stylet needs to be close to the tip for enhanced steering. 
If the bend is too short, the catheter tends to buckle. If the bend is too long, it is 
much harder to steer. Insert the catheter into the RX-2™ needle that will safely 
place the catheter parallel to the dura. Following the RX-2™ Coude® entry into the 
epidural space, the soft tipped catheter is placed for a short 1/4″–1/3″ distance 
beyond the tip of the needle to push the dura away. This allows the rotation of the 
needle towards the intended target. This reduces the chance for the rotation of the 
needle tip from cutting the dura. When the RX-2™ Coude® needle is rotated in the 
direction of the target, the catheter is placed parallel to the dura. The RX-2™ 

a b

Fig. 12.56 (a) The blunt stylet is placed to prevent dural laceration or puncture. (b) The RX-Coude 
needle is rotated to the superior tip orientation with the blunt stylet in place to prevent dural or 
vascular laceration
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Coudé® Needle should always point in the direction of the target. The incorrect 
needle orientation is shown in Fig. 12.58a, b. After rotation, the catheter or electrode 
becomes easier to direct and parallel to the plane of the dura (Fig. 12.59a, b). The 
C-Arm is rotated to the anterior –posterior position (Fig. 12.60). The catheter tip is 
placed towards the C6 ventral-lateral epidural space (Fig. 12.61a, b). Any move-
ment of a sharp needle in the epidural space has a hazard of cutting the dura or 
high- pressure veins. Hematoma formation is rare but must be kept in mind with 
needle placements into the upper thoracic epidural space. Symptoms can come 
some hours later that include back pain, bladder dysfunction, numbness, weakness, 
and paralysis. Early MRI followed by surgical evacuation can prevent permanent 

Fig. 12.57 A 10–15 
degree bend is made one 
half inch from the catheter 
tip to facilitate steering

a b

Fig. 12.58 (a) Incorrect needle position for catheter placement. The needle is in the anterior ori-
entation position and so the catheter projects toward the dura. (b) Incorrect needle position for 
catheter placement. The needle is in the anterior orientation position and so the catheter projects 
toward the dura
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a b

Fig. 12.59 (a) Correct needle orientation to allow catheter passage without dural compression. 
(b) Correct needle orientation to allow catheter passage without dural compression

Fig. 12.60 The C-arm is 
rotated to the  
anterior –posterior position
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cord injury. The second stylet of the RX-2™ Coude® Needle makes needle move-
ment atraumatic with reduced chance of above-mentioned complications. Bacterial 
filters are recommended in all instances when more than one-time injection is used 
or the catheter is left in place for prolonged period. Anytime there is a disconnection 
of the catheter and the connector the system should be removed from the patient. 
This is an essential precaution to prevent infection. Strongly recommend is the 
Advanced Catheter Fastening Technique as described next.

Advanced Catheter Fastening Technique
 1. Make a full twist in the catheter to form a loop.
 2. Place loop over the neck of the connector.
 3. Pull catheter until securely around the connector body.
 4. Use tape to secure the device.
 5. Attach a bacterial 0.2-micron filter to maintain sterility.

Epimed’s Stingray™ Connector design allows for a fastening technique that changes 
pulling force direction to prevent disconnects. The Stingray™ when compared to 
four other connectors for grip and strength was found to be the best; however, for 
repeat injections or prolonged use the following additional measures further enhance 
safety. Physicians have been known to use this technique during a three-day lysis 
series or post procedure injection of hypertonic saline in the recovery room for the 
one-day procedure. It is useful when prolonged or postoperative infusion is utilized. 
The force required to separate the catheter from the connector is more than double 
that of other connectors. Bacterial filters are recommended in all instances when 
more than one injection is used or the catheter is left in place for prolonged period. 
Anytime there is a disconnection of the catheter and the connector the system should 
be removed from the patient. This is an essential precaution to prevent infection.

a b

Fig. 12.61 (a) The catheter is placed to the target location. (b) Cutaway diagram – The catheter 
is placed to the target location
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 Catheter Tape Down Technique

 – Place suture and tie loose loop.
 – Wrap around catheter two times and tie surgical knot.
 – Apply antibiotic ointment around skin entry and place two-split 2 × 2” gauze to 

keep antibiotic in place.
 – Apply adhesive i.e. tincture of benzoin around gauze.
 – Place one loop on catheter and transparent dressing i.e. opsite
 – Connect bacterial filter and four pieces of sweat resistant hypofix tape.

The 10 Step Approach to Safer Cervical Catheter Placement Using RX-2™ 
Coude Needle.
 1. Point of entry is one and a half segment below the target 1/2 inch from mid line
 2. Cross interspace- curving medially
 3. Curve down to lamina to touch bone (lamina)
 4. Curve medially and advance needle to edge of lamina in the mid line
 5. Rotate C-arm to lateral view and look for the straight line
 6. Advance needle to just below straight line and remove stylet
 7. Use loss of resistance or loss of bounce technique to enter the epidural space
 8. Reduce dura perforation from tip movement by either:
 A. advancing the catheter short distance beyond tip of needle to push dura free 

from tip of needle
 B. placing protruding RX-2™ stylet and make sure interlocking cap is rotated 

clockwise, pushing the dura from the tip of the needle
 9. Rotate needle towards desired target side
 10. Put 1/2 inch 15-degree bend at the Racz® bend mark on the distal tip of the 

catheter and thread the catheter to the lateral cervical epidural space at the target 
nerve root

Equipment Options
 1. 18 Gauge RX-2™ Coude® needle and 21 Gauge Versa-Kath® with Stingray™ 

Connector and bacterial filter if multiple injections are anticipated.
 (a) Observe safety recommendations about taping, filter, and volumes of 

injections.
 2. 15 or 16 Gauge RX-2™ Coude® needle and Brevi-XL™ with a similar 15 

degree bend for one time use or Tun-L-XL™ 24 catheter if re-injections are 
anticipated.

 1. Both catheters connect to the specific gauged Stingray™ Connector with or 
without the bacterial filter.

 Cervical Injections

 1. Diagnostic: 1–2  mL OMNIPAQUE™240*  – outline filling defect and place 
catheter to target site

 2. To show runoff and absence of loculation, contrast 0.5–1 mL OMNIPAQUE™ 
240* injected through the catheter
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 3. 1–2  mL OMNIPAQUE™240* through catheter for verification of enzyme 
effectiveness

 4. Spreading Factor: Hylenex® 150–300  units (human recombinant) diluted in 
5 mL of preservative-free saline

 5. Steroid Injection: 4 mg dexamethasone or 40 mg triamcinolone
 6. Local Anesthetic: 6 mL 0.2% ropivacaine or 10 mL of 0.25% bupivacaine
 7. Depending on the physician’s lysis technique, wait 20–30  min. Evaluate for 

motor block. If no motor block is present, with the patient’s painful side down, 
inject 5 mL of 10% hypertonic saline over 5–10 minutes. If the patient experi-
ences pain, inject 2–3 mL of local anesthetic.

The 10 Step Approach for Safer Cervical Catheter Placement Using RX-2™ 
Coude® Needle.
 1. Point of entry is one and a half segment below the target 1/2 inch from mid line
 2. Cross interspace- curving medially
 3. Curve down to lamina to touch bone (lamina)
 4. Curve medially and advance needle to edge of lamina in the mid line
 5. Rotate C-arm to lateral view and look for the straight line
 6. Advance needle to just below straight line and remove stylet
 7. Use loss of resistance or loss of bounce technique to enter the epidural space
 8. Reduce dura perforation from tip movement by either:
 A. advancing the catheter short distance beyond tip of needle to push dura free 

from tip of needle
 B. placing protruding RX-2™ stylet and make sure interlocking cap is rotated 

clockwise, pushing the dura from the tip of the needle
 9. Rotate needle towards desired target side
 10. Put 1/2–3/4 inch 15-degree bend in catheter and thread the catheter to the lateral 

cervical epidural space at the target nerve root

Equipment Options
 1. 18 Gauge RX-2™ Coude® needle and 21 Gauge Versa-Kath® with Stingray™ 

Connector and bacterial filter if multiple injections are anticipated.
 (a) Observe safety recommendations about taping, filter, and volumes of 

injections.
 2. 15 or 16 Gauge RX-2™ Coude® needle and Brevi-XL™ with a similar 15 

degree bend for one time use or Tun-L-XL™ 24 catheter if re-injections are 
anticipated.

 3. Both catheters connect to the specific gauged Stingray™ Connector with or 
without the bacterial filter.

Epidural Lysis of Adhesions procedures are techniques for which there are CPT 
codes and virtually uniform reimbursement. Lysis is a technique that saves money, 
reduces the incidence of surgery, and even in the presence of failed back and neck 
surgery is much more beneficial and effective than repeated surgeries. It improves 
the effectiveness of spinal cord stimulation where the intensity of the pain may be 
too much for the spinal cord stimulator to reduce. We now see evidence of nerve 
function recovery following the use of the Lysis of Adhesions technique [22].
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 Neural Flossing Exercises

Before beginning the neural flossing exercises, the patient is given an instructional 
guide, available for both cervical and sciatic nerves. Femoral nerve stretch exercises 
are important for upper lumbar pathology. Experience supports sustained stretch-
ing, such as straight leg raises over a 20–30 second time span. This changes the 
stretching of the nerve to sliding of the nerve; thus regaining the mobility of the 
previously scarred nerve root. Clinical experiences show that physical therapy by 
itself does not free up a scarred nerve root very readily. Veihelman compared neuro-
plasty to physical therapy and reported that neuroplasty was more effective [23]. In 
failed neck surgery patients, patients respond to lysis of adhesions as manifested by 
reducing radiating pain. Continuation of cervical neural flossing exercises can result 
in complete resolution of pain and spasm up to 2 years after the lysis procedure (two 
to three times per day with 30 second sustained hold). Patient involvement is essen-
tial. The cervical exercises are shown as component moves in Figs. 12.62, 12.63 and 
12.64. The combined exercises are shown in Fig. 12.65.

A recent observation after the lysis procedure is that patients may develop pain 
in the absence of positive straight leg raising. In these cases, the epidurogram shows 
scarring of the DRG (dorsal root ganglion) area. The nerve root has stretched and 
the ganglion and lateral recess area developed scarring. Movement related pain is 
not present. Repeat lysis, especially with hylenex, is effective and needs to be 
repeated. An important concept is the approach to treatment of scarred nerve roots. 
The problem begins with degenerative disc disease when the nucleus pulposus 
material leaks into the epidural space. This produces an inflammatory response 
leading to radiculitis secondary to inflammation and scar tissue, scarring of the 

Fig. 12.62 Component 
move of cervical neural 
flossing 1
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Fig. 12.63 Component 
move of cervical neural 
flossing 2

Fig. 12.64 Component 
move of cervical neural 
flossing 3

nerve root and movement related pain. The work of Indahl, et al., shows that disco-
genic impulses can lead to back spasms [24].

Alteration of the disc height and facet joint alignment is changed at the same 
time. Pain generation arises from the disc, nerve root, facets, and the muscles in the 
back and iliopsoas muscles. Patients suffering from upper lumbar back pain may 
develop significant back spasm and groin pain. To stretch out the back spasm, the 
patient may do this in a reclining position where curl up both knees and pull up to 
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the chest and holding the head in a straight position (Fig. 12.66). This can stretch 
the muscles that are in spasm. This stretching motion can be repeated multiple 
times during the day, but the crucial aspect it should be held for 22–30s duration. 
After a period of rest, it can be repeated several times. Additional exercises are also 
performed (Figs. 12.67 and 12.68). When there is femoral nerve involvement and 
back spasm as secondary feature, often there is a thigh pain. If the patient is unable 
to do the exercise in a standing position, the exercise can be performed on a com-
fortable mattress in the lateral position with the asymptomatic side in the depen-
dent position. The ankle of the symptomatic leg is pulled to stretch the quadriceps 
femoris muscle as much as possible for 30 seconds. The neck and back should be 
extended to stretch the second and third lumbar nerve roots. This movement also 
loosens the large intra-abdominal psoas muscle that is involved in patients suffer-
ing from back pain from the upper lumbar nerve roots. These exercises should be 
performed 2–3 times a day and repetitions have been found to be helpful. Femoral 
Stretch exercises may be done standing. This exercise is primarily for patients 

Fig. 12.65 Combined 
moves for chin to shoulder 
neural flossing maneuver

Fig. 12.66 Reclining 
lumbar neural flossing 
maneuver 1
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suffering from upper lumbar back pain and radiating pain involving the lower 
extremity but specifically the anterior thigh area. The femoral nerve primarily 
comes from the second and third lumbar nerve roots and join together to form the 
femoral nerve. The femoral nerve exists through the front of the upper thigh from 
the abdomen and innervates the main muscles of the upper thigh and supplies sen-
sory innervation down to the inside of the lower leg to the level of the inside or 
medial ankle. The patient suffering from back pain also develops severe muscle 
spasms in the iliopsoas muscle.

Fig. 12.67 Reclining lumbar neural flossing maneuver 2

Fig. 12.68 Reclining 
lumbar neural flossing 
maneuver 3
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Patients that have hip replacement are at risk for subluxation of the hip joint. 
These patients may gently perform femoral stretch exercises in a standing posi-
tion, leaning against a wall and extending at the hip to move the leg slowly back 
in a straight stretching position (Fig. 12.69). This will stretch the iliopsoas mus-
cle as well as the femoral nerve roots and to mobilize the femoral nerve. Once the 
leg is moved back to maximally obtainable position, the stretch can be exagger-
ated by leaning and pushing backwards from the wall and maintaining this posi-
tion for 22–30s duration, helps to reverse significant spasm. An alternate exercise 
for patients that have no hip joint issues is to stabilize against the wall hold the 
lower part of the foot. The leg may be forcibly pulled back while leaning back-
wards again achieving significant stretching of the muscle and spasm and help to 
mobilize the femoral nerve (Fig. 12.70). Again the stretching position should be 
maintained 20–30s and can be repeated many times whenever the pain is 
significant.

Fig. 12.69 Standing 
lumbar maneuver 1
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 Dural Flossing Exercises

Normally, the dura matter and posterior longitudinal ligament slide and glide over 
each other. The dura mater moves 10–15 mm left to right and superiorly and inferi-
orly. It may move irregularly if there is scarring that attaches it to the posterior 
longitudinal ligament or other structures. Dural flossing exercises are performed by 
the patient flexing the hips and extending the knee. Then the entire spine is flexed in 
order to creating shearing forces between the dura and posterior longitudinal liga-
ment. These exercises maintain the separation between the dura and posterior lon-
gitudinal ligament that is created by the lysis of epidural adhesions procedure. 
These exercises should be performed 10 times per day after the lysis procedure to 
disrupt recurrent scar formation. Continuing exercises long term may help prevent 
recurrent scar formation and pain.

 Medicolegal Concerns

Complications occur despite the best of training, technique and patient selection. 
The information we have gained regarding complications and disasters does not 
come from prospective randomized studies, but has come from the busy practitio-
ner’s daily work and experience in the medical/legal arena. Unfortunately, many of 
these complications have not been published because they have failed to become 
public information and either the patient or the physician did not give consent for 

Fig. 12.70 Femoral 
stretch
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the information to become public. We need more evidence. We need more studies. 
However, one noteworthy aspect of published studies is the lack of reported compli-
cations. The studies do not teach us what we must avoid in order to spare our patients 
and ourselves the stresses and hazards of undesired outcomes and complications. 
However, this information must be shared. Denial of complications or pretending 
that complications can be avoided by following one’s imaginary procedural guide-
lines amounts to misleading posture and wishful thinking. I am not aware of any 
physician who gets up first thing in the morning with the idea that “I am going to 
hurt somebody today.” It is in the training, in the fiber, in the blood of the physician; 
the concept that has been around for centuries of “Primum non nocere” in other 
words “First, do no harm.” The development of the techniques for these procedures 
has been evolving because there have been disasters, deaths and paralyzed patients. 
This is not due to the physician being careless, negligent, or failed to follow instruc-
tions. Having reviewed over 300 medical malpractice cases, one cannot miss when 
a similar scenario presents itself repeatedly. This pattern may mean that there is 
information not generally known for avoiding the development of this pattern that 
leads to the complication.

The ten-step approach for cervical needle and catheter placement described in 
this chapter will lead to significant reduction in the problems encountered where the 
patient may end up quadriplegic, paraplegic or suffer from hemiplegia or Brown- 
Sequard syndrome. The techniques described represent years of experience. 
Optimizing the speed in which procedures are carried out will dramatically reduce 
the complications that we are forced to defend in the medical/legal arena. The num-
ber of legal cases is increasing at a steady constant rate. Cases are related to locula-
tion from an interlaminar single needle injection. Syrinx formation has occurred 
several weeks following a single shot epidural steroid injection, possibly due to 
loculation of injected fluid. The concept of treating peri-venous counter spread 
(PVCS) could possibly lead to prevention of permanent cord injury. The diameters 
of the cervical spinal canal and foramina are not static. Flexion and rotation of the 
cervical spine leads to enlargement of neural foramina and facilitates runoff from 
the cervical epidural space. This runoff may very well be lifesaving in that the pres-
sure is reduced, blood supply is reestablished to the spinal cord, and a major disaster 
for the patient and a major lawsuit for the doctor may be averted. A number of cases 
of interlaminar, small gage Touhy needle injections have been associated with com-
plications. The tip of the Touhy needle simultaneously ends up in the epidural and 
subdural space and local anesthetic injection leads to delayed cardiovascular col-
lapse. Touhy needles in the cervical area can go through a gap in the ligamentum 
flavum and end up in the spinal cord. Scanlon et al., have recommended that the way 
to reduce cervical vascular injury and complications is to use blunt needles [25]. 
Similarly, using a spring tip catheter is less likely to penetrate or traumatize vascular 
or neural structures. The pattern of symptoms that should be recognized is bilateral 
arm pain, chest pain and even leg pain. Pain, numbness then weakness are the 
sequence of symptoms in PVCS [26]. Emergent communication with colleagues 
has been an effective way to help manage complications in this situation [27].
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 Informed Consent

Informed consent is very important as these procedures have significant risk and are 
often of limited efficacy. In Texas, state law requires specific language in written 
consent forms for neuroaxial procedures, peripheral and visceral nerve blocks and/
or ablation, and implantation of pain control devices:

Neuroaxial procedures (injections into or around spine)
Failure to reduce pain or worsening of pain
Nerve damage including paralysis (inability to move)
Epidural hematoma (bleeding in or around spinal canal)
Infection
Seizure
Persistent leak of spinal fluid, which may require surgery
Breathing and/or heart problems including cardiac arrest (heart stops beating

Peripheral and visceral nerve blocks and/or ablation
Failure to reduce pain or worsen pain
Bleeding
Nerve damage including paralysis (inability to move)
Infection
Damage to nearby organ or structure seizure

Implantation of pain control devices
Failure to reduce pain or worsening of pain
Nerve damage including paralysis (inability to move)
Epidural hematoma (bleeding in or around spinal cord)
Infection
Persistent leak of spinal fluid which may require surgery

 Complications

Adverse drug reactions include:
Allergic reactions or adverse drug reaction from antibiotics, iodine, contrast, disin-

fectants, local anesthetics, hyaluronidase, corticosteroid.
Headache
Cushingoid syndrome
Macular hemorrhage
Sensorimotor deficit
Bowel bladder and sexual dysfunction
Infection
Pain at site
Local anesthetic toxicity.

Procedure related problems include:
Pain at injection site
Inflammation
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Pain from hypertonic saline
Barotrauma
Ischemia of spinal cord ot nerves
Retinal hemorrhage
Sterile technique
Catheter shearing
Misplaced catheter or needle
Wrong tissue plane or structure

The management of local anesthetic toxicity includes:

• discontinue all local anesthetic administration
• provide basic and advanced life support
• control airway with endotracheal intubation if indicated
• administer 100% oxygen, and ensure adequate pulmonary ventilation
• Intravenous access should be maintained
• Seizures should be treated with benzodiazepines

Intravenous lipid emulsion 20% is used to treat local anesthetic toxicity.
Initial intravenous bolus injection of 20% lipid emulsion 1.5 mL/kg over 1 min-

ute and start an intravenous infusion of 20% lipid emulsion at 0.25 mL/kg/minute.
Hyaluronidase has been estimated to have an incidence of adverse reaction of 3% 

[28]. However, in practice, the incidence of adverse reactions to hyaluronidase is 
rare. Adrenal suppression, elevations of blood glucose, immunosuppression, osteo-
porosis, weight gain, fluid retention, cataract formation, mood changes and 
Cushing’s syndrome are significant concern with corticosteroid use. Also steroids 
have multiple other effects that can be significant. However, most steroid related 
complications from single shot epidural steroid are associated with inadvertent 
intrathecal steroid injection [29].

Arachnoiditis and aseptic meningitis have been reported. However, this may be 
less common with the use of fluoroscopy, contrast injection to conform placement 
and test doses of local anesthetic. Complications are more likely in patients with 
arachnoiditis or severe scarring in the epidural space.

Barotrauma and spinal cord ischemia can occur from loculation of injectate in an 
epidural compartment. Rocco described the anatomy and flow of fluid in the com-
partments of the epidural space [30]. Injected fluid may accumulate in the compart-
ment where it is injected but may move to another compartment when the pressure 
gradient reaches a point to produce flow. Hypertonic saline may flow from a com-
partment that is anesthetized into a compartment that is not. In this case, hypertonic 
injection needs to be stopped and additional local anesthetic given. Also, hypertonic 
saline draws water into the space where it is and increase the volume of fluid in the 
space. This can have an additional mass effect on the arteries and veins of the spinal 
cord and cause ischemia.

Pulmonary edema and cerebra infarction have been reported with the procedure. 
Following intrathecal hypertonic saline, paresis may occur and persist for hours. 
Transient hemiplegia, paresthesia lasting for weeks, permanent loss of sphincter 
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control and sacral anesthesia have been reported [31]. Vision impairment from reti-
nal hemorrhage has been reported [29].

Misplaced needles and catheters can be a source of complications. Subdural 
injection of particulate steroid can result in vasospasm and cord ischemia. Using a 
loss of resistance technique and slow advancement of the needle can reduce the risk 
of puncturing the dura. Using an RK-2 needle with a blunt stylet can reduce the risk 
of dural puncture during needle rotation. Also using a spring tip catheter reduces the 
risk of catheter puncture of the dura. Aspiration tests and contrast injection helps to 
confirm epidural placement. A test dose of local anesthetic is used to ensure that a 
subdural block is not observed before therapeutic drugs are administered. Subdural 
contrast has a characteristic appearance as contrast flows circumferentially around 
the thecal sac. Contrast is most apparent on the tangential view and has been 
described as a railroad track appearance. The contrast will typically spread multiple 
segments and certainly more than would be anticipated with the same volume of 
contrast in the epidural space. Intrathecal contrast collects in the thecal sac and 
appears in the middle of the canal on the lateral fluoroscopic image as well as on the 
anterior-posterior view. The procedure should be aborted if the radiographic con-
trast does not appear to be clearly epidural. Patient can return several weeks later for 
an attempt with a different approach. Subdural aspiration with a separate needle can 
be effective at removing subdural injected hypertonic saline. Aspiration of a cathe-
ter is not very effective. The volume of the injected hypertonic saline can increase 
11 fold and produce bowel and bladder denervation.

 Trainees

Fellows are more likely to have problems within the first 4–6 months. The risk of 
catheter shearing or other complications necessitate close supervision for the first 
half of the fellowship year. Fellows should have graded independence as the fellow-
ship progresses but each fellow progresses at their own pace. The requirements for 
the number of procedures in fellowship is below what is required for privileges at 
some hospitals so the goal should not be to meet the minimum number required. For 
the lysis procedure, 10 procedures should be performed as a trainee or under proctor 
by an experienced interventionist.

 Prevention of Complications

Patient selection is one of the most important factors in avoiding complications. 
Having a proper indication for the procedure is critical. Procedure selection is 
important as well. Oftentimes, different procedures are reasonable options for 
patients with back and leg pain. For example, facet injections, medial branch blocks 
or radiofrequency denervation of the facet joints may be considered as a first step 
procedure. However, it is important to consider the procedure with the most likely 
chance of benefiting the patient as a first step procedure rather than performing 
multiple procedures on the same patient with the same complaint.
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History of physical examination are important to identify risk factors, indications 
and contraindications for the procedure. Imaging should be performed to rule out 
conditions such as diskitis, osteomyelitis, neoplasm and other serious conditions. 
Multiple sclerosis and demyelinating diseases are relative contraindications. The 
presence of a syrinx is a relative contraindication. A syrinx may increase in size if 
epidural pressure if reduced. An increase in epidural pressure may reduce blood 
flow to tenuous areas of the cord. Nowadays many patients are taking prescription 
anticoagulants and many more take over the counter drugs or supplements that need 
to be stopped prior to a lysis of epidural adhesions procedure. Patients with mechan-
ical heart valves must remain anticoagulated and are not candidates to the lysis 
procedure. Patients with recent coronary stints or deep venous thrombosis are high 
risk for holding anticoagulation and pain procedures are relatively contraindicated. 
Oftentimes the anticoagulant prescribing physician will tell patients to hold antico-
agulation for a duration of time that is less than the guidelines recommend. The risk 
of bleeding is higher with a lysis procedure compared to a single shot injection and 
the balance between the risk of continuing or holding anticoagulation must be con-
sidered for all those caring for the patient. It is best to not perform the procedure if 
a disagreement about anticoagulation persists between the interventional pain phy-
sician and the anticoagulant prescribing physician.

Motivation to perform neural flossing exercises is an important factor. Patients 
should be given education about the exercises and asked to perform them to make 
sure the patient is doing the exercises correctly. A lack of motivation could contrib-
ute to a treatment failure. Obesity is a risk factor of increasing incidence. 
Fluoroscopic imaging quality goes down as obesity goes up. Also, obese patients 
may have a higher infection risk. Opioid use is another risk factor for poor out-
comes. High doses and a history of multiple prescribers is associated with a higher 
risk of overdose and substance use disorder. Some patients will seek procedures in 
order to secure a new prescribing doctor. Psychological stability is associated with 
better surgical outcomes and this may be true for interventional pain procedures as 
well even though they are minimally invasive.

Smoking cessation should be encouraged in all patients as smoking is associated 
with back pain and degenerative disk disease. Diabetes is a risk factor due to the 
glycemic effect of corticosteroids. If patients have a history of hospitalization for 
diabetes, they may be poor candidates for the lysis procedure. However, it is possi-
ble to omit the corticosteroid from the procedure if necessary. Litigation or disabil-
ity dispute can be a risk factor for poor outcomes. Any secondary gain issue can 
reduce patient’s response to treatment.

Informed consent should be obtained before the patient is distracted by the prep-
aration for the procedure. It should not be a rubber stamp process. Complications 
occur despite following proper procedure and patients need to understand this prior 
to the procedure. Infection is prevented by a surgical sterile prep. Sterile field prepa-
ration with chlorhexidine followed by alcohol is one recommended antiseptic. 
Caudal lysis procedures are the most concerning due to the proximity to the anus. A 
sterile field must be maintained during the procedure. A trigger point injection or 
peripheral nerve block may be performed with a simple prep but not a spine 
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procedure. Using prophylactic antibiotics consistent with the institutional policy for 
neurosurgical procedures is a good practice. Strict sterile technique is used and no 
on site sterilization of contaminated needles or catheters is allowed if they are 
dropped on the floor for example. A new needle or catheter should be used. Topical 
antibiotics are used at the puncture site. The catheter is tunneled in the caudal area 
and this provides more safety from spinal infection. If a catheter site develops red-
ness or drainage or other signs of inflammation, it can be removed prematurely to 
prevent infection. Topical antibiotics are used at the catheter site. Oral antibiotics 
are used post procedure. The puncture site should be monitored for any redness, 
swelling, drainage or tenderness.

Epidural hematoma is a surgical emergency and an emergent MRI and spine 
surgeon consultation should be obtained within minutes, not hours. Patients with 
severe pain following a spine procedure with or without neurological deficits should 
be imaged emergently to rule out a hematoma. Patients with arteriovenous malfor-
mations (AVM) are at increased risk for hematoma formation. The pre procedure 
MRI findings may be subtle and noticed only after further review following a hema-
toma occurrence. Tortuosity of veins in the spinal canal may signify an AVM.

Arachnoiditis is a possible complication from epidural steroid injections. Taking 
measures to avoid subdural and intrathecal injections can reduce the possibility of 
arachnoiditis. However, patients who have had surgery with postoperative infection 
or hematoma may develop arachnoiditis that has a subtle appearance on imaging 
studies. This condition may worsen over time and seem to be related to an injection 
when in fact it is not.

Only myelogram grade contrast should be used for the procedure and limit dose 
to 300 mg/ml or 3060 mg iodine per single procedure of isohexol. For example, 
17 ml is the upper limit for lumbar myelography. Iopamidol (Isovue-M 200) is lim-
ited to 15 ml for lumbar myelography. Renal toxicity is a limitation and patients 
with pre-existing renal disease should be given much smaller doses. CSF lavage has 
been recommended for intrathecal injection of contrast that is not myelogram grade 
contrast [32].

Many patients report a history of allergy to contrast. It is important to explore the 
allergy symptoms with the patient. Sometimes the symptoms experienced by the 
patient’s where not allergy symptoms. Pretreatment with an H2 blocker, antihista-
mine and steroid is sometimes done to prevent allergy to contrast but it may be best 
to avoid the procedure if true allergy exists. Steroids may contain preservatives that 
are toxic. Alcohol free preparations are safe and are often diluted with normal saline 
to reduce the concentration of any additives. Particulate steroids are thought to be 
longer lasting but have been implicated in complications from transforaminal epi-
dural injections. The theory is that particles block small arterioles if inadvertently 
injected into as segmental artery or vertebral artery.

Local anesthetics are toxic if injected intravascularly. Intralipid should be avail-
able in case of intravenous local anesthetic toxicity. Local anesthetic has the poten-
tial to produce a total spinal block associated with respiratory failure and shock. To 
prevent this, needles and catheters should be aspirated prior to injecting any drug. If 
blood or cerebrospinal fluid is aspirated, the needle or catheter needs to be 
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repositioned or removed. Local anesthetic can also produce a sympathetic block 
causing hypotension and shock.

Resuscitation personnel and equipment are required to be on hand when local 
anesthetic is administered in the spine. Respiratory failure from a block of the cervi-
cal levels and phrenic nerves is possible and personnel and equipment for airway 
management and ventilation is also required. Most of these procedures are per-
formed in a licensed outpatient facility or hospital for these reasons. However, an 
anesthesiologist with the appropriate equipment and staff can safely perform these 
procedures in an advance clinic setting. Monitoring EKG for preexisting arrhyth-
mias such as atrial fibrillation is important in case a patient develops a rapid ven-
tricular response during the procedure. Patients should be monitored before any 
sedation is administered. EKG, pulse oximetry blood pressure and continuous 
observation by a trained nurse are basic monitoring needs. Intravenous access is 
needed for sedation and in case a vasovagal reaction occurs. Sedation may include 
small doses of midazolam and fentanyl. Vasovagal reactions are most common in 
young and middle aged males. Heart rate variability is a common antecedent. 
Glycopyrrolate 0.1 mg may be given to prevent a severe episode and repeated twice 
as needed. Severe vasovagal reactions are treated with atropine 0.5  mg intrave-
nously. Patients having procedures in the afternoon may have been NPO for 24 hours 
and need IV fluid to help prevent severe vasovagal reactions. Patients should be 
monitored following procedures for vital signs, neurological symptoms and a physi-
cian should be available to evaluate unexpected numbness, weakness or other prob-
lems. General anesthesia is used for many interventional procedures but this practice 
is now discouraged by new guidelines [33].

General anesthesia is not indicated for lysis of adhesions but intravenous seda-
tion is required.

Positioning is important to maximize the quality of the fluoroscopy, ease and 
safety of the procedure. The position for the caudal approach is with the patient 
prone with the hips on a pillow and legs internally rotated. Standard anterior- 
posterior and lateral images are usually adequate to perform the procedure. Sacral 
foraminal catheterization requires similar patient positioning but the fluoroscopy 
angle is slightly oblique to the ipsilateral side with some cranial tilt to visualize the 
posterior foramen. The anterior foramen may be seen as well and may confuse the 
imaging process. The lumbar transforaminal approach is performed with the patient 
in the prone position with a pillow under the lower abdomen. A slight oblique fluo-
roscopic image to the ipsilateral side is used for the approach. The cervical approach 
is with the patient in the prone position with a pillow under the chest and the neck 
flexed. These positioning steps facilitate the procedure and enhance the safety by 
improving image quality.

Patients, doctors, nurses and x-ray technicians should be shielded from radiation 
to the extent possible. The time of fluoroscopy for each procedure should be limited. 
The distance from the x-ray generator to the patient should be maximized. An x-ray 
table should be used for the procedure to maximize image quality. An x-ray techni-
cian should be available to operate the C-arm if necessary. Collimation is important 
to improve image quality. The physician should practice good radiation safety by 
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minimizing the time of exposure, increasing the distance between themselves and 
the radiation and finally by sophisticated shielding. One of the important views with 
fluoroscopy is the lateral view because it shows depth. This is especially true in the 
cervical levels. Oblique views have been used to improve image quality but image 
quality can be improved by positioning, collimation and boosting Kv. If patients are 
too large to be safely imaged, then they are too large for the procedure.

All drugs should be labeled in their syringes. Second and third injections in the 
series may be delegated to a trained nurse as long as the physician is in the building 
and immediately available. A test dose of local anesthetic is given prior to a thera-
peutic dose. If after a test dose of 3 ml of local anesthetic, no spinal block occurs 
after several minutes, an intrathecal injection is unlikely to have occurred. However, 
needles and catheters can move and puncture the dura and the dura mater can tear 
during the procedure. Constant monitoring and vigilance are necessary to recognize 
any signs of an intrathecal or subdural local anesthetic block that will require resus-
citation. Incremental injections of local anesthetic rather than large single bolus 
injections are advised when using local anesthetic. Hyaluronidase allergy can occur 
and should be treated with diphenhydramine 12.5–25 mg intravenously and repeated 
as needed. Cortiocosteroid may also be given intravenously. Epinephrine 1 micro-
gram (triple diluted 1 mg ampule in 10 ml syringe, 1 ml) may be used intravenously 
for severe reactions and this may be repeated while monitoring heart rate to avoid 
tachyarrhythmias.

Hypertonic saline is painful if injected into anaesthetized areas. Injection should 
be interrupted if pain develops. Additional local anesthetic should be administered 
prior to resuming the dose of hypertonic saline. Hypertonic saline 10% is tolerated 
in the epidural space but it is critical to administer local anesthetic at least 20 min-
utes before injecting hypertonic saline. A subdural block must be ruled out before 
hypertonic saline is used to prevent potentially serious neurological damage. Also, 
hypertonic saline injection is associated with severe pain that must be blocked by 
prior local anesthetic. Catheter placement and epidural contrast spread are not suf-
ficient to ensure exclusive epidural placement of injectate.

Hypertonic saline is avoided in patients with multiple sclerosis or demyelinating 
diseases. Hypertonic saline injection should be aborted if patients experience severe 
pain, muscle cramps, hypertension, or arrhythmias. Intraneural injection can occur 
especially at the cervical and thoracic levels where the spinal cord is present. The 
spinal cord moves anteriorly in the prone position, creating some degree of safety 
but the cord does not move anteriorly as much as the lumbosacral nerve roots.

Preventing spinal cord puncture is prevented by using a straight lateral fluoro-
scopic image to help control needle depth. Using a modified Bromage grip helps to 
fix the needle, patient and physician’s hand into one unit that moves together in the 
event that the patient jumps or moves suddenly. Holding the needle and syringe as 
if administering an intramuscular injection is avoided because if the patient raises 
from the prone position, the needle will be advanced deeper in an uncontrolled fash-
ion. S5 nerve injury can occur with sacral canal penetration. This can be prevented 
by avoiding the extreme lateral area of the sacral hiatus and entering the sacral canal 
between the midline and the lateral one third of the foramen. Also, the catheter 
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placement can be verified with fluoroscopy and contrast injection. Venous runoff 
can be seen if contrast is injected under live fluoroscopy if the catheter is placed in 
a vein. Contrast should pool in the area of injection and not dissipate on a subse-
quent fluoroscopic image. Sheared catheters are caused by withdrawing catheters in 
order to reposition them near the target. This can be prevented by maintaining the 
needle opening in an orientation toward the target. Also the catheter should be with-
drawn slowly and smoothly before redirecting. If the catheter meets resistance it can 
be advanced and rotated before attempting to withdraw again. If the catheter cannot 
be withdrawn past a point of resistance, the needle and can be withdrawn together 
as an intact unit. If the needle is removed but the catheter remains stuck, a needle 
can be replaced over the catheter and removal can be attempted again. Discharge 
criteria include independent ambulation and urinary voiding.

Complications can be avoided by using these steps:

A Loss of resistance technique using a modified bromage grip to prevent uncon-
trolled penetration.

Saline and air in LOR syringe to avoid pneumocephalus.
Abort the procedure if a wet tap is encountered
Using a blunt stylet to avoid dural laceration or puncture
Using an off midline technique to avoid loculation
Rotate RK needle tip toward target to avoid shearing if catheter is withdrawn to 

reposition
Check contrast in AP and lateral views to ensure epidural placement
Perform an aspiration test to avoid intravascular or intrathecal injection
Administer a test dose of local anesthetic to rule out a subdural catheter placement
Use local anesthetic to provide analgesia before administering hypertonic saline
Recognize perivenous counter spread and treat with flexion rotation exercises
Use flexion rotation exercises in patient who develop pain during or after injections 

to promote decompression by allowing injected fluid to exit the spinal canal via 
neural foramina

 Outcome Studies and Conclusions

Selective nerve root blocks have been shown to reduce surgical rates in the short to 
intermediate term [34]. However, over time, the surgical rates between the selective 
nerve root block group and control converge [35]. No other single shot percutane-
ous procedure has shown better results with respect to surgical rates. Lysis of epi-
dural adhesions is more involved and more expensive than a single shot procedure 
but it is also more effective and can reduce surgical rates long term. Caudal epidural 
lysis of adhesions had been studied in a randomized, sham controlled trial and the 
results show significant improvement of pain and function in the active treatment 
group compared to the sham group [36]. Long-term follow up of lumbar epidural 
lysis of adhesions shows maintenance of the analgesic effect and functional 
improvement 10  years after the procedure [37]. No long term problems were 
observed.
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In a study of cervical percutaneous neuroplasty versus epidural steroid injec-
tions, the cervical percutaneous epidural neuroplasty group had better outcomes 
6 months after treatment for cervical disk disease. [38] Importantly, contrast runoff 
through neural foramen correlates with improved outcome [39]. Achieving lateral 
runoff should be a goal of the procedure.

A systematic review and meta-analysis reported level 1 evidence for this proce-
dure in the treatment of back and leg pain due to lumbar spine disease [40]. Finally, 
for patients with failed back surgery syndrome, epidural adhesiolysis is more effec-
tive than spinal cord stimulation which is more effective than epidural injec-
tions [41].
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13Pre-surgical Psychological Evaluation 
of Spine Surgery Candidates

Jeffrey Dodds

 Introduction

Successful spine surgery and recovery requires a collaborative effort from patients, 
surgeons, healthcare teams, and insurance companies. There is a growing body of 
evidence that psychological and psychosocial factors can strongly influence the 
effectiveness of spine surgery and affect long-term outcomes after surgery [11, 13, 
16, 20, 24]. Many medical treatment guidelines, including those of the International 
Society for Advancement of Spine Surgery, North American Spine Society, 
American College of Occupational and Environmental Medicine and the American 
College of Physicians, now contain specific recommendations for pre-surgical psy-
chological evaluations [14]. Many payer policy statements, including those of the 
Centers for Medicare and Medicaid Services, Bluecross, Cigna, and United 
Healthcare, have adopted these recommendations as well and require pre-surgical 
psychological evaluations for spinal surgeries. These evaluations not only provide 
reliable, evidence-based recommendations to assist in the development of appropri-
ate treatment plans for spine surgery patients, they also can be used to determine 
patients’ outcome prognosis [7, 8]. Studies have shown that pre-surgical psycho-
logical evaluations are better predictors of spinal surgery outcome than MRIs [22, 
23, 34]. The predictive power of these evaluations lies in the psychological and 
psychosocial information collected in the structured clinical interview, psychomet-
ric testing, and medical chart review [8, 9, 24, 30, 32].
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 Guidelines for Presurgical Psychological Evaluations

Broadly speaking, there is no one standard presurgical psychological evaluation for 
spinal surgery candidates. However, there are extensive commonalities between the 
various approaches recommended by leading researchers in the field, including 
Andrew Block, JJ den Boer, and Daniel Bruns, just to name a few. The vast contri-
butions to the guidelines for these evaluations made by these and other researchers 
over the past 25 years have resulted in what [14] has referred to as a converging set 
of criteria for the evaluation of candidates for invasive spine surgery. As a result, 
multiple states have now adopted specific guidelines and requirements for 
PPE.  Colorado, Connecticut, Delaware, Montana, New  York, Rhode Island, and 
Washington, are among the growing list of states whose medical treatment guide-
lines now require a pre-surgical psychological evaluation for spinal procedures [18]. 
Additionally, a carefully constructed guideline for presurgical psychological evalu-
ations has been developed by the US Preventative Services Task Force [41].

Ultimately, the goals of presurgical evaluation are to optimize surgical outcomes 
and optimize patient satisfaction. The surgical outcomes can be assessed in a rela-
tively straightforward manner with objective and biological measures. However, 
when measuring patient satisfaction, assessment must rely on subjective and behav-
ioral variables [14]. These variables include the patient’s reported pain level, satis-
faction with care, reported level of functioning, reported/perceived quality of life, 
and ability and willingness to reduce opioid use. Subsequently, when we are defin-
ing surgical success, most surgical outcome variables have been found to be subjec-
tive and behavioral rather than biological and objective [21]. Of course, there are 
examples of surgeries largely based on biological variables and determined by bio-
logical criteria, such a surgical intervention for cauda equina. Yet in many cases the 
decision to perform surgery will be based on a number of behavioral variables and 
then the surgical outcome, in terms of success or failure, will be determined by the 
patient-reported behavioral variables noted above. Under these circumstances, 
many spine surgeries could be considered a behavioral treatment as much as a bio-
logical/medical treatment. This creates the possibility of an outcome paradox in that 
a procedure could be biologically successful but behaviorally a failure or vice versa 
[21]. So to the extent that a particular spine surgery is being performed as a behav-
ioral intervention to the patient’s satisfaction, behavioral tests actually have been 
found to be better outcome predictors than biological tests [22, 23]. As surgical 
outcomes are considered from this biopsychosocial perspective, the necessity of a 
collaborative evaluative process that includes both medical and psychological opin-
ions becomes clear.

 Domains of the Presurgical Psychological Evaluation

The clinical literature on presurgical psychological assessment consistently recom-
mends that psychosocial and medical risk factors be assessed through multiple tech-
niques. These techniques include, but are not limited to behavioral observation, a 
structured clinical interview, comprehensive review of the patient’s medical records, 

J. Dodds



319

and administration of standardized psychometric assessments [7, 8, 14, 16, 26, 30]. 
Careful consideration and integration of the information gathered from these tech-
niques and other sources allows the examiner to reach 4 very specific goals [8]. A 
primary goal of the evaluation process is to improve treatment outcomes for patients 
by identifying and, if necessary, arranging treatment for emotional and behavioral 
problems that could impede their recovery. The examiner can also identify patients 
who are likely to develop medication or compliance problems and recommend 
appropriate intervention. Another goal of the evaluative process is to improve over-
all treatment outcome by screening out patients with strong potential to experience 
poor outcome. Lastly, by adhering to this comprehensive process, the examiner can 
provide a strong and empirically validated rationale in cases where the surgeon may 
already feel uncomfortable about operating.

In the course of completing the medical chart review, structured clinical inter-
view, and psychometric testing, the examiner will be looking for strengths as well 
as weaknesses on all three domains. The examiner will also be looking for both 
consistencies and inconsistencies in reporting, and attempting to clarify any identi-
fied inconsistencies as deemed necessary.

 Medical Chart Review

The pre-surgical psychological assessment generally begins with a thorough medi-
cal chart review as this will establish the foundation for all other aspects of the 
assessment. In addition to providing basic information on the patient’s medical sta-
tus, the chart review can offer insight into other complex aspects of the patient’s 
history that will be important to consider when determining their readiness for sur-
gery. Behavioral risk factors such as medical compliance problems, current and past 
substance use history, medication seeking behavior, and psychiatric history all 
should be noted and then explored in detail during the clinical interview. Other more 
subtle behavioral risk factors indicative of recovery disincentive may be found dur-
ing the chart review as well, including reports of excessive pain behaviors or dis-
ability seeking behaviors. The presence or absence of these types of risk factors 
should not be considered exclusionary factors in and of themselves. Rather, they 
should be considered in an overall assessment of the patient’s ability to achieve pain 
relief and lifestyle improvement from a surgical procedure.

Equally worthy of consideration during the chart review are patients’ strengths, 
those behavioral and biopsychosocial factors known to promote recovery. Block 
et al. [12] has identified a number of factors that may outweigh other risk factors 
identified in the evaluative process such as patient resilience, adaptive emotional 
responses, work ethic, avoidance of opioids, and most importantly, patient activa-
tion. Patient activation, defined as patients’ engagement in maintaining their own 
health, may be determined by a history of such things as engaging in regular exer-
cise, maintaining a healthy diet, and collaborating with their physicians on treat-
ment plans  [38]. Patient resilience may be evidenced by their reported ability to 
handle stress and “bounce back” after other challenges they may have faced. Other 
important strengths to consider in the evaluative process include evidence of 
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previous adaptive emotional responses to medical problems or significant stressors 
that may have occurred in their past.

 Structured Clinical Interview

The clinical interview process provides means for identifying many of the risk fac-
tors associated with poor surgical outcomes as well as identifying strengths that 
may outweigh these risk factors. The clinical interview also provides opportunities 
to make more accurate interpretations of patients’ distress and mood-related symp-
toms that may have been noted in their medical records or endorsed on psychologi-
cal testing. Thoughtful follow-up questions in the clinical interview can help clarify 
if these symptoms are indicative of genuine psychiatric problems or symptoms 
directly related to their current physical condition.

Discussion of the location, severity, and chronicity of the pain the patient is expe-
riencing is another important aspect of the interview process. This will provide the 
examiner with  insight into the ways patients perceive and cope  with pain, their 
opinions on the effectiveness of previous treatment for pain, and expectations for 
post-surgical results. In the course of this discussion, the examiner will also have the 
opportunity to ask about more general healthcare utilization, medical/surgical his-
tory, current medications, opioid use/abuse, and the adequacy of their social support 
[37]. There are three key aspects to conducting a successful clinical interview. First, 
it is important to normalize the evaluation process for patients by helping them 
understand it is a routine part of the work-up for surgery and not an implication that 
they were singled out for an assessment based on concerns that they have significant 
mental health issues [3]. It is not uncommon for patients to be somewhat suspicious 
of the evaluation process initially and view the psychological examiner as a gate-
keeper in their journey to obtaining relief from chronic pain. Subsequently, a vitally 
important aspect of the interview process is establishing rapport with patients and 
helping them understand that the evaluation is being conducted with the goal of 
developing the best possible overall treatment plan for them. It is also important to 
structure the interview in a manner that will garner the information needed to make 
efficacious recommendations while still allowing for a certain level of flexibility in 
the process to provide patients with opportunities to discuss issues important to 
them [4]. Block and colleagues have stressed that when performing the clinical 
interview, a significant portion of the evaluation should be devoted to exploring and 
assessing the patients’ views of their condition and the extent to which they believe 
the surgery will relieve their symptoms. Patients who express beliefs that they are 
unable to effectively change their conditions have been shown to show less improve-
ment from spine surgery [4, 11]. That said, the examiner must be wary of over-
pathologizing patients’ worried or anxious presentations as this may be reflective of 
completely reasonable and understandable concerns about both medical and psy-
chosocial aspects of the procedure. In addition to these entirely appropriate con-
cerns about the procedure and post-procedural recovery, patients may have worries 
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about such things as the financial aspects of missed work or the possibility of over-
burdening members of their support system.

 Psychometric Testing

An ambitious review of 125 meta-analyses concluded that psychometric tests can 
diagnose and predict outcomes as well as medical tests within their specific domains 
[34]. Other studies specifically focused on lumbar surgery outcomes found that psy-
chological tests are actually better than MRI and other medical variables at predict-
ing outcomes [2, 22, 23]. Psychometric testing can effectively identify several 
common risk factors for surgery while also providing the examiner with a relatively 
quick and concise picture of the patient’s personality and emotional state [3]. Taken 
together, this data can be utilized as an additional check on the examer’s perceptions 
of the patient from the clinical interview. Test results can also be used to predict 
treatment outcomes and tailor treatment recommendations to each individual 
[17, 42].

There is no consensus on the particular testing instruments to include in a pre- 
surgical assessment battery but any tests utilized must be peer-reviewed and have 
appropriate reliability, validity, and normative data. They also must specifically 
assess constructs relevant to selection criteria for the surgical candidates in this 
particular clinical setting [6]. Multiple studies support the inclusion of a standard-
ized psychological assessment instrument such as the MMPI2-RF in the psycho-
logical evaluation of candidates for spine surgery and spinal cord stimulator 
implantation [5, 10–12, 33]. Extensive research on this particular testing instrument 
has consistently shown that patients with unresolved interpersonal problems, poor 
ability to cope with pain, high sensitivity to pain, or beliefs that they cannot get bet-
ter, are far more likely to experience sub-optimal surgical outcomes [6, 12, 33, 38] 
Similarly, a comprehensive review of the literature conducted by Celestin et al. [24] 
found that pre-surgical somatization, depression, anxiety, and poor coping were pre-
dictive of poor outcome response to lumbar surgery and spinal cord stimulator 
implantation. Other important psychosocial risk factors to consider include the 
presence of fear/avoidance of injury, substance abuse history, and disincentives for 
recovery [31].

When administering psychological testing in this pre-surgical assessment set-
ting, patients’ underreporting on an instrument should not be interpreted in the same 
manner as it would be in other settings. Patients’ under-reporting is not necessarily 
indicative of defensiveness, lying, or invalidity [6]. Both the examiner and the pro-
cess of the exam itself may be viewed by patients as barriers to surgery rather than 
an element of integrated care. Additionally, when assessing medical patients with 
psychological invententories the examiner must be mindful of the tendencies for 
these inventories to score all physical symptoms as psychological syndromes [15]. 
So even in the testing domain of pre-surgical assessment, it is important to identify 
not only patients’ risk factors but their protective factors as well.
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As noted earlier, one of the most prominent protective factors is patient activa-
tion, a factor shown to be reliably measured by both the MMPI-2-RF and the Patient 
Activation Measure (PAM) [5, 6, 12] Patient activation has been shown to be associ-
ated with positive surgical outcomes in spite of the presence of other psychosocial 
risk factors [5]. Highly activated individuals experience better health outcomes than 
individuals who are less activated [44, 45]. More highly activated individuals also 
have been shown to report having more psychological resources when faced with 
adversity such as recovery from spine surgery [39].

 Integration of Evaluation Data

There are multiple and sometimes complex considerations to be made when inte-
grating the information collected during the presurgical evaluation. One important 
consideration is the possibility that patients suffering with chronic and severe pain 
may define their problems narrowly and either by choice or lack of insight, fail to 
recognize the role that mood symptoms and psychosocial factors are playing in 
their responses to treatment [37]. Frequently, patients will acknowledge the pres-
ence of depression and/or anxiety while expressing the belief that these mood 
symptoms are directly and solely related to the presence of chronic pain. While 
there certainly may be an element of truth in this belief, it is crucial that the exam-
iner take time to consider the psychosocial and psychological factors that the 
patients themselves may not have taken into consideration. Multiple studies have 
shown that the presence of psychiatric conditions or history of psychological 
trauma can profoundly impact patients’ perception of pain and ability to cope with 
pain [5, 11, 24, 28, 35, 43]. Studies have also shown that patients who somaticize 
or have increased sensitivity to pain tend not to do well after surgery [6, 12, 33].

A literature review conducted by Bruns and Disorbio [16] supports the utiliza-
tion of a two-tiered approach to presurgical psychological evaluation that includes 
assessment of both primary and secondary psychosocial risk factors. The presence 
of primary psychosocial risk factors requires immediate intervention including but 
not limited to postponement or cancellation of the surgical candidate’s procedure. 
Primary risk factors include suicidal ideation, homicidal ideation, psychosis, and 
acute intoxication. Psychological testing results often will provide reliable evidence 
of more serious psychopathology even when patients may have made efforts to deny 
or conceal them in visits with the surgeon or the pre-surgical examiner. Surgical 
candidates suffering with this level of psychological instability may be unable to 
cooperate and/or fully comply with the treatment recommendations of the surgical 
team. Under these circumstances, a feedback session will be required to provide the 
patient with recommendations for alternative noninvasive treatments such as a mul-
tidisciplinary chronic pain management program. The feedback session also will 
provide the examiner an opportunity to describe the significant risks of the more 
invasive procedures and explain to patients how these type procedures may actually 
worsen their pain and functional disability [4].
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Secondary psychosocial risks are fairly common among candidates for elective 
surgery and include depression, anxiety, somatization, job satisfaction, and smok-
ing. The presence of any of these secondary risk factors should not necessarily be 
viewed as exclusionary. However, research has consistently shown that as the num-
ber of secondary risk factors increases, so does the likelihood of poor prognosis. For 
spine patients in particular, the presence of depression and anxiety have been asso-
ciated with impairment of health-related quality of life and poor long-term out-
comes, such as higher levels of increased pain and perceived disability [1, 27, 36, 
40]. Patients endorsing depression, smoking, and/or receiving disability benefits at 
the time of lumbar spine surgery have been found to have worse postoperative func-
tional outcomes at 3 and 12 months after surgery. The presence of these three factors 
pre-surgically also have been associated with lower patient satisfaction after lumbar 
surgery [25]. Gatchel [29] found that the presence of 4 or more of these secondary 
psychosocial risk factors significantly increased the presence of psychopathology 
and doubled the odds that patients would not return to work after medical treatment.

When taking these secondary risk factors into account, the examiner must also 
consider to what degree socio-economic factors may be affecting patients’ percep-
tion of their level of recovery and/or level of disability following surgery. For 
instance, a patient with a relatively low education level, limited job skills, and/or 
labor intensive occupation, may quite realistically fear their back problems will be 
permanently disabling to some degree even with successful surgery. Conversely, a 
patient with many transferable job skills and an advanced degree may view their 
back problems and pain issues as significant challenges but without the fear of an 
inability to maintain gainful employment. Information gathered in the clinical inter-
view regarding the patient’s educational background and work history can be uti-
lized to better understand their perceptions of disability [37]. In most cases where a 
relatively low number secondary risk factors have been identified in the presence of 
protective factors such as high patient activation and resilience, patients can still be 
considered low risk and cleared psychiatrically for surgery. In cases where the risk 
factors have reached a moderate level, surgery can be delayed while patients partici-
pate in appropriate behavioral treatments such as smoking cessation, CBT for 
Chronic Pain, physical exercise programs, and medication reduction [8].

As with any psychological evaluation, there are multiple situational factors that 
must be taken into consideration in determining surgical candidates’ readiness for 
surgery. Cultural issues, language barriers, and literacy issues may significantly 
impact the ways in which patients present and perceive their symptoms. Other for-
mative experiences including those involving patients’ age, sexuality, or race are 
also important details to explore in the evaluative process.

 Psychological Clearance/Recommendations

Obtaining successful outcomes for spine patients requires a collaborative effort 
from patients, surgeons, healthcare teams, and insurance companies. Best practice 
guidelines suggest an interdisciplinary approach that will provide patients treatment 
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options from multiple disciplines for which there is good evidence of high efficacy, 
low risk, and low burden [14, 19]. Doing what is best for the patient means consid-
ering options from the least invasive interventions such as medication, physical 
therapies, and behavioral medicine to the more invasive options such as injections 
and surgery. It is at this stage of the treatment planning that the pre-surgical exam-
iner’s recommendations for pre-surgical treatment becomes vitally important. The 
recommendations included in the pre-surgical evaluation in conjunction with the 
patient’s willingness and capacity to comply with these recommendations may 
determine if an elective surgery will ever be performed.

 Determining the impact biopsychosocial factors could have on the surgical out-
come and determining what if any, interventions might improve the surgical 
results are among the most important decisions made during the pre-surgical evalu-
ation process. Careful integration and consideration of all the uniquely individual 
results of a pre-surgical evaluation allows the examiner to develop meaningful treat-
ment recommendations for patients at any risk level [47]. Patients determined to be 
low to moderate risk surgical candidates can be provided with recommendations for 
facilitating in their surgical outcomes. And higher risk candidates who are not 
cleared psychiatrically for a surgical procedure can be provided with individually 
tailored interventions ranging from less invasive treatment alternatives to recom-
mendations and referrals for appropriate psychiatric intervention. Frequently, the 
patients who comply with treatment recommendations made for undertreated or 
untreated mental health issues are able to resolve these issues to a degree that they 
can be cleared for a procedure at a later date.

 Feedback Session

If, subsequent to a comprehensive pre-surgical psychological evaluation, the exam-
iner has determined a surgical candidate is at moderate to high risk for suboptimal 
outcomes, a feedback session will be required. This will give the examiner the 
opportunity to clearly explain the results of the evaluation as well as explain any and 
all treatment recommendations that have been included [46]. The recommendations 
included in the evaluation should always be made within a framework of providing 
the highest efficacy, lowest risk, and lowest burden for the patients. Effectively con-
veying these recommendations to patients requires an amalgam of assessment and 
psychotherapeutic skills presented in a manner that often resembles a hybrid of 
testing and therapy.

The effectiveness of the feedback session should be measured primarily in terms 
of patient benefit. The examiner is essentially serving as a patient advocate at this 
stage of the evaluative process by emphasizing two simple goals; helping patients 
maximize benefit from the recommended evidence-based treatment and helping 
them avoid treatments that are likely to be unsuccessful. Much like the approach 
taken by an examiner in an assessment feedback session, the pre-surgical examiner 
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presents the results in plain language that can be easily understood and will not 
overwhelm patients with data. Feedback is then solicited and patients are encour-
aged to ask questions. And much like the approach taken in a therapy session, the 
examiner presents the results with honesty and empathy in an atmosphere of col-
laboration and support. The examiner also can increase the likelihood that patients 
will view them as an advocate rather than a gatekeeper to treatment by collaborating 
with surgeons in the assessment process. Surgeons can prepare their patients for the 
evaluation by conveying that it will help them better understand their condition and 
more accurately identify the best treatment for them [14].

Patients who have been informed that they have not been cleared psychiatrically 
for a surgical procedure initially may experience a range of negative emotions. 
Patients may feel anger toward the examiner based on a belief they are being denied 
access to treatment or experience a sense of fatalism or resignation about ever hav-
ing their condition treated. It is not uncommon under these circumstances for 
patients to experience shame or self-blame related to psychiatric issues and/or life- 
style choices that may have played a role in their risk status. Considering the power-
ful impact that patient activation has been found to have on surgical outcomes, the 
feedback session can be a perfect opportunity for the examiner to encourage and 
foster increased activation with these particular patients. This can be accomplished 
through simple therapeutic techniques such as emphasizing patients’ strengths, 
acknowledging what they may have already been doing or are planning to do, and 
reflecting on positive aspects of their current condition/circumstances. Conducting 
the feedback session in this hybrid form of assessment and psychotherapy has the 
potential to foster movement from blaming self or others to taking informed actions 
as well as movement from a sense of fatalism to a sense of autonomy.

 Summary

A large and growing body of research has demonstrated that pre-surgical psycho-
logical evaluations can identify patients who will benefit most from treatment, iden-
tify patients at risk for poor outcome, and predict surgical outcome in a powerful, 
reliable, and systematic fashion. Thoughtful consideration of the data gathered in 
these evaluations allows the pre-surgical examiner to make meaningful, efficacious 
contributions to the surgical team. Patients with non-compliance issues and/or sig-
nificant mental health issues can be identified and assisted in accessing appropriate 
treatment, thus improving the odds they will experience a positive outcome. 
Treatment outcomes are improved by screening out patients at high risk for poor 
outcome. Surgeons are provided with empirically-validated rationale in cases where 
they were already feeling uncomfortable about proceeding with surgery. And most 
importantly, the results of these evaluations when carefully integrated with contri-
butions from patients, surgeons, healthcare teams, and insurance companies, helps 
ensure both surgical outcome and patient satisfaction is optimized.
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14Pre and Postoperative Spine 
Rehabilitation

Nasser Ayyad and Denizen Kocak

 Epidemiological Considerations

An appreciation for the total burden on spinal care is important to keep in mind 
when considering the possible economic and healthcare impacts of a prehabilitation 
program. Even small changes in the standard of practice can have a meaningful 
impact on an issue that is so prevalent in the United States.

Back pain is an extremely common healthcare complaint in the United States and 
is associated with significant reduction in quality of life and significant cost to the 
healthcare system and to work productivity. For adults in the U.S. between ages 20 
and 69, the prevalence of chronic low back pain was estimated at 13.1% in 
2009–2010, and it has been previously estimated that the lifetime prevalence of 
back pain may be as high as 84% [1]. Data from the 2009–2010 National Health and 
Nutrition Survey (NHANES) associated back pain increased with age, female gen-
der, and Caucasian race. It also showed that US adults with chronic low back pain 
are often socioeconomically disadvantaged and were more likely to be unemployed, 
receive disability benefits, and have a household income of less than $20,000 [2]. 
The direct annual healthcare cost for persons with chronic low back pain was esti-
mated to be roughly $8400 per person for those with chronic back pain versus $3600 
for persons without chronic low back pain in 2005, with a total cost estimates of 
$102 billion to greater than 200 billion per year [3].
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Additionally, patients with chronic back pain were more likely to have depres-
sion, sleep disturbances, and were more likely to smoke [2], all of which have 
downstream healthcare effects and costs. Indirect costs of low back pain are also 
high due to work absenteeism. Over a 6-month period, about 15% of patients with 
chronic low back pain will miss work and the median duration of missed workdays 
for an absence ranged from about 14–24 days in a meta-analysis [4].

In addition to the prevalence of back and neck pain the cost of spine surgery in 
the United States is also a significant factor on the economic burden of spine care. 
In 2011, spinal fusion surgery was the costliest operating room procedure in the 
United States, resulting in $12 billion in overall cost [5]. The average length of stay 
for lumbar fusion surgery is about three and a half days for an uneventful surgery 
with no complications and about 5 days when there is a complication [6].

Given the expected increase in absolute population and the shift towards an older 
population, it is likely that the costs associated with future spine care will have pro-
found implications on the U.S. healthcare and labor systems. The U.S.  Census 
Bureau has estimated that the population over the age of 65 in the United States will 
be 73 million by 2030 and 85 million by 2050 compared to just 49 million in 2016 
[7]. As one might expect with an aging population, the number of spinal surgeries 
in the United States is also increasing. From 2004 to 2015, the number of elective 
lumbar fusion surgeries increased by about 62%, from 122,000 to nearly 200,000. 
Of note, the largest increase in rate of surgery was highest for the population age 65 
and over, which increased 138% [8].  Lumbar discectomies are also a common 
intervention, with an estimated 480,000 lumbar discectomies performed annually in 
the United States [9]. Cervical spinal surgeries also increased significantly over a 
similar time period from 2002 to 2011 though the increase was not as dramatic [10]. 
There were approximately 27,400 cervical spine surgeries performed in 2002 with 
an increase to 36,400 in 2011, with the majority of these surgeries being anterior 
cervical fusions, which accounted for roughly 84% of cervical spine procedures. 
Over this same period, the mean age of patients undergoing surgery also increased 
from about 50–55 years old, and the overall number of comorbidities in the patients 
undergoing surgery also increased.

Now that we have a better understanding of the economic impact of a neck and 
back pain and spine interventions we will discuss how the preoperative spine patient 
and discuss how a prehabilitation program can improve outcomes and reduce costs 
associated with the surgical spine patient. Given that in one survey of spinal sur-
geons [11], less than 40% of surgeons provided written materials to patients preop-
eratively, there is certainly room for improvement.

 Preoperative Spine Patient

Some patients will present with urgent and emergent needs for surgery and may 
have been near their functional baseline days to even hours before they undergo 
surgery, but this is not the typical picture. Surgical spine patients often have a 
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subacute to chronic presentation, with pathology combine with other comorbidities 
that has developed over years and can lead to a constellation of functional decline 
with pain, decreased mobility, difficulty completing activities of daily living, and 
muscular atrophy, among others. And any surgery, no matter how successful, and no 
matter how skillfully performed, presents the body with a physiologic stressor and 
can lead to an acute worsening of a patient’s physical deficits.

In one cohort of 650 patients over 70 years old examined the association between 
back pain and decreased lower extremity physical function. They found that low 
back pain was independently associated with worsening rapid gait, chair stand, and 
foot tap. The threshold of this decline appeared to be four or more months of chronic 
pain. In this study chronic pain was also associated with increased comorbid anxiety 
and depression. Although the causal relationship is not clear, there is a clear associa-
tion between the two, and there is some evidence that there is overlap in the central 
neuroplastic changes that occur in the two conditions [12].

Additionally, patients with depression, lower health-related quality of life, 
greater preoperative disability, and longer pain duration were more likely to have 
poor spine surgical outcomes. Notably, this same study suggested that patients who 
received preoperative physiotherapy or chiropractic care were less likely to report a 
poor outcome [13]. Although none of these concepts are particularly surprising, 
they serve to highlight specific areas which can be targeted with prior to surgery in 
order to improve outcomes.

 What Is Prehabilitation?

Presurgical rehabilitation or prehabiliation, known more informally as “prehab” is a 
framework of care initiated before surgery, whereby patients’ physical, nutritional, 
medical and physiological preparation, and caregiver involvement are strengthened 
while waiting for surgery in order to maximize physiologic reserve and enhance the 
patient’s ability to maximize their recovery following surgery.

A prehabilitation program often consists of a preoperative baseline medical 
assessment together with evaluation of physical strength and flexibility, nutrition 
and mental health. A personalized program is then prepared based on medical, 
nutritional, and psychological optimization. The physical therapy component often 
includes strengthening, improving cardiovascular and pulmonary endurance, as 
well as stability and balance exercises.

 Education

Patient education should be a cornerstone of preoperative preparation for the patient 
and sets the stage for patient expectations for surgery, recovery, and care at home. 
Ideally it should include those who will act as caregivers for the patient after dis-
charge as they will also be instrumental in the recovery process.
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Although research is generally heterogenous and no standard education protocol 
has been widely adopted, systematic reviews have been able to suggest that educa-
tion, either as a stand-alone presurgical intervention, or as part of a multifaceted 
approach have beneficial effects. Most convincingly, there appears to be a positive 
effect on psychological outcome measures, with improved anxiety and depression, 
better feelings of preparedness, and better patient satisfaction. Evidence for pain, 
disability, and other performance-based outcomes did not show as convincing of a 
beneficial effect [14]. A lack of information, however, in the pre and perioperative 
phase has been associated with increases in anxiety and depression [15].

Delivery of information can be through a variety of means in terms of simple 
verbal discussion at the surgical consultation in office, written handouts, videos, or 
patient classes, and the optimal medium is still an area of active research. Although 
the method of delivery may vary, certain principle subjects for education should be 
addressed with the surgical spine patient:

• Diagnosis: Simply explain, by minimizing medical jargon and using common 
terms, to describe the patient’s condition and purposed surgical procedure(s). 
Special care must be taken to ensure that materials are patient appropriate, with 
a targeted reading level of fifth or sixth grade. Often, even after removal of medi-
cal jargon, materials remain above this suggested reading level [16].

• Prognosis: This is an opportunity to set expectations for a patient regarding to 
acute, intermediate, and long-term outcomes for a particular condition and sur-
gery. The patient’s post-operative pain, function, as well as their rehabilitation 
process following surgery should be addressed by the physician as well as thera-
pists. Patients with positive expectations may experience less pain and disability 
when compared to patients with negative expectations [17].

In one of the most aggressive approaches detailed, Fleege and colleagues in 
Germany described a four-hour interdisciplinary educational day where patients 
and family met with the entire care team including the surgeon, anesthesiologist, 
therapist, social workers, and patients who had previously undergone the proce-
dure in the week leading up to the operation. Their program also included early 
post- operative intervention with a focus on mobilization so the true effect of edu-
cation alone cannot be isolated, but it suggested greater patient satisfaction, >80% 
mobilization on day one, and a decreased length of stay of almost 4 hospital days. 
Despite the increased pre-operative costs which were about 30% higher, the over-
all cost was lower due to shortened hospital stays. Although this appears to be 
effective, it may not be applicable to the U.S. healthcare system and requires 
significant resource investment on the part of the institution. It does, however, 
highlight the positive impact a comprehensive surgical preparatory plan can 
make [18].
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 Reducing Fall Risk

Limiting fall risk post-operatively is an extremely important part of the pre-surgical 
rehab process. There are numerous different fall risk assessment tools available to 
the clinician including the Berg Balance scale score (score <50), the Timed Up and 
Go test (>12 seconds), and the Five Times Sit-to-Stand times (>12 seconds) appear 
to be the most effective assessment tools [19, 20]. Standard prehabilitation has 
unfortunately not consistently been shown to improve balance and strength post- 
operatively despite promising improvements in standing balance reported in one 
study following prehabilitation prior to total knee arthroplasty [21]. Based on clini-
cal judgement, the physician and therapist can determine if an increased focus on 
balance and fall prevention training are indicated. Additional mind-body practices 
may be considered such as Tai Chi to improve balance. Tai Chi and other comple-
mentary therapeutic practices will be discussed later in the chapter.

 Cardiovascular Conditioning

Exercise tolerance is also correlated with surgical outcomes. Preoperative cardio-
pulmonary exercise testing (CPET) acts as a measurement of exercise capacity, with 
an anaerobic threshold of less than 11 ml.O2.kg being associated with increased risk 
of complications [22]. Systematic reviews have failed to consistently prove signifi-
cant improvement in physiologic function or clinical outcomes, but these studies 
suffered from small sample sizes, poor adherence to the prehab programs, and het-
erogenous markers of outcomes. Logically, exercise would improve cardiovascular 
conditioning, but further research is required to demonstrate the efficacy of preha-
bilitation for cardiovascular conditioning [23].

 Smoking Cessation

Smoking cessation only 4–6 weeks prior to surgery has been shown to have signifi-
cant reductions in various postoperative complications including wound and bone 
healing, morbidity, and mortality. A systematic review of 21 studies showed that 
cessation of at least 4 weeks prior to a variety of surgical procedures appeared to be 
associated with a significant reduction in overall complications, wound complica-
tions, and pulmonary complications [24]. After spine procedures, smokers were less 
likely to return to work, less likely to have reached a clinically important difference 
in Oswestry Disability scores, more likely to require regular analgesics, and were 
less likely to be satisfied with the results of their operation [25].
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Bone healing is a specific area of concern in the surgical spine patient and mul-
tiple studies have shown impaired bone healing in smokers. The etiology for this is 
multifactorial, but generally is theorized to be due to decreased bone mineral den-
sity, impaired osteoblastic cellular activity, and impaired blood flow and angiogen-
esis [25]. In lumbar spinal fusion surgeries, nonunion rates are significantly higher, 
and have been shown to be related to the overall number of cigarettes smoked per 
day. In patients undergoing two level lumbar fusions, nonunion rates appeared to be 
nearly 30% in the smoking group versus 11% in the nonsmoking group. For cervical 
intervention, the effect appears to be less marked still trends towards higher rates of 
pseudarthrosis. This again was more common in patients undergoing multilevel 
fusions and may also be more common in patients who undergo anterior cervical 
discectomy and fusion [25].

Literature has suggested a drop-off in the effectiveness of smoking cessation as 
an intervention if it is started less than 3–4 weeks preoperatively [26] and some 
studies have also suggested a nearly dose dependent relationship over the preopera-
tive period where each additional week of smoking abstinence was associated with 
about a 19% increase in the magnitude of improvement in some postoperative com-
plications [24]. Additionally, patients who were offered intensive interventions had 
higher rates of continued smoking cessation at 12  months post-operatively with 
patients being roughly three times more likely to remain abstinent at 12 months on 
pooled analysis of intensive smoking cessation interventions. Although the optimal 
timing of cessation is simple, the earlier the better, but at the minimum the provider 
should focus on cessation at least 1 month prior to intervention and be aware of ces-
sation programs that are available.

 Alcohol Cessation

Alcohol cessation is another important consideration in the preoperative optimi-
zation of surgical patients. Although we commonly consider alcohol related dis-
eases like cirrhosis, pancreatitis, and withdrawals, we often fail to consider the 
effects on cardiac function, immunosuppression, hemostasis, and the overall 
ability to maintain homeostasis. In patients drinking three or more alcohol units 
on a daily basis (36 grams of alcohol, slightly less than three standard American 
drinks which is roughly 42 grams of alcohol [27], alcohol cessation interven-
tions reduced post- operative complications when pooling all complications 
including wound related complications, need for secondary surgery, cardiac or 
pulmonary complications, and need for transfer to intensive care. It did not, 
however show a statistically significant effect on in hospital and 30-day mortal-
ity. Of note, both studies in the meta- analysis reporting these findings included 
pharmacotherapy for alcohol cessation, using either disulfiram or chlordiaz-
epoxide [28].
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 Nutrition

Nutrition optimization in patients undergoing spine surgery is a critical variable of 
a prehabilitation program as improved outcomes and decreased complications are 
associated with enhanced perioperative nutritional status. As previously discussed, 
spine surgeries are expected to continue to increase in the U.S. and this holds par-
ticularly true for elderly patients. Older patients have an increased rate of metabolic 
disorders such as obesity, hypertriglyceridemia, and diabetes and subsequent nutri-
tional deficits [29]. Other nutritional deficiencies may be secondary to conditions 
such as anorexia, malabsorption syndromes, metabolic imbalances that causes 
increased nutrient utilization, inflammatory bowel disease, psychiatric disorders, 
and neoplastic processes.

Patients undergoing elective spinal surgery should have a comprehensive nutri-
tional assessment prior to surgery. Methods of optimization include preoperative 
screening with Nutritional Risk Score or other scoring systems, looking for changes 
in body mass index, detecting sarcopenia, and screening for metabolic abnormali-
ties. Assessment of blood glucose, electrolytes, cholesterol, vitamin levels, water 
and fiber intake, visceral proteins, and lean body mass should also be done preop-
eratively, and close monitoring should be continued postoperatively. In patients 
with diabetes tight perioperative glucose control is important in order to decrease 
complications such as infection and deep venous thrombosis among other adverse 
outcomes [30].

Albumin is a nutritional marker that is often used to determine the health status 
of patients before surgery. An albumin level of 3.5 g/deciliter is a serological indica-
tor of malnutrition [31]. Other serologic parameters of malnutrition that are often 
measured and tracked are total lymphocyte count, <1500 cells/mm3, and transferrin 
levels, <200 mg/dL [32]. Pre-albumin is often ordered in conjunction with albumin 
as it is also an acute phase reactant and can be low in malnourished patients. The 
challenge with using pre-albumin as an indicator is that it can be increased in renal 
failure and hypothyroid disorders and decreased in liver disease and infections. A 
retrospective study indicated that a low prealbumin level is a possible risk factor for 
early-stage surgical site infection in spine surgery, though it was not statistically 
significant; operative time was the most important indicator of SSI on multivariate 
analysis [33].

Malnourished and volume depleted patients should be given balanced diets 
replenishing key nutrient deficits while monitoring glucose levels in diabetic patient. 
Postoperatively, patients should initiate a diet as soon as possible to decrease overall 
length of stay and complication rates, facilitating return to normal activities.

In addition to improving patient outcomes, studies have shown that nutritional 
intervention can be extremely cost effective, saving an estimated $52 for every dol-
lar spent [34]. Again, the exact timing of nutritional intervention is not well studied, 
with 4 weeks before surgery as a minimum target [35].
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 Centralization of Pain and Psychologic Intervention

As previously mentioned, the perception of pain and anxiety/depression share many 
of the same neuroplastic characteristics, and both are common in the spine surgery 
population. Studies have reported that nearly 70% of patients who undergo lumbar 
spinal surgery have kinesophobia, and patients who catastrophize and display fear- 
avoidance behaviors tend to have worse surgical outcomes [36]. Although cognitive 
behavioral therapy and mindfulness have shown benefit in pain severity and func-
tional limitations in chronic back pain [37], presurgical and post-surgical psycho-
logic interventions are less robustly studied.

Preoperative pain neuroscience education has shown promise in decreasing health-
care utilization up to 1-year post-surgery but failed to show significant benefit in terms 
of pain and functional improvement [38]. Preoperative CBT has shown more rapid 
improvement in disability as defined by the Oswestry Disability Index (better at 
3 months post-operatively compared to standard care) but has failed to show long term 
benefits in two studies which were reviewed by Lotzke et al. [36, 39].

 Enhanced Recovery After Surgery Program

The largest semi-standardized prehabilitation program is the Enhanced Recovery 
After Surgery (ERAS) approach. It has been one of the more recent and effective 
movements to improve surgical care and improve postoperative recovery. It consid-
ers many of the previously discussed presurgical health variables and works to 
address them as part of a comprehensive and holistic plan to improve postoperative 
functional gains and to decrease costs, length of stay, and postoperative pain. It was 
first described in the colorectal surgery population with the first ERAS consensus 
paper published in 2005 [40].

Within the ERAS framework, there is traditionally the pre-hospital phase, the 
immediate preoperative phase, the intraoperative phase, the immediate postopera-
tive phase, and the post-discharge phase which may include a variety of both at- 
home and inpatient options [41].

The most recent clinical guidelines from the ERAS society as of the writing of 
this book were released in 2018, with strong recommendations for smoking, alcohol 
and nutrition interventions and a weak recommendation for pre-surgical physical 
therapy interventions, presumably based on the low quality of existing evidence on 
postoperative clinical outcomes [42].

N. Ayyad and D. Kocak



337

 An Approach and Potential Model

The University of Texas Southwestern Spine Center ERAS program will be dis-
cussed here and in light of a lack of consensus guidelines on prehabilitation proto-
cols may serve as a model for other practitioners or institutions who are planning to 
initiate an ERAS Spine program. The protocol is an active area of research at the 
institution, and we do not make claims that it is superior to other protocols.

Patients are screened for eligibility to participate in the ERAS program based 
on measures of frailty, likelihood of discharge to rehab or nursing facility, and 
measures of likely centrally sensitized pain. Frailty is measured by the FRAIL 
scale, which is a validated screening tool that includes fatigue, resistance, ambula-
tion, illnesses, and loss of weight to predict future difficulties in ADLs and IADLs 
[43]. Likelihood of discharge to a rehabilitation hospital or nursing facility is 
estimated by the ACS NSQUIP (American College of Surgeons National Surgical 
Quality Improvement Program) “Discharge to Rehab or Nursing Facility” calcu-
lator. Risk of discharge to post-acute care varies for various specialties. Most 
relevant to spine surgery are the orthopedic and neurological surgery rates of 
admission to post-acute care, though note that these figures include all orthopedic 
and neurosurgical procedures. For orthopedic surgery, the overall rate of discharge 
to post-acute care was 24.5% and for neurosurgery it is 14.6% [44] and the ACS 
NSQUIP risk calculator can be used to compare risk of discharge to post-acute 
care for individualized patients. Centrally sensitized pain is measured by the 
Central Sensitization Inventory, and patients who have at least moderate central-
ized pain (a score of 40 or greater on a 100-point scale) meet criteria for eligibil-
ity [45].

The program itself includes a 4–8-week prehabilitation regimen with a minimum 
of five visits over this period. The goals of the program are to manage pain and pain 
avoidance behaviors through education, optimize body and gait mechanics including 
balance, improve strength and mobility, and increase cardiovascular conditioning.

Management of pain and activity/pain avoidance is a multifaceted educational 
approach on the benefits of movement for healing and the effects of movement on 
pain control with a targeted focus on cognitive behavioral therapy, pain neurosci-
ence education, and overall wellness. Pain neuroscience education is a cognitive 
approach which educates patients on the concept of central sensitization to pain and 
shifts the focus from mechanical sources of pain to altered interpretation and sensa-
tion of pain. In combination with manual therapy, this can help to decrease pain and 
disability [46].
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Improvement of body and gait mechanics includes work on positioning during 
sustained postures and a focus on a sustained daily walking program of at least 
20 minutes in duration with an emphasis on education about gait mechanics with 
incorporation of an assistive device as needed. Strengthening occurs on a progres-
sion scheme with progression from isometric exercises to open and closed chain 
isotonic exercises with an additional focus on stretching and mobility exercises. 
Within this strengthening program, incorporation of functional mobility work 
include sit-to-stand exercises. In addition to this functional training, if there are 
expected post-operative weightbearing or range of motion restrictions, it may be 
beneficial to attempt to practice these preoperatively so that patients feel comfort-
able with the motions and have built up their stabilizer muscles prior to surgical 
intervention.

An additional focus should include cardiovascular conditioning in anticipation 
of deconditioning and additional exertion needed to maintain restrictions post- 
operatively. The program targets both time and intensity-based goals for aerobic 
exercise, with a goal of greater than 10  minutes of greater than 50% VO2max. 
VO2max is the maximum rate of oxygen consumption during increasingly intense 
exercise. Although one may have seen this measured in athletes with a fitted mask 
on a treadmill, there are various estimates of VO2max that are more practical and 
cost effective when applied to the prehabilitation population. There are estimates of 
VO2max that can be calculated based on the ratio of maximum heart rate to resting 
heart rate [47] and the Rockport fitness walking test which is a timed one-mile walk 
[48], among many other methods, including some that are now integrating common 
biosensors like watches that track movement and heart rate.

Often, this program will continue up until near the date of surgery, but there are 
discharge criteria by which patients may graduate from the program early. In order 
to be discharged from the program, patients must be independent in transfers and 
bed mobility, must be independent household ambulators, be independent in a home 
exercise program for continued presurgical optimization, be able to articulate post- 
operative expectations and discuss pain management strategies, and have met or 
exceeded the minimum measures of significant improvement in at least three of the 
six measured functional tests. After surgery, the same patients are enrolled in post-
operative rehabilitation.

 Postoperative Rehabilitation

As previously discussed, patients that undergo spine surgery have often experienced 
pain for months or even years prior to surgery. Others may develop new or worsened 
pain following spine surgery. A prospective cohort study revealed that lumbar fusion 
(one to two levels), lumber fusion (three or more levels) and complex spinal recon-
struction were three of the six most painful procedures during the first postoperative 
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day [49]. Patients with pain naturally move less and may experience kinesiophobia, 
fear of worsening their pain with movement, which inhibits their activity levels. 
Decreased activity and mobility can set off a cascade of physical problems includ-
ing deep vein thrombosis, depression, increased muscle stiffness, myofascial dys-
function, weakness, and increased pain [50]. Furthermore, decreased activity, even 
for a few weeks is directly link to weight gain and decreased fitness level which 
predisposes patients to further metabolic and cardiovascular health problems. Also, 
more invasive spine surgeries such as spinal fusion can disrupt the muscle structure 
of the abdomen or spine and may lend to acute post-operative weakness and biome-
chanical changes of the spine [51].

 Early Mobilization (Day 0–2 Weeks)

Early mobilization following surgery is one of the pillars of ERAS programs and 
has shown benefits in reducing perioperative comorbidities and length of stay in 
other medical/surgical subspecialties. Recent systematic reviews have shown that 
early mobilization after spine surgery, while obeying precautions as described by 
the surgeon, has multiple benefits including increased control of pain, reduced mor-
bidity (cardiopulmonary decompensation, urinary tract infections, deep vein throm-
bosis/pulmonary embolism, sepsis or infection), and limiting fatigue and atrophy of 
major muscles groups of the spine and extremities and thus improved mobility. 
Early mobilization also has consistently shown to decrease the risk of depression.

There is also evidence that early mobilization is superior to bed rest for 
performance- based and patient-reported outcomes following elective spinal sur-
gery. In another review patients who underwent accelerated ambulation and reha-
bilitation also had a reduced length of hospital stay with no increased risk of 
complication or readmission [41].

Encouraging patients to mobilize soon after surgery makes physiological sense, 
however there are currently no guidelines or universally adopted procedure/surgery 
specific recommendations form mobilization following a specific spine surgery.

A 2019 review summarized the current practice for specific spine surgeries in the 
U.S. Per the review, on average, mobilization is encouraged within 1–2 hours fol-
lowing surgery for elective discectomies and microdiscectomies. Patients undergo-
ing non-complex lumbar fusion (less than six levels) are often mobilized “right after 
surgery” and those undergoing multilevel fusion of the lumbar or thoracolumbar 
spine within 8 hours.

Following cervical laminectomies and foraminotomies and anterior cervical dis-
cectomy and fusion patients were mobilized within 6 hours following surgery. In the 
same study, mobilization for patients undergoing posterior cervical fusion were still 
advised to mobilize on the day of surgery but based on individual and clinical judge-
ment [14]. Therefore, in most cases mobilization on the day of surgery and 
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ambulation from the first postoperative day is possible and should be the goal. Given 
the benefit of early mobilization the importance of safely developing mobilization 
protocols is clear. Moving forward the opportunity is to establish practice guidelines 
on the optimal type and timing of mobilization, and how this should be modified for 
different spinal procedures.

 Timing and Frequency of Postoperative Rehabilitation

Despite the fact there are no definitive recommendation for the postoperative man-
agement after spinal surgery most patients are instructed by their surgeons to con-
tinue to ambulate but to avoid extensive bending, lifting, twisting, and to begin 
post-operative exercises programs 4–6 weeks after surgery. There are recent ran-
domized controlled trials that suggest rehab exercises as early as 3 weeks, such as 
strength training, are safe and effective [52]. There are also no universal guidelines 
for post-operative exercise rehab programs for specific spinal surgery patients how-
ever the literature consistently shows that comprehensive physiotherapy com-
menced within the first 4 weeks after surgery does not increase the potential for an 
adverse event and leads to a moderate, statistically significant reduction in pain 
when compared with a control groups.

 Postoperative Cardiovascular Exercise

Generalized, aerobic exercise is often a major element of postoperative rehabilita-
tion. The most common form of cardiovascular activity recommended in the imme-
diate postoperative period is walking. As previously noted, one of the primary 
indications of walking immediately following surgery is to prevent the formation of 
deep vein thrombosis. However, the benefits of walking extend much further for 
postoperative spine patient. Walking increases the flexibility and strength of the 
muscles and ligaments that support the spinal column such as the paraspinal mus-
cles, abdominal muscles, lower extremities, and pelvic/gluteal musculature. It also 
promotes blood flow and oxygenation of these tissues. There is limited evidence to 
suggest that better perfusion of deconditioned muscle tissue facilitates the release of 
chronic low back pain by alleviating ischemia of tired and fatigued muscles The 
flexibility of your spinal ligaments and tendons is also increased, improving the 
overall range of motion in your cervical, thoracic, and lumbar spine. Walking may 
help with the diffusion of oxygen and glucose from the end plates of the vertebral 
bodies to the largely avascular spinal discs [53].

From a practical perspective, a recent prospective study showed that participants 
that walked more in the first post-operative week were more likely to have substan-
tially improved function on the Oswestry Disability Questionnaire at 6-months [54]. 
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Lastly, walking is a fundamental weight bearing activity that is an integral part of 
bone mineralization.

 Aquatic Exercises

Aquatic or hydrotherapy is defined as exercise in warm water to improve muscle 
strength, flexibility, and cardiovascular fitness. Exercising in water can be used in 
conjunction with land-based exercises or can be the primary environment for exer-
cises for the post-operative patient. Water’s buoyancy decreases apparent body 
weight and lower limb internal joint forces thus limiting the stress that eccentric 
contractions place on landing and closed kinetic chain activities. For patients that 
cannot tolerate land based exercise due to comorbidities such as osteoarthritis of 
adjacent joints it may allow patients to walk and perform exercises earlier in the 
post-operative process in order to decrease muscle stiffness, regain mobility, 
improve strength, and reduce pain.

The benefits of water-based exercises were quantified in a 2018 systematic 
review that showed aquatic exercises significantly reduced pain and increased phys-
ical function in patients with low back pain. Although the authors noted that addi-
tional high-quality studies are needed to validate this form of therapy for chronic 
and post-operative low back pain and function [55]. In addition, a prospective com-
parative study suggested that aquatic backward locomotion exercises improved 
lumbar extension strength in patients who have undergone lumbar discectomy [56].

Most of the literature reviewed indicates that patients should wait until at least 2 
weeks post-surgery to allow for wounds to heal prior to initiation of aquatic therapy. 
However, there is some emerging data that suggest that patients be allowed to sub-
merge in water as early as 4  days postoperatively. A systematic review in 2013 
showed that early aquatic therapy, less than 3 months after surgery, does not increase 
the risk of wound-related adverse events for adults after orthopedic surgery. 
Therefore, aquatic therapy should be considered as a safe and likely effective 
medium as a primary environment or as an extension to land based exercises for the 
post-operative spine patient. Additional research is needed to quantify the benefits 
for specific postoperative spine patient populations [57].

 Strength Training

Another common component of spine rehabilitation for both nonoperative chronic 
neck and back pain as well as in the post-operative spine patient is strengthening of 
the trunk extensors and abdominal muscles, also known as motor control exercise. 
Theoretically, contracting muscles that surround the spine results in increased stiff-
ness and stability and provides a splint effect that may be protective to the spine. 
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Conversely if the muscles around the low back are weak, the body relies more on 
passive structures such as ligaments and discs for stability. This may lead to acceler-
ated degenerative changes and serve as a precursor to problems such as spinal 
stenosis.

Two trunk muscles seem to be particularly important to segmental spinal stabili-
zation. First, the transverse abdominis (TA), located on each side on the torso, these 
muscles are sometimes referred to as the “corset muscles”, and they play a key role 
in strengthening and stabilizing the core. The TA is the deepest of the abdominal 
muscles and it exerts a compressive force on the abdominal contents and pull on the 
thoracolumbar fascia. The TA is active with movement of the upper extremities and 
lower extremities as well as in flexion and extension of the trunk. Examples of TA 
exercises include hip bridges, planks, and set-ups. The second are the multifidus 
muscles that serve as the prime extensor muscles of the spine and stabilize the indi-
vidual spinal segments and joints of the spine. The multifidus contract within the 
thoracolumbar fascia and exert a stabilizing effect on the spinal segment. Both the 
TA and multifidus have high concentrations of slow-twitch fibers and higher levels of 
oxidative enzymes, which implies that they are uniquely designed to provide pro-
longed tonic contractions and play a significant role in upright posture and stability.

A recent study examined the effectiveness and safety of isometric trunk exercises 
3 weeks following lumbar fusion surgery. The exercises were focused on trunk 
extension, flexion, and lateral flexion muscles. The treatment group achieved earlier 
functional recovery than standard rehabilitation protocol and had no increased 
adverse events including no hardware loosening or failure [52].

A Cochrane Review in 2015 looked at the effectiveness of strength exercises for 
nonspecific low back pain and concluded that there is low to moderate quality evi-
dence that strength training of abdominal and trunk extensors have a clinically 
important effect compared with a minimal intervention for chronic low back pain 
and low to moderate evidence that it provides similar outcomes to other forms of 
exercise. Some have argued that core strengthening is more important in the post- 
operative patient where studies have shown that lumbar fusion surgery negatively 
effects lumbar extensor muscle function and density. A prospective study examined 
the extent of atrophy of the lumbar paraspinal muscles after open lumbar interbody 
fusion. The results showed that there was a significant increase of electromyo-
graphic denervation activity and reduced recruitment of motor units 1-year follow-
ing lumbar fusion. The paraspinal muscle volume also decreased from 67.8% to 
60.4% after 1 year. Per the study results paraspinal muscle volume was significantly 
correlated with physical outcome, mental outcome, and pain after 1 year [58].

An extension of trunk strengthening is spinal motor control training. Spinal 
motor control is defined as coordinating the various components of the motor sys-
tem to act in unison to produce loaded movements such as transfers, lifting, bend-
ing, and upright exercise. Proper neuromuscular reeducation for timing associated 
with muscle activation and increased intraabdominal pressures during these loaded 
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movements is also addressed during these movements. Spinal motor control is 
thought to be especially important following lumbar fusion of two or more consecu-
tive lumbar spine units [59].

 Neural Mobilization

Neural mobilization (NM), also known as neural dynamics or nerve gliding, is a 
movement-based intervention that is intended to facilitate neural function by restor-
ing the homeostasis in and around the nervous system by mobilization of the nerve 
itself or the structures that surround it. For nerves to function properly they need to 
have the ability to slide and glide unhindered through different areas of the body. 
When spaces adjacent to nerves are damaged or compromised then irritation or 
increased pressure of an adjacent nerve may lead to painful symptoms.

NM has become a popular technique among therapist for patients with nerve 
related pain as is often the case in spine disorders such as stenosis or radiculopathy. 
They involve a sequence of maneuvers that lengthens the nerve at one joint or loca-
tion while simultaneously reduces its length at an adjacent joint in order to produce 
sliding maneuver of neural structures relative to adjacent tissues. An example of a 
NM technique for low back with lower extremity radicular pain is placing the 
patient in the slump position (patient is placed in the seated position and slumps 
over by flexing their cervical and thoracic spine while extending their right or left 
knee) and then adding rotational, compressive, or traction forces to the spine.

Advocates of NM point to the basic science and physiology of pain medicine. 
Recent research using ultrasound have shown that nerves have both longitudinal and 
lateral movement capabilities. If blood flow is compromised due to a mechanical 
restriction of a nerve it can lead to a hypoxic state which can in turn lead to ischemic 
based pain. Furthermore, substances contained in the herniated disc can cause inflam-
mation and radicular pain without compression of a nerve root. Studies have also 
show that proinflammatory chemicals such as phospholipase A1 (PLA2), is released 
in or around the intervertebral disc during a disc herniation, can cause damage to its 
protective myelin sheet and lead to peripheral sensitization of the nerve [60].

Theoretically if exercises and movements can utilize the inherent ability of a 
nerve to restore movement, improve blood flow, and limit the inflammatory response 
then it has the potential to decrease pain and improve function of the nervous sys-
tem. As an extension to these results it has been suggested that neural mobilization 
should be part of a post-operative spine rehab program to prevent nerve root adhe-
sions and improve outcome, but this has been largely anecdotal given the lack of 
studies in this population.

A systematic review of 40 studies in 2017 revealed that NM achieved statically 
significant improvement in disability and pain for upper and lower extremity 
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radicular pain. This was not replicated in individuals with carpal tunnel syndrome 
as NM was not effective in this population [61]. Conversely, a randomized control 
trial in 2001, where patients underwent NM following lumbar fusion, lumbar lami-
nectomy, or lumbar discectomy showed no benefit for decreased pain or improved 
function at a 12-month follow-up [62]. It should be noted that this study included a 
heterogenous population and this may have affected the results. Also, the acute and 
subacute outcomes were not measured in this study.

Due to the scarcity of high-quality studies and conflicting results, there is insuf-
ficient evidence to make a strong argument for or against incorporating NM in the 
post- operative spine rehab plan. However, given its safety it’s reasonable to con-
sider adding neural tissue mobilization into the postoperative regiment, particularly 
for patients where there is suspicion of radicular pain secondary to scar or soft tissue 
adherence.

 Soft-Tissue Mobilization/Manual Therapy

Manual therapy or soft tissue mobilization is a treatment used by therapists to treat 
musculoskeletal pain and disability; it mostly includes kneading and manipulation 
of muscles, joint mobilization and joint manipulation. Massage therapy is used 
postoperatively to reduce inflammation, decrease pain, and facilitate patient recov-
ery. Other studies have reported that it reduces anxiety, fatigue, edema, and nausea. 
Pressure and touch are thought to facilitate these changes by restoring lymphatic 
drainage, improving blood circulation, lengthening short or tight connective tissue, 
relaxing tense muscles, and soothing the nervous system. The benefit of these 
modalities in the immediate post-operative period may be extended from other sur-
gical specialties. Massage therapy administered post surgically has been shown to 
decrease patients’ pain and need for analgesics after colectomy and cesarean section 
[63, 64]. Patients who received massage therapy after cardiovascular surgery also 
had significant decreases in postsurgical pain as well as a reduction in anxiety and 
tension compared with those who received standard care [65].

There are no significant studies that have shown conclusive evidence of the effec-
tiveness of massage therapy in post-operative spine patient. A Cochrane Review in 
2015 resulted in very little confidence for massage therapy as effective treatment for 
lumbar pain that had not undergone surgery [66]. This was partly due to the lack of 
high-quality studies. It revealed that acute, subacute, and chronic low back pain 
improved pain and functional improvement only in short term follow-up. It also 
showed that it was safe with no serious adverse effects due to massage in this popu-
lation. There is insufficient evidence to advocate for or against soft-tissue mobiliza-
tion’s inclusion in postoperative spine rehabilitation programs. Manual therapy may 
be considered to provide a decrease in postsurgical pain and a reduction in anxiety 
and tension. If manual therapy is administered it is important to ensure no 
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significant stress is placed on the surgical location or adjacent levels in the acute 
post- operative period. More definitive trials with larger sample sizes are required to 
confirm the feasibility and potential therapeutic effectiveness of this approach.

 Psychosocial Considerations

Over time episodic and chronic pain can influence a person’s psychological state. 
Manifestations may include fear/avoidance behavior, anxiety, poor self-efficacy, 
catastrophizing, and depressed mood. Even psychologically healthy patients will 
endure psychological stress during the perioperative period as socioeconomic 
stressors associated with surgery such as unexpected medical bills or loss of income 
may affect their mood. A comparison analysis of the California Outcomes Database 
revealed that patients without a history of depression prior to spine surgery had an 
increased risk of post-operative depression relative to those who underwent other 
forms of major surgery or suffered from serious illnesses, including coronary artery 
bypass grafting (CABG) and congestive heart failure (CHF). The authors first iden-
tified patients without a prior history of depression who underwent spine surgery 
between the years of 2000 and 2010. They then identified patients with newly diag-
nosed depression within 5 years of undergoing spine surgery. Statistical analysis 
showed that the risk of post-operative depression for patients who underwent spinal 
surgery was approximately two-fold higher than for patients who underwent CABG 
or who have COPD, medical conditions known to be associated with postoperative 
depression [67].

Several types of psychotherapy have been utilized to help people with depression 
and pain in the post-operative process. One of the most practiced and studied forms 
of psychological therapy is cognitive behavior therapy (CBT). Cognitive therapy 
focuses on a patient’s moods and thoughts. Behavioral therapy specifically targets 
actions and behaviors. CBT blends cognitive and behavioral therapy to modify 
thought patterns in order to change moods and behaviors. An RCT to determine the 
efficacy of a CBT based physical therapy program versus general education in post- 
operative lumbar patients revealed that the CBT group had significantly greater 
decrease in pain and disability and increase in general health and physical perfor-
mance compared with the education group at the 3-month follow-up [68]. Another 
RCT evaluated the effectiveness of an exercise program for chronic low back pain 
that combined rehabilitation program with a CBT component that encouraged self- 
reliance and normal movement of the spine resulted in significantly greater improve-
ments in disability and back pain scores at 1 year compared usual primary care 
management. The CBT cohort missed far less work and used fewer health care 
resources; the authors concluded that this approach was more cost-effective that the 
usual primary care [69]. Furthermore, a systematic review by the Agency for 
Healthcare Research and Quality in 2018 concluded that psychological therapies 

14 Pre and Postoperative Spine Rehabilitation



346

were associated with slightly greater improvement than usual care to treat both 
function and pain at short term, intermediate-term, and long term follow up [70]. 
Overall, these findings point to the interdependent relationship of physical and psy-
chological therapy during rehabilitative process and the importance of further high-
quality studies to determine which therapies and techniques are most effectives in 
different post-operative populations.

 Mind Body Exercises

Another strategy thought to improve psychological and physical well-being are 
mind-body activities. Mind-body interventions are increasingly used by people with 
chronic musculoskeletal pain and anxiety to help manage their symptoms and 
improve well-being. Examples of mind-body therapies include biofeedback, medi-
tation, guided imagery, yoga, and Tai Chi. The Global Spine Care Initiative for 
chronic non-invasive management of back and neck pain recommend exercise, 
yoga, cognitive behavioral therapies, acupuncture, biofeedback, progressive relax-
ation therapy [71]. There are no significant studies that examine the efficacy of these 
exercises in the post-operative spine patient however they have been studied in the 
non-operative spine patient. An individualized approach should be taken when rec-
ommending these practices and modifications may be necessary to ensure that they 
do not worsen the patient’s pain or cause complications in the poster operative spine 
patient. Two of the most practiced and studied mind-body practices for low back 
pain are yoga and Tai Chi.

• Yoga: There are various styles of yoga but in general they all incorporate various 
movements and poses with breath and meditation exercises. When practiced 
regularly it improves strength, flexibility, and balance. It is also has been associ-
ated with improved mood and decreased anxiety.

A Cochrane Review in 2017 on yoga for chronic back pain concluded that it 
has low to moderate evidence to improve function but did not meet minimum 
clinical importance for improving pain compared to the non-exercise control. 
Yoga was associated with more adverse events that than the non-exercise control 
but did not pose more risk that other back focused exercises. The review did not 
find that yoga was not associated with serious adverse events [72].

• Tai Chi: Is an ancient Chinese art that involves a series of slow, flowing move-
ments and stretches combine with breath work. There are various styles of Tai 
Chi, the most common being Tai Chi Chen. According to the principles of tradi-
tional Chinese medicine, Tai Chi’s movements can help stimulate the flow of 
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vital energy, and promote healing for a variety of health conditions including 
stress, anxiety, and improving balance. Improvement of self-efficacy and improv-
ing balance is among many of the proposed benefits of Tai Chi [73, 74].

A systematic review and meta-analysis of 7 RCTS in 2019 concluded that Tai 
Chi alone or as adjunct therapy may decrease pain intensity and improve func-
tion for patients with non-specific low back pain [75]. A literature review that 
encompassed over 500 trials for a variety of health conditions reported that no 
serious adverse events have been associated with the practice of Tai Chi. 
Therefore, it can be considered as a safe practice that has the potential to improve 
low back pain, balance, function, and other physiological and physiological 
benefits.
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15Preoperative Optimization 
and Intraoperative Enhanced Recovery 
Principles for Patients Undergoing Spine 
Surgery

Megan G. Maxwell, Kehinde O. Odedosu, 
and Bryan T. Romito

 Preoperative Assessment for Primary Care Providers

Advanced age, diabetes, heart disease, and lung disease have been identified as 
comorbidities that increase operative risk [1]. Once the patient and surgeon have 
agreed to pursue spine surgery, a multidisciplinary, systematic approach to 
assessing and optimizing these risk factors should occur in order to achieve a 
successful outcome. This often involves collaboration between the internist, con-
sulting specialists, surgeons, and anesthesiologists. The preoperative medical 
optimization visit should not only include a thorough review of the patient’s 
medical history, vital signs, and physical exam but should also include a discus-
sion of functional status and new or concerning symptoms. It is imperative to 
focus on the stability and severity of chronic medical conditions, including a 
detailed current medication list and medication adherence. The goal of this visit 
is not to “clear” a patient for surgery but instead to optimize these complex 
patients while applying guideline-driven recommendations and testing when 
applicable. The following sections will review a system-based risk assessment 
for patients undergoing spine surgery.
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 Cardiovascular Risk Assessment and Recommendations

Patients undergoing non-cardiac surgery are at risk for major adverse cardiac events 
(MACE) [2]. Therefore, a meticulous approach to preoperative cardiac evaluation 
should follow the 2014 American College of Cardiology (ACC) and American 
Heart Association (AHA) guidelines. In August 2014, the ACC/AHA updated their 
guidelines for cardiovascular evaluation and care of the patient undergoing non- 
cardiac surgery [3]. The guidelines provide a step-by-step approach to preoperative 
risk assessment and management, including a discussion surrounding several surgi-
cal risk calculators. Based on the guidelines, determination of the urgency and risk 
of surgery is a critical first step in the evaluation. Emergency or urgent procedures 
have been shown to increase risk of complications [4].

 Procedure-Specific Risks

Fluid shifts, blood loss, and the degree of hemodynamic compromise have been 
reported to increase the risk of surgical complications [5]. While previous versions 
of guidelines classified the risk of the procedure as low, intermediate, or high, the 
current guidelines recommend stratifying risk into two simple categories: low and 
elevated risk [3, 6]. Calculation of this risk is based on a combination of both patient 
and surgical characteristics. Low-risk surgery is characterized as a <1% risk of 
MACE, while surgery with a risk of MACE of ≥1% is classified as elevated risk [3].

 Patient-Specific Risks

The value of a comprehensive history and physical examination in the preoperative 
evaluation cannot be overstated. By understanding a patient’s medical history, 
including identifying and assessing factors that can influence outcomes, the clini-
cian can use evidence-based guidelines to guide decision surrounding preoperative 
testing and also to predict post-operative complications. The patient should ideally 
be evaluated within a month of the planned surgery. An assessment of functional 
capacity is a crucial aspect of this evaluation, with metabolic equivalents (METS) 
representing the primary method used to assess functional status. Functional status 
is defined as excellent (>10 METS), good (7–10 METS), moderate (4–6 METS), 
and poor (<4 METS). METS >4 has been considered adequate to proceed with sur-
gery in the absence of active cardiac conditions or concerning clinical symptoms 
[3]. Recently published trials have found the Duke Activity Status Index (DASI), a 
questionnaire used to determine a patient’s ability to achieve an appropriate METS, 
to be a more accurate measurement of a patient’s actual functional capacity com-
pared to a clinician’s subjective assessment [7–9]. Moreover, DASI performed bet-
ter when compared to stress testing and cardiac biomarkers like brain natriuretic 
peptide [8]. The DASI score is calculated by tallying the points of all performed 
activities, with higher numbers indicating a higher functional status. The score can 
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then be converted to METS. Based on a study from Wijeysundera et al., a DASI 
score of 34 or less means that the patient is at risk for MACE and post-operative 
complications [9].

 Risk Calculators

Cardiac risk calculators have also been used to assess perioperative cardiac com-
plications. The use of these calculators has evolved over time, and no single tool is 
perfect. The most cited and externally validated tool is the Revised Cardiac Risk 
Index (RCRI) [10]. The RCRI consists of six risk factors that increase a patient’s 
risk of cardiac complications. These six risk factors include: history of congestive 
heart failure, history of cerebrovascular disease, history of ischemic heart disease, 
high-risk surgery, creatinine >2 mg/dl, and diabetes requiring insulin [10]. Per the 
2014 ACC/AHA guidelines, a patient with 0 or 1 risk factor is considered low risk 
while ≥2 risk factors is considered elevated risk [3]. Other risk calculators include 
the Gupta Myocardial Infarction and Cardiac Arrest calculator and the American 
College of Surgeons National Surgical Quality Improvement Program (ACS- 
NSQIP) surgical risk calculator. Using the NSQIP database, Gupta et al. identified 
five unique predictors of MACE [11]. These include type of surgery, functional 
status, abnormal creatinine, age, and American Society of Anesthesiologists (ASA) 
physical status classification. The ACS-NSQIP calculator, although cumbersome, 
has garnered considerable attention as it is a more comprehensive risk calculator 
that enables procedure-specific risk assessment [12]. Both of these calculators are 
available online. Based on review of the evidence, these newer risk indices may 
perform better but should be applied in the setting in which they were studied [13].

 Cardiovascular Clinical Risk Factors

 Coronary Artery Disease
Livhits et al. observed that patients with a history of coronary artery disease (CAD) 
are at risk for cardiac complications, with recent acute coronary syndrome associated 
with an especially greater risk [14]. They also noted the postoperative myocardial 
infarction (MI) rate decreased as the length of time from MI to operation increased 
(0–30 days = 32.8%, 31–60 days = 18.7%, 61–90 days = 8.4%, 91–180 days = 5.9%), 
as did 30-day mortality (0–30 days = 14.2%, 31–60 days = 11.5%, 61–90 days = 10.5%, 
91–180 days = 9.9%). The risk was modifiable by how long from the planned surgi-
cal date the myocardial infarction occurred, if revascularization was performed, and 
the type of revascularization [15]. Analyzing the data, surgery within 1 month of an 
acute coronary syndrome is associated with a significantly increased risk of 
MACE. The 2014 ACC/AHA guidelines recommend delaying elective surgery for at 
least 2 months following an MI [3]. Patients with stable CAD, without recent acute 
MI, red flags, or worrisome clinical symptoms should be able to proceed to surgery 
without any further risk stratification.
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 Valvular Heart Disease
Patients with valvular heart disease undergoing non-cardiac surgery have an 
increased risk of MACE in the postoperative period [16]. This risk is dependent on 
the valve, the severity of the disease, and the type of non-cardiac surgery. The 2014 
ACC/AHA guidelines recommend an echocardiogram for moderate-to-severe val-
vular disease if an echocardiogram has not been performed within 1 year or there is 
a change in the clinical status or physical exam [3]. For patients with moderate-to- 
severe valvular disease, a multidisciplinary preoperative discussion with the cardi-
ologist, surgeon, and anesthesiologist is crucial to develop a perioperative plan as 
additional hemodynamic monitoring may be needed. If indicated, valvular interven-
tion prior to surgery can reduce risk [16].

 Heart Failure
Heart failure is a significant cardiac risk factor [17]. Although evidence is scarce on 
how asymptomatic heart failure impacts postoperative outcomes, the literature and 
guidelines specify that patients with decompensated heart failure should have sur-
gery delayed unless the procedure is emergent [3]. Several studies have shown that 
patients with a left ventricular ejection fraction of <35% may also have an increased 
risk of postoperative complications [18]. For this reason, close hemodynamic moni-
toring in the perioperative period may be warranted. Optimal goal directed medical 
therapy for the treatment of heart failure can mitigate some of the risk [19].

 Pulmonary Risk Assessment and Recommendations

Pulmonary complications are an underappreciated cause of perioperative mortality 
and morbidity [20, 21]. A thorough history and physical examination, including 
evaluation of tobacco history, remains the mainstay of the preoperative pulmonary 
assessment. Pulmonary risk assessment can be further divided into patient-related 
risk factors and procedure-related risk factors. Patient-related factors include 
asthma, tobacco use, heart failure, chronic obstructive pulmonary disease (COPD), 
obesity, and obstructive sleep apnea (OSA). Procedure-related risk is largely deter-
mined by the surgical site, with surgery closer to the diaphragm associated with 
greater risk [20, 21].

Several risk indices have been developed to predict the risk of postoperative pul-
monary complications, including pneumonia and respiratory failure [22, 23]. Of 
note, many of these pulmonary risk indices exclude OSA. Although many cases 
likely go undiagnosed, the prevalence of OSA is increasing in the population. 
Patients with OSA require close monitoring in the perioperative setting because of 
their increased risk for complications [24, 25]. Consequently, all patients should be 
screened for OSA preoperatively. The most widely used OSA screening tool is the 
STOP-BANG questionnaire. Chung et  al. demonstrated that the STOP-BANG 
questionnaire is a reliable and easy tool to screen for OSA. Each positive risk factor 
is scored one point, with a total score ≥3 indicating an increased risk for OSA 
[24, 25].
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 Pulmonary Risk Reduction

Chronic pulmonary conditions such as asthma and COPD should be optimized prior 
to surgery. Recent pulmonary function tests (PFTs) are helpful in assessing the 
degree of obstructive or restrictive lung disease. Pulmonary risk reduction can occur 
in several stages during the course of care. Preoperatively, the internist or pulmon-
ologist should focus on patient education, including awareness of OSA risk, tobacco 
cessation when applicable, optimization of underlying disease, and the use of bron-
chodilators and steroids when indicated. Postoperative risk reduction measures 
include continuation of bronchodilators, incentive spirometry, analgesia, and the 
use of continuous positive airway pressure as needed [26].

 Hematologic Risk Assessment and Recommendations

 Preoperative Anemia

Approximately one-third of patients evaluated during their preoperative assessment 
will be diagnosed with anemia [27]. As such, this represents a commonly- encountered 
and modifiable risk factor in the presurgical patient. Preoperative anemia is often 
attributed to iron-deficiency anemia and anemia of inflammation (also known as ane-
mia of chronic disease) [28]. While anemia has been classically defined by the World 
Health Organization (WHO) as a hemoglobin <13 g/dL in men and <12 g/dL in 
women, a universal threshold of <13 g/dL in all perioperative patients may be con-
sidered [28, 29]. A retrospective analysis of 227,425 patients undergoing major non-
cardiac surgery showed an increased 30-day risk of mortality (odds ratio 1.42, 
confidence interval 1.31–1.54) and morbidity (odds ratio 1.35, confidence interval 
1.3–1.4) in patients with preoperative anemia after controlling for other confounding 
variables [27]. As a first step in the risk assessment, consideration should be given to 
the cause of the anemia. This should include a thorough medical history and physical 
exam. Spine surgery may be postponed depending on the severity of anemia, diag-
nostic workup required, and urgency of the planned procedure.

 Causes of Preoperative Anemia and Management

The management of preoperative anemia should employ a Patient Blood 
Management (PBM) approach [30–32]. The WHO defines PBM as “patient- 
focused, evidence-based and systematic approach to optimize the management of 
patients and transfusion of blood products for quality and effective patient care. It is 
designed to improve patient outcomes through the safe and rational use of blood and 
blood products and by minimizing unnecessary exposure to blood products” [32]. 
The core principles of PBM include: management of anemia, multimodal approach 
to blood conservation, optimize hemostasis, patient-centered care and decision 
making [30]. By adhering to these principles, providers can minimize postoperative 
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complications associated with anemia and the unnecessary use of blood transfusion. 
In most circumstances, anemia can be corrected with treatment prior to the planned 
surgery, which can also decrease the need for blood transfusion in the perioperative 
period [33, 34].

 Iron Deficiency Anemia

Both oral and intravenous (IV) iron therapy are treatment options for iron deficiency 
anemia. Oral iron is often the first treatment choice provided there is sufficient time 
prior to surgery to replete iron stores and raise the hemoglobin value. Nonetheless, 
the efficacy of oral iron compared to IV iron in the presurgical patient with iron 
deficiency anemia has been debated [35]. Poor gastrointestinal absorption, patient 
intolerance, and an acute or chronic inflammatory state (referred to as anemia of 
chronic disease) may alter the efficacy of oral iron [34, 36]. Whichever approach is 
chosen, sufficient time must be given for either oral or IV iron to optimize hemoglo-
bin and iron stores [33].

 Anemia of Chronic Disease

Anemia of chronic disease, as seen in chronic renal insufficiency, is often driven by 
a decrease in erythropoietin production and iron metabolism [33, 34, 36]. Directed 
therapy involves not only addressing the chronic disease but also replenishing eryth-
ropoietin [36]. Erythropoiesis-stimulating agent (ESA) is the driver to produce red 
blood cells and works in synergy with iron, highlighting the importance of appropri-
ate iron stores. There is growing evidence that the use of ESA in the preoperative 
management of anemia can decrease the need for allogenic blood transfusion [37–
40]. However, the use of ESA in the presurgical patient has been a source of conten-
tion, particularly surrounding the matter of thrombosis. Evaluating the use of 
preoperative ESA in patients undergoing knee or hip arthroplasty, Alsaleh et  al. 
found no significant difference in the risk of thromboembolism in patients who 
received ESA compared to patients who did not [37]. Additionally, the authors 
observed that there was a decreased rate of blood transfusion in the group of patients 
who received ESA. With appropriate patient selection, attention to the degree of 
blood loss for the planned surgery, and the use of a strong PBM program, ESA can 
decrease the need for blood transfusion in the perioperative period [32, 37–40].

 Endocrine Risk Assessment and Recommendations

There is a significant amount of evidence linking hyperglycemia to poor outcomes 
in patients undergoing surgery [41, 42]. Poorly-controlled diabetes, regardless of 
the duration, can have detrimental effects in the postoperative period. Hyperglycemia 
is known to impair leukocyte function [43]. Unsurprisingly there is an association 
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between poorly-controlled diabetes with hyperglycemia and an increased risk of 
surgical site infection [43, 44]. When a patient arrives for a preoperative visit, it is 
important to determine their level of glycemic control, including their most recent 
hemoglobin A1C level. This value is not only useful for diagnosing diabetes (≥6.5% 
being diagnostic of diabetes) but is also an essential tool for assessing glycemic 
control. The ideal hemoglobin A1C for elective surgery has been a source of conten-
tion in the literature. Although there is no defined threshold preoperative hemoglo-
bin A1C to proceed with surgery, a value <8% appears to correspond to a decrease 
risk of postoperative complications [45]. Achieving this goal requires timely refer-
ral to the managing clinician for optimization, which may include titration of exist-
ing medications or the addition of other agents. Additionally, the preoperative visit 
will include a discussion of the management of both oral and injectable diabetic 
medications on the day prior to surgery and the day of surgery. Although hemoglo-
bin A1C and blood glucose have their limitations, they remain valuable indicators 
of a patient’s glycemic control.

There is a growing body of literature describing the use of other markers that 
reflect glycemic control in the perioperative period [46]. One of these markers is 
serum fructosamine, which measures the level of glycated serum proteins like albu-
min. Fructosamine reflects mean glucose levels over 14–21 days and may be a better 
marker for poor glycemic control than hemoglobin A1C [46]. In a large prospective 
multicenter study, it was shown to be an excellent predictor of adverse outcomes in 
patients following total knee arthroplasty. In this same population, fructosamine 
better reflected glycemic control, possessed greater predictive power for complica-
tions, and responded faster to treatment compared to hemoglobin A1C [46].

Regardless of which screening tool is used, improving outcomes in the diabetic 
patient undergoing surgery starts with optimal glucose control. In general, it is rec-
ommended to stop oral hypoglycemic medications on the morning of surgery, stop 
prandial insulin, and continue basal insulin with dose adjustments based on indi-
vidual patient needs.

 Introduction to the Anesthesia Preoperative Evaluation

In addition to the preoperative assessment by primary care providers, further patient 
optimization and risk stratification can occur in the immediate preoperative setting 
by anesthesiology providers. Perioperative anesthesia evaluation and education of 
spine surgery patients not only helps to improve patient satisfaction but also allows 
the anesthesia team guide medical optimization in collaboration with patients’ pri-
mary care providers, consulting specialists, and surgical team [47]. Furthermore, 
evaluation in an anesthesia preoperative clinic allows for a thorough medical assess-
ment, laboratory and cardiac testing prior to the day of surgery, focused conversa-
tions regarding anesthetic risks, and an introduction to Enhanced Recovery after 
Surgery (ERAS) protocols.

The anesthesia preoperative clinic evaluation may begin by triaging patients 
based on complex vs simple spinal surgery and surgical urgency. Simple spine 
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surgery includes microdiscectomy and laminectomy for degenerative disease, while 
more complex surgery consists of spinal instrumentation, trauma, and tumor sur-
gery [48]. While spinal surgeries are usually elective and thus allow time for ade-
quate optimization, surgery for oncologic indications may be more time sensitive. 
Urgent procedures to address acute myelopathies or cauda equina syndrome man-
date rapid evaluation [48].

 System-Based Approach to the Preoperative 
Anesthesia Evaluation

Anesthetic preoperative evaluation usually follows a system-based approach. 
Special attention should be paid to preoperative vital signs to ensure not only that 
systemic blood pressure is optimized, but also well documented so that intraopera-
tive hemodynamic goals can target 20% of the preoperative baseline. Even stricter 
blood pressure control may be required in patients with myelopathy or trauma to the 
spine [49]. The preoperative clinic is an ideal setting to discuss preoperative medi-
cation administration. Many clinics have established guidelines to instruct patients 
on which medications to continue perioperatively and which medications to hold. 
Depending on comorbidities, certain medications such as beta-blockers, pulmonary 
hypertension agents, and antiepileptics should be continued uninterrupted. Other 
medications like angiotensin converting enzyme (ACE) inhibitors and anticoagu-
lants will likely need to be held. Discontinuation of anticoagulation or antiplatelet 
agents is advised only after consultation with the prescribing provider, especially in 
patients with recent cardiac stents or surgery.

 Airway

A detailed airway evaluation is critical in spine surgery patients, especially those 
presenting for cervical or upper thoracic spine surgery. Careful documentation of 
the extent of mouth opening, neck range of motion, and symptoms such as pain or 
paresthesia elicited with neck movement should all be included. Many of these 
patients have disease pathology, such as rheumatoid arthritis or ankylosing spondy-
litis, that may limit neck mobility or distort airway anatomy. Preoperative airway 
evaluation will help the anesthesia team decide upon an appropriate intubation tech-
nique. For those patients with myelopathy or evidence of an unstable cervical spine, 
the anesthesiologist may choose to alter the intubation technique and perform an 
awake fiberoptic intubation [50].

 Pulmonary

As mentioned above, chronic pulmonary conditions such as asthma or COPD 
should be optimized as much as possible prior to surgery. Recent PFTs are helpful 
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in assessing the degree of obstructive or restrictive lung disease. Patients presenting 
for spine surgery often have restrictive lung disease related to their spinal pathology 
or curvature, which can decrease their vital capacity and total lung capacity. Special 
consideration should be given to patients with severe restrictive lung disease, as this 
can progress to pulmonary hypertension [50]. When appropriate, the anesthesia pre-
operative clinic should work in conjunction with the patient’s primary care provider 
and/or pulmonologist to optimize their pulmonary medication regimen and compli-
ance prior to surgery. Major thoracic spine surgery may require one lung ventila-
tion, and careful preoperative assessment and optimization is critical for these 
patients.

 Cardiovascular

Approach to the preoperative cardiac evaluation should follow the updated ACC/
AHA guidelines as discussed above. The decision to obtain a preoperative electro-
cardiogram (ECG), echocardiogram, stress testing, and even coronary angiography 
should be directed by evidenced-based protocols for non-cardiac surgery. However, 
specific to spine surgery, special consideration should be given to patients with sig-
nificant restrictive lung disease as this may result in pulmonary hypertension or cor 
pulmonale. Preoperative assessment of functional activity may also be limited in 
these patients secondary to pain or myelopathy, therefore cardiac risk stratification 
based activity level (or METS achieved) may be more difficult to discern.

Spine surgery is usually performed in the prone position. This can lead to 
decreased venous return and left ventricular compliance, which can subsequently 
cause a reduction in cardiac output [50]. Therefore, a thorough documentation of 
prior cardiac history should be pursued, noting any structural or valvular defects. 
Prior ischemic heart disease and/or history of arrhythmias is also important to inves-
tigate. Many of these diagnoses have implications for perioperative anticoagulation, 
therefore a clear history should be obtained. Complex heart disease may also change 
the anesthetic plan, increasing the need for more invasive monitoring, vascular 
access, or even requiring the assistance of anesthesia teams specializing in cardiac 
anesthesia. Arranging this ahead of time, along with a thorough discussion of anes-
thetic risks can help ensure there is no day of surgery delay. Specific conditions, 
such as pulmonary hypertension and congestive heart failure can be especially asso-
ciated with increased perioperative morbidity and mortality [51]. Gathering medical 
records and engaging with a patient’s primary care provider, cardiologist, or pulmo-
nologist preoperatively to ensure optimization is critical, especially for more com-
plex or high-risk spine surgeries.

 Neuromuscular

Meticulous evaluation of preexisting neuromuscular symptoms is important in the 
preoperative evaluation of the spine patient. Existing motor or sensory deficits 
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should be clearly documented. This ensures that care can be taken during operative 
positioning and that the postoperative exam can be compared to preoperative exam. 
The presence of existing motor deficits, such as weakness, immobility or paralysis 
may change the anesthetic plan. For example, the anesthesiologist may choose to 
avoid the use of succinylcholine as these patients may have upregulation of acetyl-
choline receptors. The use of succinylcholine may precipitate a dangerous episode 
of hyperkalemia.

 Positioning Considerations

Most spinal procedures are performed in the prone position and as such, special 
considerations should be evaluated preoperatively. Attention to preoperative skin 
bruising or limited neck or extremity mobility should be noted so that care can be 
taken intraoperatively. The anesthesiologist performing the case may choose to pro-
vide extra padding to sensitive areas and avoid manipulation of the neck or extremi-
ties that may cause pain when patient is awake. For lumbar and lower thoracic 
surgery in the prone position, the arms may be tucked at the sides or placed in the 
“prone superman” position [50].

As above, prone positioning can also have effects on cardiovascular physiology. 
Abdominal compression can cause a decrease in venous return, resulting in decreased 
cardiac output and intraoperative hypotension. Preoperative screening should be 
sought to identify patients more at risk for intolerance of decreased venous return 
(e.g., those with valvular disorders, hypertrophic cardiomyopathy, etc.). Attention 
should also be given to patients with implantable devices such as pacemakers or 
implantable cardioverter defibrillators (ICDs). Depending on the underlying indica-
tion for placement, pacing dependency, and make/model, a coordinated plan should 
be developed with the patient’s cardiologist. Magnet placement may be difficult or 
susceptible to malposition in the prone position. Preoperative reprogramming with a 
device representative may need to be coordinated prior to surgery. Prone positioning 
is also a risk factor for perioperative vision loss (POVL) [52]. This risk should be 
discussed with patients during their preoperative visit. An overview of the intraopera-
tive considerations for POVL is provided later in this chapter.

 Blood Bank Coordination

Complex spine surgery can be associated with significant blood loss. As previously 
mentioned, preoperative evaluation should include anemia screening and optimiza-
tion with oral or IV iron as needed. For most spine surgery, a type and screen sample 
should be sent at their preoperative visit. If blood antibodies are identified during 
the preoperative type and screen, coordination with the blood bank should ensure 
that an adequate supply of type-specific blood is available. Certain types of spinal 
tumors are especially high risk for hemorrhage, (e.g., renal cell, melanoma, and 
sarcoma metastasis) and consideration should be given to preoperative tumor 
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embolization [48]. Cell saver may also be requested preoperatively. Preoperative 
autologous blood donation is not routine in all surgical centers; however, it may be 
considered for patients having complex spinal procedures where estimated blood 
loss is anticipated to be at least 500–1000 mL [53].

 Pain Assessment

Attention should also be paid to chronic pain medication use and its effectiveness. 
Since spinal surgery can be associated with an increased need for postoperative 
analgesia, documenting baseline preoperative opioid use can be important in calcu-
lating perioperative opioid requirements. Evaluating the preoperative analgesic 
regimen effectiveness can also be done by using the Visual Analogue Score (VAS) 
Pain Assessment [54]. If ineffective pain control is noted, preoperative referral to a 
pain specialist may be helpful. For patients receiving chronic opioids, there should 
be consideration given to weaning and titration of non-opioid agents in conjunction 
with a pain specialist. If there is any concern for addiction, placing a preoperative 
referral to an addiction specialist is recommended.

 Preoperative Testing

Preoperative testing should be deliberately ordered based on a patient’s medical his-
tory, comorbidities, and the complexity of the planned surgery. Establishing a for-
malized set of guidelines or laboratory testing grid helps to ensure appropriate 
studies are performed and avoids the ordering of unnecessary tests [55]. Usually a 
baseline hemoglobin level, platelet count, and serum chemistry panel (including 
creatinine and electrolytes) are obtained on most spine surgery patients. Besides 
simple spine procedures, most spinal surgery requires a preoperative type and 
screen as well. As above, cardiac testing such as ECG, echocardiogram, and stress 
test should only be obtained based on the updated ACC/AHA guidelines. Women of 
childbearing age should be screened with a preoperative pregnancy test. An exam-
ple of a preoperative testing order grid is shown in Table 15.1.

 Informed Consent and Discussion of Anesthetic Risks

Discussion of the anesthetic plan and informed consent should be included in the 
preoperative clinic visit [48]. Patients should be informed of potential plans for 
extra vascular access, such as additional peripheral IVs, arterial lines, or possibly 
central venous catheters. The risks of anesthesia and spine surgery-specific risks 
should be discussed thoroughly. Albeit rare, prone positioning carries a unique set 
of risks including pressure or nerve-related injuries and POVL. The preoperative 
clinic visit is also an appropriate time to ensure the patient has capacity to consent 
and that advanced directives have been arranged [48].
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Table 15.1 Sample preoperative testing order grid

CBC

PTT/
PT/
INR BMP

Heparin 
assay
(UFH)

Type & 
screen

Preg 
test ECG

Patient-specific factors
Cardiovascular disease (other than 
well-controlled HTN)
Poorly-controlled HTN is >140/90 
OR <140/90 on ≥2 medications)

X X X

Pulmonary disease (other than 
mild-moderate asthma)

X X

Cerebrovascular disease (CVA, TIA) X X X
  History of bleeding disorders X X
Diabetes mellitus (POC glucose 
always checked on DOS)

X X

  History of renal dysfunction/failure X X
  History of liver dysfunction/cirrhosis X X X
Pacemaker/defibrillator X
AGE >65 for intermediate or 
high-risk procedure

X

  Female pts ≤60 unless hysterectomy 
or post-menopausal for 1 year

X

Medications
  Chemotherapy within last 6 months 
or any anticoagulant

X

  Use of diuretics, digoxin, potassium, 
ACEI or ARB

X

  Coumadin therapy (INR only, PTT 
not necessary)

X X

  Heparin therapy (PTT no longer 
needed, heparin assay preferred)

X X

Procedure-specific factors
Neurosurgery procedures-all except 
shunts, rhizotomy, DBS, intrathecal 
pumps

X X X

 Preoperative Introduction to Enhanced Recovery After Surgery

ERAS pathways are evidence-based, integrated, multidisciplinary protocols used to 
guide the perioperative management of surgical patients. Originally designed to 
speed recovery and minimize the surgical stress response in patients undergoing 
colorectal surgery, ERAS pathways have since been developed for several surgical 
specialties [56, 57]. The preoperative clinic visit is an excellent time to introduce the 
concept of ERAS. In accordance with these pathways, patients should be advised on 
smoking and alcohol cessation, postoperative pain expectations, and the overall 
pain management plan. Institutional preoperative fasting policies should also be 
discussed. Usually patients are asked to abstain from eating solids for 6–8 hours 
preoperatively; however, many ERAS protocols advocate for hydration and encour-
age consumption of a carbohydrate-loaded clear liquid 2–3 hours prior to surgery. 
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ERAS protocols often incorporate multimodal analgesia to minimize opioid require-
ments, and it is common to administer analgesics by mouth on the day of surgery. 
The preoperative clinic visit is an ideal time to discuss the preoperative administra-
tion of these agents and screen for any contraindications. Furthermore, providing 
patients with a written copy of the ERAS plan can improve compliance and satisfac-
tion with the perioperative experience [47]. The remaining sections will review 
intraoperative anesthetic management principles for spine surgery in the context 
of ERAS.

 Tenets of Anesthetic Intraoperative Management and Spine 
ERAS Pathways

 Background

Despite a growing interest in enhanced recovery, the application of ERAS princi-
ples to spine surgery has only recently gained popularity. Given that spine surgery 
is often associated with a prolonged recovery period requiring intensive rehabilita-
tion and pain management, the adoption of ERAS initiatives has the potential to 
improve outcomes and decrease rates of complications [58]. Because spine surgery 
includes procedures of varying degrees of complexity and invasiveness, there are 
different levels of surgical stress response activation and thus several options for 
surgical and anesthetic techniques. This heterogeneity has likely contributed to the 
delay in developing a “one size fits all” ERAS pathway for spine surgery [59]. 
Acknowledging this, there are some common intraoperative elements of ERAS 
pathways that can be applied to spine surgery. Namely attempts to reduce the surgi-
cal stress response with minimally invasive techniques, goal directed fluid manage-
ment strategies, preservation of normothermia, and the use of multimodal analgesia 
including non- opioid agents [58, 60]. Separate from ERAS, there are unique con-
siderations in spine surgery that require special attention from anesthesia provid-
ers. These include the choice of anesthetic technique, management of massive 
blood loss, and risk for POVL. The following sections will review the intraopera-
tive components of ERAS relevant to spine surgery and highlight examples of 
published pathways.

 Anesthetic Technique

There is no consensus on the optimal anesthetic technique for patients undergoing 
spine surgery. Available options include general anesthesia, monitored anesthesia 
care (MAC), or neuraxial (spinal or epidural) anesthesia. Each of these techniques 
is associated with advantages and disadvantages. While general anesthesia allows 
for a secure airway and motionless operating environment, it may be associated 
with more hemodynamic changes and higher rates of postoperative nausea and 
vomiting (PONV). Alternatively, MAC and neuraxial anesthesia can be performed 
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without manipulating the airway but may be associated with patient movement. 
Because of patient comfort, a neuraxial technique may be more appropriate in 
shorter, minimally invasive procedures. In high-risk patients undergoing lumbar 
spine surgery, performance of the procedure under spinal anesthesia is associated 
with better perioperative hemodynamic stability, shorter duration of surgery, and 
lower PONV rates than when performed under general anesthesia [61]. Similarly, a 
meta-analysis of randomized controlled trials comparing perioperative outcomes in 
lumbar spine surgery under spinal anesthesia versus general anesthesia concluded 
that spinal anesthesia offers several hemodynamic advantages in this patient popu-
lation [62]. Despite these results, there remains heterogeneity in the anesthesia tech-
nique recommended in published ERAS pathways.

 Fluid Management

The goal of intraoperative fluid management is maintenance of euvolemia. The 
application of goal directed fluid therapy strategies has been associated with 
improved perioperative outcomes [63–65]. While dynamic assessment of fluid 
responsiveness with stroke volume variation or pulse pressure variation may allow 
for an individualized fluid strategy, this has not been universally adopted. In gen-
eral, it has been recommended to administer a maintenance rate of balanced crystal-
loid at 2–3 mL/kg/h with additional boluses of fluid as needed to treat hypovolemia 
[64]. A fluid strategy including both crystalloids and colloids may minimize the 
development of tissue edema.

 Perioperative Vision Loss

POVL is a feared complication of spine surgery. It occurs with a frequency of 
0.013–1% of cases [66]. The etiology of POVL is multifactorial and is variously 
attributed to ischemic optic neuropathy, central retinal artery occlusion, central reti-
nal vein occlusion, cortical blindness, direct compression, and other causes [66]. 
Risk factors for the development of POVL include male gender, prolonged operat-
ing times, prone positioning, anemia, hypotension, obesity, use of the Wilson frame, 
and greater blood loss [66, 67]. To minimize the development of POVL, it is recom-
mended to periodically monitor hemoglobin or hematocrit values in high-risk 
patients with substantial blood loss and transfuse as appropriate. If possible, high- 
risk patients should be positioned so that the head is level or higher than the rest of 
the body. Additionally, treatment of hypotension and evaluation of the patient’s face 
and neck is warranted [68]. Direct pressure on the eyes should be avoided, and 
deliberate hypotension should be employed only if the anesthesiologist and surgeon 
agree that its use is essential.
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 Analgesia

 Multimodal Analgesia

As introduced in the preoperative section, multimodal analgesia strategies are 
important components of many ERAS programs. The principle behind multimodal 
analgesia is achievement of pain management without a large reliance on opioids. 
This is often accomplished by administering several medications with different 
mechanisms of action and pharmacologic effects. In theory, such a strategy allows 
for effective analgesia and minimizes the negative effects of opioids, such as overse-
dation, ileus, nausea, respiratory depression, and addiction [69]. While a single best 
regimen has not been identified, acetaminophen, nonsteroidal anti-inflammatory 
drugs (NSAIDs), gabapentinoids, ketamine, muscle relaxants, local anesthetics, and 
neuraxial anesthetic techniques are often included in multimodal protocols [70–73]. 
These agents may be especially efficacious in patients with chronic pain who have 
previously been exposed to opioids.

Within spine surgery, acetaminophen, NSAIDs, gabapentinoids, neuraxial anes-
thesia, ketamine, and long-acting local anesthetics have all been found to reduce 
narcotic requirements and postoperative pain [70, 71]. A meta-analysis of 10 RCTs 
assessing the efficacy of preoperative gabapentin in spine surgery concluded that 
gabapentin was effective in reducing postoperative opioid consumption, VAS 
scores, and several postoperative side effects [74]. A meta-analysis of 14 random-
ized controlled trials concluded that supplemental perioperative ketamine reduces 
postoperative opioid consumption up to 24  hours following spine surgery [75]. 
Administration of a perioperative IV lidocaine infusion reduced pain scores and 
resulted in significantly improved quality of life scores at 1 and 3 months postopera-
tively in patients undergoing complex spine surgery [76]. Ketorolac is an NSAID 
that is commonly used to treat postoperative pain. As it has been implicated in 
inhibiting osteogenesis, the use of ketorolac in spine surgery is limited. Notably the 
results of a meta-analysis of five retrospective comparative studies concluded that 
short-term (<14 days) exposure to normal-dose ketorolac (<120 mg/day) was safe 
after spinal fusion while short-term exposure to high-dose ketorolac (>120 mg/day) 
increased the risk of nonunion [73, 77]. A large prospective randomized controlled 
trial designed to evaluate the effect of ketorolac on fusion rates is ongoing [78].

While there is high quality evidence that supports the administration of many of 
the individual medications included in multimodal regimens, there seems to be 
insufficient or conflicting evidence on the effectiveness of these medications when 
included within a multimodal pathway [70]. For example, Maheshwari et al. per-
formed a randomized controlled trial to examine the effectiveness of a combination 
of four non-opioid analgesics versus placebo on Quality of Recovery scores, post-
operative opioid consumption, and pain scores in adults undergoing multilevel spine 
surgery who were at high risk for postoperative pain [71]. In their study, an 
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analgesic pathway based on preoperative oral acetaminophen and gabapentin, com-
bined with intraoperative infusions of lidocaine and ketamine did not improve day 
3 Quality of Recovery scores, reduce pain scores, or reduce 48-hour opioid con-
sumption. The results of this study suggest that further investigation into the effec-
tiveness of multimodal analgesic strategies within spine surgery is needed.

 Opioid-Free Analgesia

The complete elimination of opioids may represent the next frontier in spine surgery 
analgesia. Soffin et al. retrospectively evaluated an opioid-free analgesic regimen 
within an established ERAS pathway for lumbar decompressive surgery [79]. The 
authors compared perioperative opioid requirements in a matched cohort of patients 
managed with traditional analgesic regimens that included opioids. Their opioid- 
free regimen included preoperative oral acetaminophen, oral gabapentin, and mid-
azolam. Intraoperatively, the patients received infusions of propofol, ketamine, and 
lidocaine in addition to inhalational anesthesia up to 0.5 minimum alveolar concen-
tration (MAC). Dual antiemetic therapy with dexamethasone and ondansetron were 
administered, and ketorolac was given during surgical closure. All patients received 
subcutaneous infiltration with 10 mL of 0.25% bupivacaine following fascial clo-
sure and immediately prior to skin closure. Patients in the opioid-free analgesia 
group had a significant reduction in their total perioperative opioid consumption and 
did not have any adverse effects on postoperative pain scores, opioid requirements, 
or recovery [79].

 Bleeding During Spine Surgery

Spine surgery has the potential for substantial blood loss. Effective planning and 
communication among all members of the care team can reduce perioperative 
bleeding, morbidity, and mortality [80]. Significant blood loss causes anemia, coag-
ulopathy, hypotension, and organ dysfunction [81]. Furthermore, excessive bleed-
ing requires allogenic blood transfusion, which has been associated with surgical 
site infections, lung injury, hypersensitivity reactions, immune modulation, and 
increased hospital length of stay (LOS) [80, 82, 83]. Perioperative bleeding in spine 
surgery increases the risk for spinal epidural hematoma formation, which can cause 
spinal cord compression [82]. Adopting a liberal perioperative blood transfusion 
strategy (≥10 g/dL intraoperatively or ≥8 g/dL postoperatively) is associated with 
increased costs in patients undergoing spine surgery [84].

 Monitoring for Blood Loss

Rotational thromboelastometry (ROTEM) is a rapid, real-time viscoelastometic 
method for hemostasis testing in whole blood. ROTEM allows for evaluation of the 
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interaction between multiple coagulation factors and cellular components during 
both the coagulation and lysis phases [85]. In this way, providers can identify the 
specific deficiency in the coagulation pathway and provide an individualized treat-
ment [80]. In major spine surgery, the use of ROTEM-guided transfusion allows for 
standardization of transfusion practices [85]. Furthermore, the use of ROTEM dur-
ing thoracolumbar deformity correction is associated with lower transfusion require-
ments [86].

 Pharmacologic Agents to Mitigate Blood Loss

Excessive fibrinolysis has been implicated as a factor exacerbating blood loss in 
spine surgery. Antifibrinolytic agents work to decrease bleeding via inhibition of 
clot breakdown [87]. Antifibrinolytics such as aprotinin, tranexamic acid (TXA), 
and epsilon-aminocaproic acid have been shown to reduce perioperative blood loss 
and transfusion requirements in patients undergoing spine surgery [82, 88]. 
According to the results of a recently published meta-analysis of randomized con-
trol trials, TXA may be the most efficacious agent in reducing total blood loss, 
intraoperative blood loss, and blood transfusion [82]. Furthermore, there was no 
evidence from this analysis that the use of these agents was a risk factor for throm-
boembolism in spine surgery. While the optimal dosing and duration is still unclear, 
it is recommended that all patients undergoing major spine surgery receive a loading 
dose of TXA at incision followed by a maintenance infusion during the case [64, 88].

 Hypotensive Anesthesia for Reducing Blood Loss

It is thought that controlled hypotension reduces blood extravasation and local 
wound blood flow [89]. While this technique may help reduce bleeding from soft 
tissues, both epidural venous plexus pressure and intraosseous pressure are more 
important determinants of blood loss during spine surgery, and these are both inde-
pendent of arterial blood pressure [80, 89]. The major risks associated with con-
trolled hypotension are impairing end-organ perfusion, especially the optic nerve 
and the spinal cord [80, 89]. This technique should only be performed if agreed 
upon by both the surgeon and anesthesiologist.

 Bleeding and Temperature Management

Intraoperative hypothermia is a multifactorial clinical entity, caused by a low oper-
ating room (OR) temperature, administration of room-temperature IV fluids, evapo-
ration from surgical wounds, and impaired thermoregulation from induction of 
general anesthesia [80]. Hypothermia is known to impair the function of platelets 
and enzymes of the coagulation cascade. Reductions in body temperature may also 
disrupt thrombin and fibrinogen synthesis [90]. In a pooled population of surgical 
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patients undergoing several procedures, even mild hypothermia (34–36 °C) signifi-
cantly increased surgical blood loss and the relative risk for transfusion [91]. Despite 
this, the association between intraoperative hypothermia and increased bleeding in 
spine surgery is less clear. The results of some studies support this association while 
others do not [90, 92, 93]. Although further evaluation of this relationship is war-
ranted, maintenance of normothermia is recommended as hypothermia is associated 
with an increased rate of mortality and complications in surgical patients [94].

 Positioning Strategies for Minimization of Blood Loss

The prone position often required during spine surgery can be associated with 
increased bleeding. The epidural veins are connected to the inferior vena cava 
through a valveless venous system. When prone, intraabdominal pressure increases 
and causes compression of the vena cava. This will result in an increase in the epi-
dural venous system pressure and increase the risk for intraoperative bleeding [89]. 
The reverse Trendelenburg position decreases central venous pressure (and subse-
quently epidural venous pressure) and can potentially reduce intraoperative blood 
loss [80]. In a study of 108 healthy patients undergoing elective prone spine surgery, 
the use of a Jackson table, compared with the Wilson frame or chest rolls, was asso-
ciated with a significantly lower intraabdominal pressure [95]. In patients using a 
Wilson frame, both intraabdominal pressure and intraoperative blood loss were sig-
nificantly less when using a wide pad support versus a narrow pad support [96].

 Examples of Published Spine ERAS Protocols

As discussed previously, there is no generally accepted single ERAS pathway for 
spine surgery. Published protocols vary in their choice of anesthetic technique, mul-
timodal analgesic regimen, and approach to fluid management. The following sec-
tion highlights some of these pathways.

Dagal et  al. developed an enhanced perioperative care (EPOC) pathway for 
patients undergoing major spine surgery [97]. Intraoperative anesthetic elements of 
their pathway included standardized OR temperature management, total intrave-
nous anesthesia (TIVA) with propofol, remifentanil, and ketamine infusions, multi-
modal analgesia, goal directed fluid administration with stroke volume variation or 
pulse pressure variation-guided resuscitation, and routine administration of 
TXA. The establishment of their EPOC program was associated with a reduction in 
mean hospital LOS, intensive care unit LOS, and average cost. Wang et al. imple-
mented a “fast track” program for patients undergoing minimally invasive transfo-
raminal lumbar interbody fusion [98]. Intraoperative elements of this program 
included the use of endoscopic decompression, injections of liposomal bupivacaine 
for long-acting analgesia, and performing the surgery under sedation. Although 
supplemental oxygen was administered, patients’ airways were not manipulated. 
Patients were sedated with IV infusions of propofol and ketamine; no opioids were 
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administered. Compared with patients undergoing conventional minimally invasive 
transforaminal lumbar interbody fusion, patients in the ERAS group had less intra-
operative blood loss, a shorter hospital LOS, and lower total cost for the acute care 
hospitalization. Ali et al. conducted a prospective cohort study comparing outcomes 
of patients undergoing elective spine or peripheral nerve surgery following imple-
mentation of an ERAS protocol compared to a historical control cohort [99]. 
Pathway elements include multimodal analgesia with gabapentin, acetaminophen, 
muscle relaxants, NSAIDS, infiltration of long-acting local anesthesia at the time of 
surgical closure, and minimization of opioids. In this study, the ERAS protocol 
improved postoperative mobilization and reduced opioid use in both the periopera-
tive period and at 1-month after surgery.

Soffin et al. performed a retrospective cohort study examining the impact of an 
ERAS pathway on 61 patients presenting for microdiscectomy or lumbar laminec-
tomy/laminectomy [59]. Patients received multimodal analgesia with acetamino-
phen and gabapentin. Although a TIVA technique using propofol and ketamine 
infusions was preferentially used, up to 0.5 MAC of inhaled agent was permitted to 
achieve the desired depth of anesthesia. Additional non-opioid analgesia with ketor-
olac and IV lidocaine was administered. The choice and dose of intraoperative opi-
oids was left to the discretion of the anesthesiologist. Infiltration of the surgical 
incisions with local anesthesia was performed at the end of the procedure. 
Implementation of their pathway was associated with a short LOS, minimal compli-
cations, and no readmissions within 90 days of surgery. Grasu et al. reviewed the 
postoperative outcomes before and after the implementation of an enhanced recov-
ery after oncologic spine surgery program [100]. Their pathway advocated for mul-
timodal analgesia with acetaminophen, tramadol, and gabapentinoids along with a 
TIVA technique using infusions of propofol, lidocaine, ketamine, and dexmedeto-
midine, epidural analgesia or liposomal bupivacaine for surgical wound infiltration, 
goal directed fluid therapy, maintenance of normothermia, and a restrictive blood 
transfusion trigger with TXA administration. In this study, patients in the enhanced 
recovery group had a trend toward better pain scores and decreased opioid con-
sumption compared with patients in the pre-enhanced recovery group.

In another study, Soffin et al. designed an enhanced recovery pathway for 1- and 
2-level open lumbar fusion [101]. As with other pathways, patients received multi-
modal analgesia with oral gabapentin and acetaminophen. A TIVA technique using 
propofol, dexmedetomidine, and ketamine infusions was preferentially used, and up 
to 0.3 MAC of isoflurane was permitted to achieve the desired depth of anesthesia. 
Additional non-opioid analgesia with ketorolac, ketamine, and IV lidocaine was 
administered. Opioid administration was permitted at the discretion of the anesthe-
siologist, with a suggested limit of 2 mg of hydromorphone. This pathway did not 
include goal directed fluid administration or a formal assessment of volume status. 
Versus usual care, patients in the enhanced recovery group achieved statistically 
significant gains in early recovery, although a significant clinical impact was not 
demonstrated.

Finally, Smith et al. evaluated the impact of their ERAS program for 1–2 level 
lumbar spine fusion surgery [102]. In this pathway, patients received preoperative 
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acetaminophen and gabapentin and standard antiemetic prophylaxis intraopera-
tively. Patients with chronic pain or those receiving opioids received IV ketamine 
with induction of anesthesia; however, there were no specific guidelines for intraop-
erative opioid use. The protocol did not include intraoperative fluid or hemody-
namic parameters. Authors found no impact on hospital LOS or postoperative pain 
scores but noted a significant decrease in the use of postoperative opioids and rescue 
antiemetics. Overall, while ERAS programs are being increasingly applied to spine 
surgery, further research is required to identify the optimal care pathway in this 
heterogenous patient population.

 Conclusion

Patients undergoing spine surgery are at risk for significant morbidity and mortal-
ity. Providers must carefully consider both patient-specific and procedure-specific 
risk factors. A system-based approach to preoperative optimization is recom-
mended. Although the widespread application of ERAS principles to spine surgery 
is in its early stages, these strategies have the potential to improve several clinical 
outcomes.
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16ICU Care for the Spine Patient

Jia W. Romito  and Bryan T. Romito

Spine patients in the intensive care unit (ICU) generally include two groups of 
patients: postoperative patients after elective spine surgery and patients who have 
acute spinal cord injury (SCI). Patients are more likely to require critical care ser-
vices after spine surgery if they have advanced age, increased comorbidity burden, 
increased surgical invasiveness, and development of postoperative complications 
[1]. Patients with SCI are more likely to need admission to the ICU if they have high 
cervical SCI, complete SCI, advanced age, history of cardiopulmonary disease, and 
need for significant respiratory support [2]. Every spine patient in the ICU has criti-
cal care needs specific to their individual comorbidities, their expected clinical 
course based on their admitting diagnosis, and their potential to develop complica-
tions. Comprehensive critical care is provided using a system-based approach. This 
chapter will discuss these systems in separate sections.

 Neurological System

 Neurological Exam

Spine patients in the critical care unit receive serial neurological evaluations. New- 
onset neurologic deficits require attention and further evaluation with imaging to 
rule out acute spinal cord compression or nerve root compression to assess if surgi-
cal intervention is needed [3, 4]. In the postoperative spine patient these evaluations 
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include level of consciousness, orientation, and bilateral upper and lower extremity 
motor/strength and sensation testing. In patients with SCI, the International 
Standards for Neurological Classification of Spinal Cord Injury represents the gold 
standard assessment for documentation of the level and severity of a spinal cord 
injury [5]. This was formulated as a result of collaboration between the International 
Standards Committee of the American Spinal Injury Association (ASIA) and the 
International Spinal Cord Society. The assessment is a detailed strength and sensory 
exam to evaluate the level of the neurological injury, complete or incomplete injury, 
the ASIA Impairment Scale (AIS) Grade, and the zone of partial preservation. A 
proper neurologic assessment always includes a rectal examination because sacral 
sparing has prognostic significance in the patients with SCI [6]. Acute cerebral isch-
emia and seizures can also occur in both groups of spine patients given the acute 
change in medical condition which requires intensive care in addition to individual 
predisposing comorbidities.

In patients with SCI, there are additional considerations for the neurological 
exam. Traumatic brain injury can occur concurrently with SCI. Spine immobiliza-
tion should be maintained until definitive treatment. There is no evidence to recom-
mend the routine use of steroids in order to improve functional recovery in this 
setting [4, 7].

 Pain Management

Patients who undergo spine surgery typically require intensive pain management for 
acute postoperative pain in the setting of preexisting chronic pain. Patients who 
have preexisting chronic pain may have tolerance to narcotics and non-narcotic 
analgesics, complicating pain management. Immediately after spine surgery, there 
is often intense acute pain for the first three days. Adequate pain management in this 
period has been shown to correlate well with improved functional outcome, early 
ambulation, early discharge, and prevention of the development of chronic pain [8]. 
A multimodal pain regimen combining opioids and non-opioid analgesics can 
effectively control pain [8]. Opioids may be administered on a scheduled regimen, 
as needed, or utilizing a patient-controlled analgesia (PCA) pump. Common choices 
for non-opioid analgesics include muscle relaxants, nonsteroidal anti-inflammatory 
drugs (NSAIDs), acetaminophen, gabapentinoids (gabapentin/pregabalin), and ket-
amine. Continuous wound infiltration and/or epidural delivery of local anesthetics 
can also be utilized to reduce postoperative pain [8–10].

In addition to treatment of somatic and neuropathic pain with a multimodal regi-
men similar to that mentioned above, patients with SCI require treatment of spastic-
ity. Oral baclofen and tizanidine are recommended as first treatments in SCI related 
spasticity, with intrathecal baclofen shown to also reduce autonomic dysreflexia 
[11, 12]. Orthoses, daily passive muscle stretching, and exercises to strength the 
muscle groups can aid in the management of spasticity, given the concern for spas-
ticity to develop into chronic contractures [13].
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 Mobility, Therapy, and Rehabilitation

Physical and occupational therapists work with spine patients to evaluate mobility, 
balance, ambulation, and to assess for assistive device needs. Additionally, these 
therapists work with patients to perform their activities of daily living. Assessment 
of home layout and evaluation of caregiver support availability are completed prior 
to discharge from the hospital. Mobility during the daytime contributes to normal 
sleep-wake cycles, thus reducing delirium. It also decreases the risk of development 
of atelectasis, venous thromboembolic (VTE) disease, pressure sores, and musculo-
skeletal problems related to prolonged bedrest [13–16].

 Delirium

Delirium has been noted to affect as many as 87% of patients in the ICU, and the 
incidence of postoperative delirium after spinal surgery ranges from 0.49% to 21% 
[17–19]. Predisposing patient factors for the development of delirium include older 
age, cognitive impairment, functional dependence, alcohol and drug abuse, and sig-
nificant underlying comorbidities such as sensory impairment, diabetes, anemia, 
and malnutrition [17–21]. For those who undergo spine surgery, intraoperative fac-
tors include increased duration of surgery and the need for blood product transfu-
sion [16, 17]. Furthermore, any acute change in medical status, especially one 
requiring ICU admission, can increase risk of developing delirium. Examples 
include hemodynamic instability, cardiopulmonary insufficiency, abnormal labora-
tory data, need for blood transfusion, and iatrogenic administration of certain medi-
cations such as opioids, benzodiazepines, and anticholinergics [16, 18, 19, 22]. 
Overall, early recognition of patients at an increased risk for delirium increases 
providers’ ability to institute timely preventative and treatment strategies.

Effective treatment of delirium is mostly non-pharmacologic and includes main-
taining a consistent family presence, decreasing polypharmacy, and encouraging a 
normal sleep-wake cycle. Patients should participate in activity during the day and 
minimize disruptions at night [16, 22, 23]. Correcting abnormal laboratory values 
and treating dehydration also reduces the incidence of delirium [19, 23]. In patients 
who require mechanical ventilation, daily spontaneous awakening trails, daily spon-
taneous breathing trials, and overall reduction in sedative use allows for early mobil-
ity with therapy services. This is associated with better clinical outcomes and a 
reduction in delirium [19, 24].

 Cardiovascular System

Patients may have underlying comorbidities which predispose them to the devel-
opment of arrhythmias or hemodynamic lability. Such baseline conditions include 
chronic hypertension, diabetes, coronary artery disease, congestive heart failure, 
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and chronic/paroxysmal arrhythmias. The physiological stress of surgery also 
increases the risk of hypotension, hypertension, new-onset arrhythmia, heart fail-
ure, and myocardial injury [25]. The goals of hemodynamic optimization are to 
preserve spinal cord perfusion, minimize postoperative surgical bleeding, and 
provide adequate end-organ perfusion. While hypertension can increase the risk 
of surgical site bleeding, it also increases myocardial demand and the risk for 
stroke. Conversely, hypotension increases the risk of ischemia to the spinal cord 
and end organs.

All patients in the critical care unit are monitored with continuous telemetry and 
serial blood pressure evaluations as the standard of care. Blood pressure is moni-
tored either continuously using an arterial line or serially from a non-invasive blood 
pressure pneumatic cuff. Adequate perfusion is evaluated with serial neurological 
exams, serial laboratory tests, and frequent urine output. Further hemodynamic 
components that are routinely monitored and optimized include intravascular vol-
ume status, cardiac output, and global oxygen delivery.

 Postoperative Cardiac Considerations After Spine Surgery

Protocol-based blood pressure goals have been shown to improve outcomes after 
elective spine surgery [25–27]. While there is not a consensus for an overarching 
post-spine surgery blood pressure target, the hemodynamic goals should take into 
consideration individual comorbidities, spinal cord perfusion, organ perfusion, and 
complications arising from both hypotension and hypertension [25].

Perioperative cardiac events are the leading cause of death following non-
cardiac surgery. Major adverse cardiac events (MACEs) include myocardial 
infarction, cardiac arrhythmias, and cardiac arrest [28]. The postoperative median 
time period to develop myocardial infarction after elective spine surgery is 
approximately two days, affecting 1%–2% of patients [29]. Patients who are 
male with comorbidities of advanced age, obesity, diabetes mellitus, hyperten-
sion, anemia, chronic renal insufficiency, and a history of cardiac disorders are 
more likely to develop MACEs after spine surgery [30–32]. Intraoperative risk 
factors include larger surgeries with at least two levels of spinal fusion and intra-
operative blood transfusion [30, 31]. MACEs can present with dyspnea and 
angina, abnormalities in continuous telemetry, acute electrocardiogram changes, 
and cardiac enzyme elevation. Transthoracic and transesophageal echocardiogra-
phy can provide further information on the etiology and response to treatment. 
Although individual patient factors must be considered, the general treatment 
strategy for acute postoperative myocardial infarction includes administration of 
oxygen, nitroglycerin, morphine, beta blockade, and aspirin. The decision to pro-
ceed with emergent coronary revascularization with cardiac catheterization 
should take into consideration the need for periprocedural anticoagulation and 
postrevascularization antiplatelet therapy, both of which can increase the risk of 
postoperative bleeding [33].
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 Cardiac Considerations After Spinal Cord Injury

In order to ensure adequate spinal cord perfusion, current guidelines recommend 
maintaining a mean arterial blood pressure >85–90 mmHg for at least the first week 
after an acute SCI, past the time when spinal cord edema and vascular congestion 
are expected to be maximum [4, 34, 35]. Patients with SCI are at risk for spinal 
shock, neurogenic shock, and autonomic dysreflexia. Patients with SCI above the 
splanchnic sympathetic outflow (T5–T6) have pooling of blood within the venous 
system and decreased cardiac return, resulting in systemic hypotension. SCI above 
the level from which the cardiac accelerator nerves arise (T1-T4) directly contrib-
utes to decreased cardiac output and hypotension. Hypotension can also occur due 
to hemorrhage, pneumothorax, myocardial injury, pericardial tamponade, sepsis, 
abdominal injury, adrenal insufficiency, and other traumatic insults. These patients 
may present with bradycardia or arrhythmias due to direct loss of sympathetic input 
to the heart [4, 6]. In addition to managing the direct cause of hemodynamic insta-
bility, the Consortium for Spinal Cord Medicine guidelines suggest that cervical and 
thoracic injuries through T6 should be treated with vasoactive mediations that pro-
vide inotropy, chronotropy, and vasoconstriction. Either dopamine or norepineph-
rine are suggested as first-line vasoactive agents [4, 36, 37].

Orthostatic hypotension is common in patients with SCI and can be addressed 
with both nonpharmacologic and pharmacologic interventions. Nonpharmacologic 
treatment includes lower limb compression with graduated elastic stockings and 
elastic wraps, abdominal binders, adequate hydration, and gradual attainment of an 
upright position. Medication regimens can include fludrocortisones, midodrine, or 
ephedrine. Orthostatic hypotension should be aggressively managed as it impedes 
mobilization, rehabilitation, and recovery [6, 38].

 Respiratory System

The respiratory system consists of the upper respiratory tract and the lower respira-
tory tract. The upper respiratory tract includes the airway structures of the nasal 
passages, oropharynx, and larynx above the vocal cords. The lower respiratory tract 
includes the larynx below the vocal cords, trachea, bronchi, bronchioles, and alve-
oli. Spine patients in the ICU can have difficulty with oxygenation and ventilation 
due to pathology in the upper respiratory tract, the lower respiratory tract, or both. 
Standard monitoring in the intensive care unit includes continuous pulse oximetry. 
To further evaluate the respiratory system, arterial blood gases and chest imaging 
are commonly utilized.

 Airway Compromise After Spine Surgery

Patients can have baseline conditions that predispose them to upper respiratory tract 
complications after spine surgery. These include advanced age, morbid obesity, 
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prior smoking, obstructive sleep apnea, pulmonary disease, cervical myelopathy, 
and prior anterior cervical spine surgery [39, 40]. Intraoperative anesthetic and sur-
gical events can increase the likelihood of postoperative upper respiratory tract 
complications. These include difficult airway, multiple intubation attempts, more 
than 300 mL of blood loss, prolonged procedures more than five hours, the type of 
surgical method, exposing more than three vertebral levels, and surgery that includes 
C2, C3, or C4 [39–41].

A rare but potentially lethal complication after anterior cervical spine surgery is 
respiratory compromise from airway obstruction. This is most likely to occur in the 
first 12–72 hours postoperatively. It may require emergent reintubation and has been 
reported to occur in 6.1% of patients following anterior cervical spine surgery [41]. 
Although airway obstruction is most likely due to the development of laryngopha-
ryngeal edema, wound hematoma, abscess, cerebrospinal fluid collection, vocal 
cord dysfunction, and construct failure can also contribute. If there is concern for 
airway compromise, then an endotracheal tube cuff leak test or fiberoptic bronchos-
copy can further assess airway patency prior to extubation. An endotracheal tube 
exchanger can be used as a placeholder in the trachea at the time of extubation to 
facilitate reintubation if necessary [39].

 Lower Respiratory Tract Complications After Spine Surgery

Lower respiratory tract complications after spine surgery include acute respiratory 
failure, atelectasis, pleural effusion, pneumonia, pleural effusion, and pneumotho-
rax [42–44]. Patients may have inherent comorbidities that predispose them to pul-
monary complications in the lower respiratory tract after spine surgery. These 
comorbidities include advanced age, scoliosis causing restrictive lung disease, his-
tory of smoking, chronic obstructive pulmonary disease, asthma, pre-operative oxy-
gen dependence, obstructive sleep apnea, poor baseline functional status, and 
diabetes [42, 43, 45]. There are procedure-related factors that may increase the risk 
of pulmonary complications following spine surgery. For example, a prolonged 
duration of surgery is associated with an increased risk. Furthermore, corrective 
surgery for spinal deformities can utilize a technical approach that invades the tho-
racic cavity. This invasion of the thoracic cavity can lead to lobar collapse. 
Diaphragmatic manipulation or irritation during surgery can cause postoperative 
pleural effusions. Intraoperative blood transfusions and aggressive volume resusci-
tation can lead to fluid shifts resulting in pulmonary edema. Prolonged surgical 
immobility and postoperative pain can increase atelectasis. The combined immobil-
ity from both the intraoperative period and the postoperative period increases the 
risk of pulmonary embolism (PE). Early mobilization and aggressive respiratory 
care can reduce several of these postoperative pulmonary complications [46–48].
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 Respiratory Care in Spinal Cord Injury

Patients with acute SCI require significant respiratory care and are at a high risk for 
respiratory complications. Baseline respiratory parameters should be obtained and 
monitored continuously. Standard respiratory care for patients with SCI includes 
frequent suctioning, using manually-assisted coughing to augment weak accessory 
muscles to expel retained secretions, pulmonary hygiene, and mechanical 
insufflation- exsufflation [4].

If intubation is necessary, then spine immobilization must be maintained if spinal 
cord instability is present [6]. Up to 100% of patients with cervical SCI require 
intubation and mechanical ventilation [6, 49]. Additional risk factors for intubation 
include advanced age, underlying respiratory pathology, and tachypnea on admis-
sion [2]. Weak or absent cough reflex, loss of accessory respiratory muscle function, 
diaphragmatic dysfunction, and weakness of abdominal muscles leads to aspiration, 
reduced tidal volumes, atelectasis, mucus plugging, and pneumonia. Additionally, 
patients with SCI can develop pleural effusions, pneumothorax, acute respiratory 
distress syndrome (ARDS), acute lung injury (ALI), transfusion-related acute lung 
injury, and pulmonary thromboembolism.

In patients without ALI or ARDS, larger tidal volumes may be utilized to titrate 
to a patient’s respiratory mechanics, reduce atelectasis, and progress with weaning 
trials. Patients who develop ARDS or ALI should utilize mechanical ventilation 
with a lower tidal volume and a lower plateau pressure to reduce mortality [35, 50, 
51]. Readiness for weaning from mechanical ventilation is indicated by sufficient 
vital capacity, improved secretions, ability to cooperate, upper airway patency, chest 
radiography without acute findings, and an improving mechanical ventilation sup-
port requirement [52]. Patients with complete SCI, especially cervical SCI, and 
those with significant concurrent injuries are more likely to undergo a tracheostomy 
given the increased likelihood of prolonged mechanical ventilation [35].

 Renal System

Spine patients may have baseline comorbidities that mandate closer monitoring of 
their renal function, including advanced age, diabetes mellitus, hypertension, 
chronic kidney disease, and end-stage renal disease. During any surgical procedure, 
patients can develop hypotension from anesthetic medication effects, blood loss, 
and insensible free water losses. These can be exacerbated in prolonged spinal sur-
gery procedures or those with significant intraoperative or postoperative bleeding. 
Accordingly, patients may present with acute kidney injury, urinary retention, and 
electrolyte derangements that require frequent serum chemistry evaluation and 
close monitoring of urine output.
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 Acute Kidney Injury

Acute kidney injury (AKI) is a common complication in hospitalized patients, with 
an incidence of 3–10% [53–57]. Patients who develop AKI have in-hospital mortal-
ity rates as high as 30–70% [54, 58–60]. In general, AKI can result from prerenal, 
intrinsic renal, and postrenal etiologies. The most common causes of these include 
renal hypoperfusion, administration of nephrotoxic medications, and urinary tract 
obstruction respectively. Close monitoring of urine output ensures a more appropri-
ate volume status and has been associated with improved detection of AKI and 
reduced 30-day mortality in patients experiencing acute kidney injury [61]. 
Adequate urine output is typically defined as 0.5–1 ml/kg/hr to ensure perfusion, 
although each patient’s comorbidities should be evaluated closely to individualize 
this target [62]. Over-resuscitation can result in volume overload, hypertension, 
hypoxemia, and exacerbation of congestive heart failure.

 Electrolyte Disorders

Electrolyte disorders are common in patients in critical care and can cause increased 
morbidity and mortality [63, 64]. Patients are at an increased risk for electrolyte 
disorders if they have underlying diabetes, hypertension, and chronic renal insuffi-
ciency. Periprocedural blood loss requiring transfusion, various types of intravenous 
fluid resuscitation, and osmotic diuretics affect the physiologic electrolyte balance. 
Overall, electrolyte disorders increase the risk for the development of delirium, sei-
zure, coma, cardiac arrhythmias, respiratory failure, gastrointestinal dysmotility, 
and cardiac arrest [63, 65, 66].

 Urinary Retention

Postoperative urinary retention (POUR) is the most frequently reported genitouri-
nary complication after spine surgery, with an incidence ranging from 5–38%. 
Patients are more likely to develop POUR if they are older, male, have a history of 
AKI, urinary tract infection (UTI), benign prostatic hypertrophy, hypertension, or 
diabetes mellitus. POUR can lead to the development of UTI, sepsis, and increased 
length of stay [67]. Indwelling urinary catheters can relieve bladder distention and 
are useful to closely monitor urinary output. Once close monitoring of the urine 
output is no longer necessary, the indwelling urinary catheter should be removed 
because their prolonged use can increase the risk of UTI. Intermittent catheteriza-
tion of the bladder can be initiated if necessary following removal of the indwelling 
catheter.

Patients with SCI can have neurogenic bladder due to the loss of reflex activity 
in the lower genitourinary tract. This loss of ability to spontaneously void leads to 
urinary retention, with bladder distention being one of most common causes of 
autonomic dysreflexia [4, 68]. Similar to patients with POUR, the use of indwelling 
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urinary catheters can relieve bladder distention but should be removed when close 
monitoring of urinary output is no longer necessary [68].

 Gastrointestinal System

Spine patients can have dysmotility in the upper and/or lower gastrointestinal tract. 
This commonly presents with nausea, vomiting, ileus, or diarrhea. Further evalua-
tion may be necessary to rule out more significant causes for dysmotility such as 
infection, mechanical obstruction, acute colonic pseudo-obstruction, hemorrhage, 
and peritoneal wall rupture. Adequate nutrition and appropriate blood sugar control 
are vital to ensure wound healing and decreasing the risk of infection.

 Dysphagia

Spine patients with dysphagia are at increased risk of pulmonary aspiration. These 
patients may be unable to swallow altogether or have trouble swallowing food and 
managing their secretions. Risk factors for spine patients to develop dysphagia 
include advanced age, weak or absent cough, anterior cervical spine surgery, cervi-
cal SCI, and prolonged respiratory failure [4, 69, 70]. It is imperative to identify 
dysphagia early in order to initiate timely evaluation and intervention by speech 
pathologists. These efforts can reduce the risks of aspiration, chemical pneumonitis, 
and pneumonia [4, 69]. Speech therapists can evaluate for dysphagia with a bedside 
swallowing examination, videofluoroscopic swallowing study, and fiberoptic endo-
scopic examination of swallowing.

 Postoperative Ileus

Ileus is a relatively common postoperative finding after elective spine surgery, 
occurring in approximately 3.5% of patients undergoing lumbar spine surgery 
[46, 71]. Preoperative risk factors include chronic anemia, alcohol abuse, chronic 
lung disease, fluid/electrolyte disorders, and recent weight loss [71]. Intraoperative 
surgical factors that increase the risk and duration of postoperative ileus include 
multiple fusion levels, increased surgical blood loss, and increased intestinal 
manipulation from an anterior approach [71, 72]. In addition, all types of anesthe-
sia have an effect on bowel motility [73, 74]. The use of postoperative opioids for 
analgesia has an inhibitory effect on gastric motility [74]. Providing medications 
for symptom management, correcting abnormal serum electrolytes, and minimiz-
ing agents that exacerbate symptoms can prevent or reduce the more significant 
complications of aspiration, underfeeding, and decreased mobility [75]. Early 
ambulation has been postulated to have a prokinetic effect on the gastrointestinal 
system, and this may also help to reduce rates of delirium, atelectasis, and VTE 
[13–16, 22, 23, 46, 76].
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 Neurogenic Bowel Dysfunction

Patients with SCI commonly have loss of colonic motility control. The presence or 
absence of the bulbocavernosus reflex indicates upper motor neuron versus lower 
motor neuron bowel dysfunction. Early in the treatment course, a bowel regimen 
should be created and titrated to the needs of each patient depending on the presen-
tation of constipation or diarrhea. The goal is to have one bowel movement per day, 
with a combined regimen of oral medications, suppositories, and digital stimulation 
[4, 77]. Constipation and impaction are some of most common causes of autonomic 
dysreflexia in patients with SCI at level T6 or above. If a patient presents with diar-
rhea, a rectal tube may be a useful temporary measure while the etiology is evalu-
ated, which may include medication effect, electrolyte abnormality, or infection [4].

 Glycemic Control and Nutrition

Hyperglycemia, diabetes, and malnutrition have been associated with adverse out-
comes in both patients after elective spine surgery and those with SCI. Patients with 
diabetes have been reported to have an increased risk of infection, including surgical 
site infections, ventilator associated pneumonia, and catheter-related bacteremia. 
There is increase in adverse complications especially in patients who have serum 
blood sugars >200 mg/dL [4, 78–81]. The goal of glycemic management is eugly-
cemia, targeting blood glucose values <180 mg/dL. Early enteral nutrition should be 
initiated in both patients with SCI and those after elective spine surgery to reduce 
complications and improve outcomes [4, 82–84]. In patients with SCI, this has been 
associated with an improvement in wound healing, reductions in infectious compli-
cations and gastric stress ulceration, and a lower incidence of hyperglycemia [4, 84].

 Hematologic System

In spine patients, there is a need to balance pathologic bleeding and increased 
thromboembolic risk, both of which are associated with morbidity and mortality. 
Bleeding can cause or exacerbate neurological deficits, MACEs, hemodynamic 
instability, and progressive coagulopathy. VTE disease can cause morbidity from 
post-thrombotic syndrome involving local tissues from deep venous thrombosis 
(DVT) or increase mortality rates from PE.

 Hematologic Considerations After Spine Surgery

The incidence of VTE after spine surgery has been reported to occur in up to 31% 
of patients, with the rate of DVT ranging from 0.3–15.5% and the rate of PE ranging 
from 0.06–18%. Fatal PEs represent about 6% of all PEs that occur after spine sur-
gery [85–87]. Patients are at an increased risk of VTE if they are male, older, obese, 
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have baseline dependent functional status, or have a history of malignancy, hyper-
tension, transient ischemic attack, or stroke. Longer operative time, perioperative 
blood transfusions, and lumbar spine surgery further increase the risk of postopera-
tive VTE [88–92]. Prolonged postoperative immobilization increases the risk of 
VTE, while early ambulation can decrease the incidence of VTE [46, 88]. Mechanical 
and chemical thromboprophylaxis interventions include the use of intraoperative 
and postoperative elastic stockings on the legs, intermittent pneumatic compression 
devices, early mobility, and administration of unfractionated heparin or low molec-
ular weight heparin [93].

Conversely, patients who undergo spine surgery can experience morbidity and 
mortality due to acute anemia blood loss, coagulopathy, hemodynamic instability, 
and MACEs. Formation of an epidural hematoma can require emergent surgical 
evacuation and risks permanent neurological damage. For these reasons, the risk of 
bleeding should be balanced with the risk of VTE for each patient’s comorbidities, 
surgical procedure, and postoperative needs.

 Hematologic Considerations in Spinal Cord Injury

Patients with SCI are at a high risk of developing VTE within the first week of 
injury. Advanced age, malignancy, and concurrent injuries increase the risk of 
developing VTE [35]. Early administration of thromboprophylaxis within 72 hours 
of the initial injury is recommended after SCI if there are no contraindications. This 
includes mechanical and chemical thromboprophylaxis interventions such as inter-
mittent pneumatic compression and low molecular weight heparin or unfractionated 
heparin [4, 6].

Potential contraindications to the administration of chemical thromboprophy-
laxis include inadequate hemostasis, intracranial bleeding, neuraxial hematoma, or 
hemothorax. If patients have active bleeding for more than 72 hours, then inferior 
vena cava filter placement may be needed. Once hemostasis is achieved, then chem-
ical thromboprophylaxis should be initiated as soon as possible [4]. Inferior vena 
cava filters are not recommended as a routine prophylactic measure in SCI patients. 
These filters can be utilized in patients who have VTE despite anticoagulation and 
for those with contraindications to mechanical and chemical thromboprophy-
laxis [6].

 Infectious Disease Considerations

Spine patients in the ICU can have infectious disease considerations affecting the 
spine as well as other organ systems. The former includes incisional and soft tissue 
infections, deep infections, vertebral osteomyelitis and discitis, central nervous sys-
tem abscesses, and spinal hardware infections. The latter includes pneumonia, uri-
nary tract infections, line-associated infections, bacteremia, infectious colitis, and 
pressure ulcers.
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All spine surgical procedures carry a risk of post-procedural infection. 
Postoperative spine infection rates have been reported to be up to 20% of spine 
surgeries. Patients with advanced age, diabetes, developmental delay, immunosup-
pression, obesity, smoking, and malnutrition are at an increased risk of infection. 
Spine surgeries for trauma/SCI, instrumentation placement, increased blood loss, 
and a prolonged operative time further increase the risk of infection [78, 94–97].

Patients with an infection at the site of the surgical procedure will present with 
persistent, progressive back pain out of proportion to the physical findings. The pain 
may radiate to the buttock, thigh, leg, groin, perineum, or abdomen. Constitutional 
symptoms are not consistently present. Superficial, skin, and soft tissue infections 
may present with redness, swelling, or purulent drainage at the incision site, how-
ever less than 10% of surgical incisions will present in this manner [78, 94]. The 
presence of a neurologic deficit should raise suspicion for an epidural abscess. 
Postoperative infections after anterior cervical procedures may present with painful 
swallowing due to development of a retropharyngeal abscess [78]. Further evalua-
tion including laboratory, imaging, and surgical exploration may be necessary to 
delineate between the different differential diagnoses [94].

 Infectious Disease Evaluation

Laboratory evaluation often includes a complete blood count with differential, 
erythrocyte sedimentation rate, C-reactive protein, and blood cultures. Serial assess-
ment of these parameters may help providers identify an evolving infection and 
monitor the effectiveness of their treatment. Blood culture data can help direct 
appropriate antimicrobial therapy based on local infectious patterns [78, 97, 98].

Imaging modalities include plain radiographs, computerized tomography (CT) 
scans, and magnetic resonance imaging (MRI). Negative plain radiographic find-
ings do not exclude infection [78]. Spine CT can show bony destruction, soft tissue 
collections, erosive changes at the endplates, and loss of intervertebral disc space 
[78, 94]. MRI with gadolinium enhancement is the preferred imaging modality to 
visualize postprocedural spine infections and is able to clearly delineate epidural, 
subfascial, and subcutaneous abscesses [78, 94, 96–98].

 Infectious Disease Treatment Principles

Effective treatment of post-neurosurgical infections requires that antimicrobials 
penetrate the blood-brain and blood-CSF barriers. Certain antimicrobials are report-
edly effective in the in vitro setting but should not be used in practice as they do not 
adequately penetrate the CNS. Additionally, biofilms on hardware are more difficult 
for antimicrobial medications to penetrate [94]. Tissue biopsy or needle aspiration 
of purulent material can aid in providing a microbiological diagnosis to direct anti-
microbial therapy [78, 94]. Treatment length is based on clinical, laboratory, and 
radiographic responses.
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As discussed previously, other infectious disease considerations can include 
pneumonia, UTIs, line-associated infections, bacteremia, and pressure ulcers. The 
risk of pneumonia can be reduced with pulmonary toilet, respiratory therapy, moni-
toring for aspiration, and early mobilization [42–44, 46–48]. The majority of UTIs 
occur in the setting of POUR and indwelling urinary catheters [67]. Removal of 
lines and catheters as soon as possible can reduce the risk of UTIs and other line- 
associated infections. Pressure ulcers and foot drop injuries can be mitigated with 
frequent turning, orthoses, and early mobility [13]. Finally, early administration of 
appropriate antibiotics, infectious source control, and intravascular volume resusci-
tation are crucial to improve morbidity and mortality in patients with sepsis and 
septic shock [99].

 Conclusion

Overall, spine patients in the intensive care unit represent a complex, heterogeneous 
patient population. Diligent monitoring, early recognition, and timely management 
of complications are essential. Providers should consider a systematic evaluation of 
patients’ care needs given the potential for morbidity and mortality.
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17Postoperative Care of the Spine Surgery 
Patient

Lori A. Tappen

Post-operative care of the surgical spine patient starts before the surgery has ever 
taken place and varies with the type of surgery, extent of surgery, the comorbid 
conditions of the patient and the patient’s willingness to be an active participant in 
their own care. Without prior planning, education, and setting of expectations, even 
the most simple day surgery procedure can turn in to a fiasco.

Successful surgical outcomes depend on meeting or exceeding patient, surgeon 
and hospital expectations. These expectations need to be clear, well defined and 
understood prior to the surgery. In order to create a predicable or near predictable 
outcome for the patient, prior planning and education is a must. Generally speaking 
there are three basic groups of non-trauma spine surgery: degenerative, deformity 
and spinal tumors. Patient care is tailored to meet the patient’s needs to ensure opti-
mal outcomes. Realistic expectations and goals need to be set along with expecta-
tions of functional outcomes, postoperative care, medication usage postoperatively, 
and the length of stay in the hospital. In the following chapter the postoperative care 
of the surgical patient will be broken down by minimally invasive surgeries of the 
degenerative nature which require no to one inpatient day stay to the more compli-
cated and invasive deformity surgeries and spinal tumor surgeries that require sev-
eral days’ inpatient stay and more intensive inpatient care.

 Preparation for Surgery and Postoperative Care

Patient preparation for surgery is more than getting that pre op clearance and mak-
ing sure that they arrive at the hospital on time the day of surgery. As with any 
procedure, education is paramount [3]. The educational process not only includes 
the patient, but also their caregivers and the nursing staff that will be caring for 
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them. Proper preparation in the beginning will prevent serious downfalls later and 
will also provide a better patient experience and outcome. Knowing what the patient 
expects is extremely important. Setting realistic expectations in the beginning with 
the understanding of what the functional capacity should be post operatively, as well 
as what the surgery, hospitalization, post-operative care and medication usage will 
look like will provide a more predictable outcome and improved patient 
satisfaction.

 Expectations

Will the surgery cover the symptoms, all of them, some of them? How much pain 
should I expect postoperatively? What is the procedure and how do you do it? How 
many days will I be in the hospital? What medications do I go home on? Will I be 
normal after this? How long is the recovery? What are my restrictions? The list is 
extensive and the more detailed the plan and the setting of honest and accurate 
expectations in the beginning will prevent a lot of hard work later. Most patients do 
not realize that some surgeries may leave them in increased pain afterwards for a 
few days to weeks. Make sure that the expectation is not to awaken in PACU pain 
free. Post-operative pain can be the same, less, more or even different- all of which 
can be normal for the spine surgery patient. Reassure the patient that the pain will 
be helped with mediations in the postoperative phase.

 Education

Describing the process from the moment the patient agrees to surgery to the last 
expected post op appointment will give the patient a sense of control. Having the 
patient become an active participant in their own care helps to solidify the patient’s 
commitment to the success of the surgery. The more actively the patient engages in 
the process the better the outcome [7]. If the patient is reluctant to actively engage 
in their care, there are programs available to help promote patient buy in. Sometimes 
psychiatric evaluations and counseling are beneficial especially for the more inva-
sive deformity surgeries. There are programs designed to prepare the patient for the 
pre and post-operative phases of surgery such as the ERAS (Enhanced Recovery 
after Surgery) programs [6] or POSH (Perioperative Optimization of Senior Health) 
programs. POSH / ERAS program protocols can be designed and made specific for 
any specialty for any institution using evidence based medicine. The institutions 
work to design a program that will provide step by step instructions on what to 
expect the day of surgery and walk the patient through the check in process, the 
preoperative day surgery area, the intubation, the actual surgical procedure and the 
post anesthesia care unit as well as post-operative home care–all of which helps to 
alleviate patient anxiety. Whether using a formal program, packets of information or 
face to face education; the better prepared the patient the better the outcome.
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 Aftercare

Before the surgery has been done surgical after care needs to be discussed. The limi-
tations for recovery need to be evaluated and preparations need to be made. 
Limitations include patient perception of surgical outcomes as well as the social 
setting around the patient and their comorbid health issues. If the patient requires a 
prolonged admission in the hospital, a skilled nursing unit, in patient or outpatient 
rehab, or home health; decisions need to be made and facilities notified as there are 
criteria that have to be met by many insurance carriers prior to the admission or 
discharge to a facility. Unfortunately in today’s environment, insurance carriers 
control much of patient care. Insurance carriers now determine which surgeries will 
be able to have the patient admitted into the hospital and which will not. There are 
also rules regarding a patient being admitted and having to meet requirements of 
length of stay or physical ability before transfer. Up front planning and familiarity 
with the insurance carriers and their requirements will help for a smooth transfer of 
postoperative care if needed.

The degenerative surgical conditions rarely require an overnight stay in the hos-
pital and most are considered outpatient surgeries by the insurance carriers. 
Occasionally, the day surgery procedures may require a patient to be kept overnight 
for observation for pain, limited mobility, lack of support at home, age of patient, or 
medical health issues that occur during the perioperative and immediate post- 
operative period. Making nursing staff familiar with Orthopaedic or neurosurgery 
spine surgery post-operative recovery is imperative. Other than the standard admit 
orders and medications, the nursing staff need to know what an emergent situation 
is and what is considered a normal postoperative issue. Sudden changes in sensa-
tion, inability to palpate distal pulses, inability to urinate, breathing difficulties, 
marked bleeding and pain control are frequent issues in the post-operative spine 
patient. The deformity and more invasive surgeries may also require transfusion 
protocols and need the patient to be evaluated by Occupational and Physical therapy 
as well as a social worker for inpatient and discharge care. Detailed in patient 
instructions and orders for the postoperative spine patient will be addressed in future 
sections.

 General Care Instructions

 Inpatient Nursing

Pain is expected postoperatively. The nursing staff need to be aware of what type or 
intensity of pain is normal. Often spine surgery can leave the patient in more pain 
than what was present previous to the surgery. Recognizing the intensity and nature 
of the pain as normal or abnormal is essential. Post operatively the pain can be pres-
ent as it was prior to the surgical procedure, worse than prior to the procedure and 
even in a different pattern than prior to the procedure. Sometimes numbness and 

17 Postoperative Care of the Spine Surgery Patient



402

tingling can be present as well. Educating the patient and the nursing staff on what 
to expect will make the immediate postoperative time period smoother and less 
anxious for the staff and the patient. Controlling this pain and keeping the levels 
tolerable is important. Medication needs to be given in a manner that will cover the 
pain symptoms but will not cause the patient to go into respiratory distress. Pain 
medication in the in-patient setting are usually given orally, by injection or via a 
PCA pump. The medications that are used intravenously through a PCA are dosed 
in such a way to cause the patient to fall asleep before they can over self-medicate. 
Dosing is limited and the machine will lock the ability to deliver further doses of 
pain medication until a certain time period has elapsed. All patients who receive 
pain medications via the PCA pump need to be on monitoring for oxygen satura-
tion. In many facilities it is a requirement to also have the patient on 2L oxygen by 
nasal cannula when on a pain pump. Family members should never push the PCA 
pump for the patient as they risk causing an overdose of pain medications which can 
lead to respiratory arrest. Do not keep the patient on PCA for a prolonged amount 
of time. Patients should be moved to medications by mouth for pain as soon as pos-
sible. It is generally thought that post op day 1 or 2 transitioning to PO medications 
for pain should begin. Educating the patient prior to the surgical procedure and set-
ting definite boundaries of length of time for PCA type medications and then pain 
medications post op will help to guide the patient and family towards a more favor-
able experience and outcome.

Neuroleptics, anticonvulsants, some antiarrhythmic medications, steroids, anti-
depressants, Acetaminophen and Nonsteroidal anti-inflammatory medications 
(NSAID’s) are often used in place of or with opiod pain medications. Caution is 
needed with administration of these medications with preexisting liver or kidney 
disease. In the older or geriatric patient the effects of some of the medications can 
be more intense and lead to confusion or severe sedation. It is helpful with the inpa-
tient admission of the elderly or geriatric patient to get a geriatric medication 
consult.

Side effect profiles, medications interactions, and the type of surgery the patient 
has undergone are all pertinent to the patient’s medication regimen. Anticonvulsants 
are used for neuropathic pain and they suppress nerve activity and firing. 
Anticonvulsants can be very sedating and cause slowed mentation. Patients are 
often started on these medications at bedtime and the dose is slowly increased over 
a few days to help build tolerance to the side effects. Examples of anticonvulsants 
used for neuropathic pain are: carbamazepine, gabapentin, oxcarbazepine, and 
pregabalin,

It is thought that antidepressant medications may increase neurotransmitters in 
the spinal cord that reduce pain signals [4]. Common antidepressants used for pain 
are tricyclic antidepressants such as amitriptyline, nortriptyline, protriptyline, dox-
epin, imipramine, clomipramine and desipramine or serotonin and norepinephrine 
reuptake inhibitors such as venlafaxine, duloxetine, milnacipran, and desvenlafax-
ine. The mechanism of action is not understood fully and they do not work immedi-
ately. Because of the delay onset of action, many providers reserve these for the 
chronic pain management patients.
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When prescribing steroids to help with nerve pain from swelling and inflamma-
tion caution is needed for the patients who are immunocompromised, have diabetes, 
TB, ongoing infections, glaucoma, cataracts, osteoporosis, Addison’s syndrome, 
and stomach / duodenal ulcers to note a few. Patients need to be instructed to com-
plete the entire prescription or blister pack of steroids in order to avoid potential 
problems with the adrenal glands, which in some cases can be fatal. Tylenol, which 
is used for fever and as a pain medication alternate is not safe in patients with liver 
disease or liver failure. The NSAID group of medications, which also help with pain 
management and inflammation should be used with caution in diabetics, renal fail-
ure or chronic kidney disease, peptic ulcer disease, and in fusion surgeries or large 
deformity surgeries. In surgeries where the goal is to grow bone, the surgeon may 
not want to expose the patient to NSAIDs in the first 3 months of recovery. NSAIDs 
are believed to delay or even stop bone formation. In lesser deformity surgeries the 
NSAIDs are used in conjunction with the pain medications to synergistically help to 
decrease pain and pain medication use [5]. New studies are also indicating that the 
effects of extra strength Tylenol taken in conjunction with Advil have the same or 
better pain relief profile as Percocet without the addiction potential. Nonsteroidal 
anti-inflammatory use should always involve warning the patient to take food with 
the medications and to be alert for warning signs of gastric irritation or ulcerations.

At all times, the patients cognitive abilities can be affected by any or all of the 
medications. Elderly patients are also more susceptible to confusion, hallucinations, 
and to sun downing. The presence of infection can also alter mentation. Assessment 
of mentation needs to be done at regular intervals. If there is altered mental status 
the etiology needs to be determined. Infection work up and medication adjustment 
is to be made based on the mentation assessment.

The taking of the vital signs should be appropriate for the type of surgery. 
Degenerative cases that are being observed over night the usual every 4 hours is 
adequate. If the patient has had an event on the operating room table, a complication 
immediately post op, or has had a significant amount of blood loss- the vitals would 
be more frequent. During these assessments your nursing staff should be making 
notes of the patient’s mental status, alertness, and the Oxygen saturation levels 
(every patient on opioid medications should always be on O2 saturation monitor-
ing). Patients that are over medicated will usually have poor inspiratory effort, they 
will be lethargic and difficult to arouse or engage in conversation. Further evalua-
tion will be needed to rule out more serious issues such as pulmonary embolism 
and stroke.

It is rare for a degenerative spine surgery patient to require a postoperative drain, 
however in cases where the patient has a bleeding disorder or is on blood thinning 
medications a drain may be necessary. Some surgeons use drains on one level lum-
bar fusion for degenerative cases even if the drain is pulled the same day in order to 
avoid post op blood accumulation around the surgical site. An accumulation of 
blood or fluid within the surgical site can be painful. It becomes worrisome espe-
cially in cases where there has been a large area of decompression as the fluid can 
cause a mass effect on the spinal cord or exiting nerves. In the anterior cervical 
spine surgery bleeding can cause enough compression to compromise patient 
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breathing. In the smaller surgeries some fluid collection is normal and can often be 
seen on a post op MRI. Usually these small seromas will be reabsorbed by the body 
without intervention. If there is concern of neurologic injury or damage, or a com-
promise in the ability to breathe a patient can be brought back into surgery and have 
the seroma or hematoma washed out. Cervical hematomas are considered to be an 
emergent issue whereas lumbar are more urgent than emergent. Prolonged compres-
sion can cause permanent injury to the nerve or in the case of a large compressing 
cervical hematoma, death. If at the bedside and the patient begins to have severely 
compromised breathing from the anterior cervical bleeding, removal of the surgical 
sutures allowing the immediate drainage of the hematoma can be done at the 
bedside.

Fever is usually not seen immediately post op. If there is a fever immediately 
post op or in the first day or so after the surgery concern usually falls to the lungs as 
a cause. Pneumonia, aspiration and pulmonary embolisms are common causes. One 
of the most common causes of fever in the first 48 hours post-surgery is atelectasis. 
The further out from surgery other causes are more common. Urinary tract infec-
tions, in and out catheter related infections or infections from indwelling catheters 
can appear around post op day 3. Generally abscesses, wound infections, cellulitis, 
phlebitis, and blood stream infections occur a little later around post op day 5 on. At 
any time patients can run fever from medications cellulitis, blood stream infections, 
or blood products from transfusions. Of the causes of fever, atelectasis may be the 
easiest to prevent and if present treat. Patients should be instructed on the use of 
incentive spirometry. Encouraging the patient to breathe deeply and frequently until 
they are able to be up and ambulate regular is important. Failure to treat atelectasis 
can result in more serious lung infections such as bronchitis or pneumonia. Plenty 
of fluids and Tylenol along with the increased use of incentive spirometry will usu-
ally relieve the fever with in a day or so. Patients need to be educated that the opioid 
medications also contribute to poor respiratory effort and use should be limited as 
much as possible. Smoking and inactivity along with pain medications are a perfect 
storm scenario for atelectasis. The utilization of respiratory therapy for the inpatient 
setting can also be of benefit.

Postoperative activity for the inpatient and outpatient setting can be determined 
prior to the surgery with a Fall Assessment Risk. The assessment needs to be made 
again once the patient has recovered from the anesthesia. There are many factors 
that contribute to falls within the hospital and community setting and most are pre-
ventable or at the least reducible [2]. On the hospital floor, prior to a physical ther-
apy or occupational therapy evaluation the patient needs to be evaluated medically 
by the admitting doctor and the nursing staff. Lingering effects of anesthesia, 
impaired mentation, over medication / sedation, blood loss, pain medications, low 
blood pressure and possible new weakness or paresthesia from the surgery can 
cause a patient to fall. Recognizing these elements will prevent fall injuries. The 
post-operative activity level can also be changed depending on circumstances dur-
ing the surgical procedure. If a patient should have a Dural tear or nerve injury the 
surgeon may require that the patient remain in bed, sometimes lying flat or some-
times at a head elevation of 30 degrees. When this occurs the patient will need an 
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indwelling Foley placed. This time period can range from 24–72 hours depending 
on the severity of the injury to the dura or nerve. Once the patient is able to ambulate 
the Foley can be removed.

Anesthesia, medications, inactivity, prostatic hypertrophy, cauda equine syn-
drome and other comorbid conditions can cause postoperative complications of blad-
der or bowel incontinence, constipation, obstipation, and urinary retention. When 
these situations occur postoperatively the etiology will often dictate the treatment 
plan and options. For most men with prostatic hypertrophy the addition of an alpha-
blocker (a medication that relaxes the muscles in the prostate and bladder neck, mak-
ing it easier to urinate) is an option. With the addition of the medication, the wearing 
off of the anesthesia effect, decreasing the narcotic pain medications and increasing 
activity help to make this a temporary condition. If a patient is having difficulty uri-
nating immediately post op, doing an in and out catheter up to two times can be an 
option. If there is still an issue with urination, an indwelling Foley catheter may be 
placed for a few days. The patient should be instructed to follow up with urology for 
evaluation and removal of the Foley after discharge from the hospital. Examples of 
alpha blockers used for this purpose are tamulosin and alfuzosin. Anticholinergic 
agents are used to treat over active bladders, urge incontinence or incontinence. 
These medications work by relaxing the bladder muscle allowing the bladder to hold 
more urine. With urination there is a more complete emptying of the bladder. An 
example of this medication would be oxybutynin. Over sedated patients often have 
loss of bladder control as they are unable to awaken sufficiently to get to the bath-
room prior to losing control of the bladder. This is different from incontinence and 
can be corrected with decreasing the pain medications and / or sedating medications. 
As the patient becomes more awake, they will become more aware of bladder full-
ness in time to make it to the bathroom. To the other extreme is constipation and 
obstipation. Anesthesia and pain medications combined with inactivity slow down 
the gut. If a patient is to be on opiod medications or already has issues with constipa-
tion before anesthesia it would be best to start them on a stool softener. If the condi-
tion worsens after surgery laxatives and enemas may be used with caution. These 
medications work best with plenty of water or fluid intake. Orders should be avail-
able to the nursing staff to assist the patient with these issues on admission.

Surgical sites should be examined by the nursing staff on arrival to the floor and 
the next morning. The most common issue with the surgical site immediately post 
op is bleeding. Compression bandages are usually placed immediately post op and 
can usually be removed that evening or the next morning by the nursing staff. If 
there is an excessive amount of bleeding or discharge the dressings may be changed 
and compression reapplied. Limiting activity and icing the surgical site combined 
with the compression will help to decrease bleeding. If the patient has torn their 
internal sutures, external interrupted sutures can be placed to help control the extra 
bleeding. Rarely, the patient may need to be taken back into the operating room to 
repair the area of concern.

Tegaderm coverings are common over surgical sites and allow the patient to 
shower in the postoperative phase. This product is water resistant but not water-
proof. Patients are usually allowed to shower the next day after lumbar surgery with 
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the water hitting them anteriorly and only rinsing posteriorly. Cervical surgery 
patients are instructed to have the water hit at a level below the incision. Patient’s 
should not soak the area or allow the shower to pour directly over the tegaderm. 
There are many product type available including different types of skin glues for 
closure, but the care of the surgical site is essentially the same. Once, the patient has 
cleaned themselves, the surgical area is patted dry and then bracing if ordered may 
be reapplied. The tegaderm and skin glues are clear and allows the patient or the 
caretaker to exam the incision on a daily regular basis to inspect for bleeding, infec-
tion, irritation, or other concerning issues. This examination will provide early 
warning of concerning issues and allow for a more timely treatment window.

 DVT Prophylaxis

The risk of a deep venous thrombosis is not common, but can be a possible compli-
cation of spine surgery. Inactivity combined with the comorbidities of the patient 
contributes to the risk of DVT. Most hospitals have a DVT prophylaxis protocol in 
place. Compression devices, ted hose, early ambulation, and drug therapies such as 
warfarin help to prevent DVTs. Patients are kept under the DVT prophylaxis proto-
cols until they are up and ambulating on a regular basis. Patients and nursing staff 
need to be aware of symptoms of shortness of breath, chest pain, or painful swell-
ing, erythema, and heat of the calves, as this could be a sign of DVT. Patients exhib-
iting these signs need to be evaluated quickly. Patients are usually allowed to resume 
their home anticoagulant medications post op day three, sometimes bridging with 
alternate medications are done if there is a concern of bleeding at the surgical site.

 Bracing

Types of bracing and prescribed length of time of use for cervical and lumbar spine 
patient differ. Cervical spine patients that have had an anterior cervical fusion (one 
to three levels) or a total disc replacement (up to two levels) will often be placed in 
a neck brace immediately postop to prevent accidental injury to the patient’s cervi-
cal spine when transferring the patient from the operating table to the day surgery 
stretcher. Once the patient is fully awake the brace may be removed. Guidelines for 
length of time to wear cervical bracing for anterior cervical fusions vary from 2 to 
6 weeks, based on each surgeon’s preference regarding patient bone quality and 
other risk factors. Data has shown that the bracing of an anterior cervical fusion 
does not improve fusion rates and can be associated with other complications with 
extended wear times [1]. Posterior cervical fusions are thought to need bracing to 
protect the hard ware from becoming loose from stain of movement. With surgeries 
for degenerative conditions, the anterior cervical fusion patients are usually 
instructed to wear the brace in a moving vehicle only to prevent injury from whip-
lash. The brace is usually discarded after a 2–4 week period. Constant wearing of 
the neck brace is usually discouraged.
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Lumbar bracing varies with the intensity and type of surgery. In the degenera-
tive cases such as decompression laminectomies, discectomies and lumbar fusions 
(posterior/ anterior/ lateral / interbody) of 1–3 levels a hard brace is not always 
used. Deformity or tumor surgeries typically use hard bracing. These braces may 
cover from the lumbosacral spine all the way up to the thoracic spine. Length of 
use also varies depending on the severity and levels of surgery. Hard bracing can 
be used for 6 weeks to 3 months depending on surgeon preference and number of 
levels of surgery. Soft elastic binders with Velcro closures are often used in lieu of 
the hard brace for simple or degenerative cases. In this case, the concern is more 
about the hoop stress of the abdomen on the skin of the back. This hoop stress pulls 
on the surgical incision affecting the ability to heal the skin. A soft elastic wrap 
around binder that uses Velcro closure can provide additional support to the skin. 
Patients will like the binder as it does take pressure off of the low back. Patients are 
instructed to wear the binder 24 hours a day, 7 days a week for 3 weeks. They are 
allowed to remove the binder to shower or to have the binder cleaned. Once the 
patient is seen at follow up and the incision is healing, the binder may be discon-
tinued. Prolonged wearing of either type of binder past the prescribed time frame 
is discouraged as it will weaken or decondition the muscles of the back, causing the 
patient to ache more once it has been discontinued. Most binders are now latex 
free, however there are some patients that are sensitive to wearing binders. For the 
sensitive skin patient it is advised that they wear a T-shirt or cotton shirt under the 
binder to avoid contact with the skin.

 Discharge

Prior to discharge, patients need to be assessed by Occupational Therapy, Physical 
Therapy, and in some cases by a Social Worker. Home care and safety assessment 
need to be made. Patients with no home help or support may need home health visits 
or admittance to rehabilitation or nursing care facility. Prior planning before the 
surgery will help to make the transfer more seamless. Due to insurance carrier cri-
teria, some prerequisites need to be met. Length of stay, and physical limitations and 
abilities are some of the factors to determine if a patient can be admitted into a 
transitional facility. Whether the patient is transitioning to home or to another care 
facility the patient and the family are to be given discharge instructions on what to 
expect during the postoperative phase, follow up appointments, incisional / wound 
care instructions, physical restrictions, and warning signs of possible complications. 
If the patient is transferring to another facility a copy of these discharge instructions 
need to be included. Consultation with an inpatient physical medicine and rehabili-
tation team can also give reliable answer on where a patient would best recover after 
acute hospitalization. Recommendations could be any of the following skilled nurs-
ing, inpatient rehab, home health therapies and other services, and home with no 
additional care needed. Care coordinators are usually located on the floor can be a 
very useful tool for proper transition of care to facilities or to ensure that proper 
home care has been setup for patient.
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 Activity After Discharge

In degenerative surgeries the patients are usually able to be up and ambulating the 
day of surgery once the effects of the anesthesia have been cleared. Patient’s need to 
be cautioned to resume their activity slowly and to avoid strenuous activity for the 
next 6 weeks. Walking is usually the best form of exercise and is best done with 
gradually increasing the distance, time and intensity over a few weeks. As the 
patient experiences less pain and starts to gain more strength and endurance they 
can slowly increase the amount and distance of their walking. Even pavement or 
walking inside a building or mall is usually best. There will be days when the patient 
feels that they can increase the activity dramatically. Patient needs to understand 
that in the postoperative period of the next four months their activity can be increased 
on good days, but not excessively. Over activity on a good day will lend several 
painful bad days later. Each day will be different; the main idea is to adjust their 
activity accordingly. On bad days back off of the activity and on good days increase 
the activity but in a limited manner. The further out from the surgery, there will be 
less variation in the symptoms and abilities. Usually by four months postop most 
patients are doing quite well.

Neuropathic pain usually does not always resolve quickly. It can take a nerve up 
to 120  days to start the healing process once it has been relieved of pressure. 
Occasionally the patient may have the neuropathic pain resolve only to have it 
return. When this occurs without history of trauma, a good history of patient activity 
and home care is needed. Often, the patient has been over active and is not icing the 
incision. Deep tissue swelling can also cause pressure on the site of surgery causing 
the nerves or tissues to believe that they are being compressed much as they were 
with the pre surgery compression caused by disc, ligamentum flavum, bone, etc. 
The body senses post-operative deep tissue swelling and physical pressure from 
issues with the anatomy in the same way. Icing the skin 20 minutes every hour helps 
decrease the swelling of the deep tissue and helps to decrease the symptoms. When 
a patient ices the incision they need to be made aware to wrap the ice in a towel to 
protect the skin from damage. The skin requires time between icings to recover. 
Usually 45  minutes to an hour will be enough. This practice should continue at 
home on discharge for the first few weeks. If appropriate, anticonvulsant medica-
tions can help with the neuropathic symptoms.

Lifting restrictions are commonly put in place to prevent injury to the newly form-
ing bone herniated disc, or surrounding tissue and skin. Cervical fusion surgeries 
need to avoid lifting greater than 10 pounds and overhead lifting for the 6 weeks 
period. Lumbar fusions, decompressions and discectomies are limited to lifting of no 
more than 10–20 pounds for the 6 weeks period. Caution should be used with twist-
ing and bending as these activities put undue stress on the skin incision and can cause 
the incision to dehisce, cause sutures to be broken, and there can be bleeding. Open 
incisions can lead to infections. Twisting, bending and lifting can also cause a risk of 
re-herniating the disc if too much stress is placed on the disc in the post- operative 
period. In fusions, the new bone growth is sensitive to extreme stress. The newly 
forming bone can be fractured stopping the fusion process causing a pseudo arthrosis.
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The incision should be inspected daily by the patient or care giver. In surgeries 
the incision is typically covered with steri strips and then Tegaderm. The Tegaderm 
helps to protect the incision from infection and allows the patient to shower without 
fear of compromising the surgical site. Patients need to understand that this product 
is water resistant but not water proof. Showers are encouraged but absolutely no 
soaking in a tub or immersion in water. The Tegaderm is removed 7  days post- 
surgery or sooner if there is evidence of water leakage or large amounts of bleeding 
underneath. In some patients, skin sensitivity to the Tegaderm can develop. Those 
patients are instructed to remove the Tegaderm covering as soon as they have itch-
ing, redness, or blistering. Patients are generally instructed to not immerse the surgi-
cal site in water until instructed otherwise by the provider. Two to three weeks post 
op, the patient is seen in the office to evaluate the healing of the surgical incision and 
for removal of external sutures or staples if there are any. If external sutures or sta-
ples are removed, the patient should not immerse the incision for at least 24 hours. 
If there is scabbing or incomplete healing this will delay immersion longer. It is not 
uncommon for patients who are obese, immunocompromised, or who have poor 
nutrition to develop eschar or wet scar on the incision. Eschar healing is slower, 
there can be drainage and if the healing is delayed enough the incision can be pulled 
opened causing dehiscence. Patient will need to be trained to keep the area clean 
and dry, and understand that this is a delayed healing that now needs to be moni-
tored more diligently. Risk of infection is now greater as is the risk of fully dehisc-
ing the incision. Some practitioners will monitor the incision, keeping it clean and 
dry. Some prophylactically will cover the patient with antibiotics depending on their 
health status and the overall look of the incision. At this time, reviewing dietary 
needs such as sufficient amounts of daily protein intake are essential. There are 
many types of dressings and knowing the manufactures recommendations are 
important. Referral to a wound care clinic or specialist can also be helpful espe-
cially in the more difficult to heal cases. Occasionally, the patient may need to be 
brought back into surgery to debride and reclose the incision.

Over activity in addition to possibly causing the incision to dehisce can also 
cause bleeding. Small fluid collections (seromas) deep in the surgical site can leak 
to the surface of the incision. Patients have also been known to break their deep 
sutures and cause hematomas. Seromas and hematomas if large enough can cause 
increased pain as well as an opportunity for infection to occur. If the drainage is 
significant the patient needs to be examined in the office. The exact area of leakage 
can be determined by having a patient lay on a clean Abd pad for 5–10 minutes. At 
the end of the time, the pad can be examined for the exact area of concerned. Adding 
additional external sutures is an option. If the drainage is small enough, having the 
patient restrict activity, apply pressure to the incision along with icing the area will 
help to stop the bleeding. Often these patients are placed on prophylactic antibiot-
ics. If there is any question of infection- fever, feeling ill, erythema and heat from 
the incision, purulent drainage, etc. the patient should have blood markers taken as 
a base line. These labs should include but are not limited to Complete blood count, 
Sedimentation rate and C reactive protein. If an infection is suspected and the 
patient has had hardware implanted at the surgical site, a return to the OR to debride 
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and clean may be needed. If the infection has reached the level of the hardware, a 
consult to Infectious Disease is indicated and possibly removal of the infected 
hardware.

Driving a vehicle should never be done while taking pain medications. Reaction 
time, muscle strength and coordination need to be normal before attempting to 
drive. A common rule to prevent injury to the surgical area and to keep the patient 
safe is no driving for 1–2 weeks post op, depending on the type and intensity of the 
surgery. The no driving period may be extended even further out for the patients 
who have had tumor or deformity surgery.

 Pain Management and Poly Pharmacy

As previously discussed pain medications and pain management need to be 
addressed prior to the surgery and expectations need to be made clear. To avoid 
potential opioid abuse patients should be instructed to be using only one phar-
macy for their prescriptions. Many states have implemented secure sites to 
review a patient’s medication refill history. There are federal and state laws 
regarding the prescribing and refilling of opioid medications. Strict guidelines 
have been imposed to protect the patient and the practitioner from becoming 
entangled in an opioid abuse situation. Concurrent use of alternate non-opioid 
medications outlined in the previous section with continued use after discontinu-
ing the opioid medications will help to transition the patient to non-opioid pain 
control. Patients should be made aware that the plan is to stop the opioid medica-
tion as soon as is reasonably possible. Prolonged use of opioid medications will 
not be prescribed and that the expectation should be to have the opioid medica-
tions discontinued within a few days to a few weeks. The patient should be aware 
that some pain might continue to be present, but that pain will be treated with 
other modalities until they have healed. Make the patient aware that some post-
operative pain is normal and should be expected. With tincture of time they will 
soon be returning to their normal base line -which could be from a few weeks to 
a few months. For the more invasive surgeries recovery can often take up to a 
year or more. Physical therapy can be utilized at different stages of healing, pro-
viding techniques on daily activities of living, stretching and strengthening to 
more aggressive work conditioning programs when the patient is ready. As the 
patient progresses in their care, the level of pain will change. Medication man-
agement needs to be adjusted and decreased as appropriate, with the goal of stop-
ping all medications.

Many patients fear that the pain will be intolerable and so intense that they will 
not be able to cope. Not addressing these fears will increase the patient’s reluctance 
to reduce or stop narcotic medications. Fear of not getting a refill of narcotic medi-
cations will often lead to patient stock piling their medications in anticipation that 
they would be unable to get any further refills. Honest and direct communication is 
the only key to preventing these types of behaviors. If the patient exhibits intense 
concern about pain management it is prudent to get a psychological / behavioral 
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consult prior to proceeding with the surgery. The same plan would also apply to 
patients that are already on opioid medications and have been treated for pain for 
some time. Chronic pain management patients can be “detoxed” or weaned off of or 
decrease the use of their opioid medications prior to the surgical procedure. 
Decreasing these medications will reset the patients’ opioid level of tolerance and 
allow the practitioner better control of the opioid needs postoperatively.

Icing, early ambulation and proper body mechanics will help the body return to 
its baseline. Gradually increasing activity over time, limiting lifting, bending and 
twisting for several weeks postoperatively will allow proper healing and eventually 
decreased pain with increased activity or abilities.

Early on patients need to be educated on their physical limitations immediately 
postop and for the next few months. The goal is to prevent injury to the patient and 
to facilitate healing of the surgical site. Although a patient may be experiencing 
pain, they still need to become mobile. Lifting restrictions are usually placed on the 
patient to prevent injury to the healing surgical site. Cervical patients are usually 
limited to lifting up to 10 pounds with no overhead lifting. Lumbar patients are 
usually limited to 10–20 pounds lifting. These restrictions generally last for the 
first 6 weeks of the recovery phase, but depending on the severity of the surgery or 
the physical condition of the patient, these restrictions may need to be in place 
longer. As the patient heals, the ability to lift and be more active can resume slowly. 
Educating patients on a slow return to normal physical activity will prevent re- 
injury. In some case physical therapy or work conditioning may be necessary. With 
physical therapy, age appropriate care should be taken. The expectation is not to 
make every patient young again; it is to get them back to being active to where they 
can resume their normal activities of daily living. If one is not familiar with the 
physical therapist caring for their patient, and there is a concern of over doing 
therapy; try to pair older patients with older physical therapists or trainers and 
younger patients with younger therapists or trainers. In pairing this way, there is 
less likelihood of not having the patient injured from over an aggressive physical 
therapist.

 Complications and Emergencies After Discharge

Once the patient has been discharged home, the complications and emergency situ-
ations change from that of the inpatient status. Risk of DVT or PE is decreased but 
still present. Fevers, infections, pain control, mobility, self-care and medication 
issues become more common. Shortness of breath, chest pain, swelling of the 
extremities, difficulty swallowing, fever greater than 100 degrees Fahrenheit, inci-
sional changes, drainage, or acute changes in strength or mobility are emergencies 
that need to be evaluated. Providing the patient and their caregiver a list of the gen-
eral complications and emergencies with a way to contact the provider or their 
office is important. If the situation is severe or the patient believes that there is a 
possibility of loss of life, patients should be instructed to call 911 for emergency 
services and transport to a hospital first.
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18The Neurosurgical Management of Pain

Eric Montgomery, Cody Wolfe, Jeffrey Traylor, 
Salah G. Aoun, and Mazin Al Tamimi

 Introduction

Pain is a complex human experience informed by both its psychosocial components 
and the fundamental neurobiology of nociception. Although primarily treated phar-
macologically, many advances in neurosurgery provide treatment options to allevi-
ate refractory pain. To best understand these options, pain should be classified by its 
pathologic origin. Nociceptive pain results from activation of the A-delta and C 
fiber peripheral pain receptors to noxious stimuli. Neuropathic pain, on the other 
hand, is due to the disproportionate representation in the CNS of pain signaling, 
often due to injury of the somatosensory nervous system. Nociplastic pain is a 
recently defined, intermediary category of pain that involves altered nociceptive 
signaling, without activation of nociceptive receptors or injury to the somatosensory 
nervous system. Pain may also be categorized as primary or secondary. These 
encompass musculoskeletal diseases that may or may not stimulate nociceptors. 
Examples of primary pain conditions, which lack nociceptive signaling, include 
fibromyalgia, complex regional pain syndrome, and non-specific low back pain. 
Whereas secondary pain involves nociceptive signaling and may be due to chronic 
inflammation from crystal deposition, structural damage such as osteoarthritis, or 
diseases of the nervous system such as Parkinson’s disease or multiple sclerosis. 
Cancer-related pain falls under the purview of mixed pain as it frequently involves 
nociceptive and/or neuropathic pain depending on the location.
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The neurosurgical treatment of pain is divided into two primary strategies: ablation 
and neuromodulation. Historically, ablative procedures involve the destruction of a 
neural structure via coagulation or radiofrequency methods. Ablation targets are often 
inflamed or injured from neighboring structures, resulting in hyperactive nociceptive 
stimuli. Neuromodulation techniques are more recent and provide stimulatory input 
via an electrode to modulate the transmission of nociceptive stimuli anywhere from 
the periphery to the brain. Spinal cord stimulation (SCS), deep brain stimulation 
(DBS), and peripheral nerve stimulation (PNS) are neuromodulation procedures that 
hold great potential for analgesic therapy in the future. Additionally, direct administra-
tion of analgesic drugs into the intrathecal space provides effective relief for many 
patients and bypasses the compendium of systemic side effects accompanying these 
medications. Lastly, we will cover two classic pain conditions, trigeminal neuralgia 
and occipital neuralgia, whose neurosurgical treatment has been extensively studied.

 Spinal Ablative Procedures

Ablative procedures represent the first attempts to modulate the phenomenon of 
pain. Spiller and Martin reported in 1912 their employment of sectioning the antero-
lateral tract of the spinal cord to treat lower body pain [1]. Since then, sectioning has 
been attempted in a multitude of locations and with numerous methods, including 
knives, radioactive strontium needle, and electric current or radiofrequency elec-
trodes among others [2, 3]. The revelations by Melzack and Wall in 1965 repre-
sented a watershed moment in the understanding of nociception, and although most 
of the initial techniques are not used today due to lack of empirical support, some 
neuro-destructive procedures remain indicated for patients with refractory pain con-
ditions. Their use, however, is relatively limited compared to neurostimulatory pro-
cedures and intrathecal analgesia injection due to the lack of titratability and 
reversibility of the treatment. Nevertheless, the procedures covered below require 
an intimate and comprehensive knowledge of neuroanatomy to understand how a 
lesion at each specific loci affects the transmission of nociception.

 Anterolateral Cordotomy

 Overview
The target of an anterolateral cordotomy is the anterolateral spinothalamic tract 
(STT), whose fibers carry pain and temperature information from the contralateral 
half of the body. The function of sectioning these pathways is to control pain in all 
regions below the lesion on the opposite half of the body. An important anatomical 
nuance of the STT is that the primary afferent fibers, after entering the spinal cord 
via the Lissauer tract, ascend ipsilaterally for a few vertebral levels before forming 
synapses with second-order neurons in the substantia gelantosa or nucleus proprius, 
before crossing the anterior white commissure. Clinically, this means that a C1/2 
cordotomy will modulate pain sensation at C5 or below. Thus, the ideal candidate 
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for this procedure exhibits refractory cancer-related pain of the lower trunk and/or 
extremity [4]. Patients with non-cancer-related pain are not considered ideal candi-
dates due to their propensity for pain recurrence or emergence of neuropathic pain 
[4]. One contraindication unique to cordotomy surgery is poor respiratory function 
[5]. The spinal nuclei regulating autonomic breathing are adjacent to the STT in the 
craniocervical region and require great caution not to compromise during cervical 
cordotomies. A one-second forced vital capacity of at least 12  mL/kg is recom-
mended before undergoing surgery. Other contraindications for cordotomy when 
using the percutaneous technique include the inability to lie still for the entirety of 
the procedure or to accurately communicate changes in sensation.

 Percutaneous Versus Open Surgery
The operation can be carried out percutaneously or via open surgery, depending on the 
analgesic target region. Open cordotomies are approached via full or hemilaminec-
tomy, and after dural opening, the dentate ligament is sectioned at the target spinal 
level to allow for manipulation of the cord [5]. The medial pia must not be disrupted 
to ensure maintenance of the anterior spinal artery. Comparatively, percutaneous cor-
dotomy utilizes radiofrequency ablation and allows for the operation to occur while 
the patient is awake under local anesthetic. It is typically performed at the C1/2 inter-
space under the guidance of fluoroscopic or CT imaging, the latter of which has 
greatly reduced complication rates. After injecting intrathecal contrast dye via lumbar 
puncture, the needle is advanced to the spinal target before inserting a radiofrequency 
electrode. Procession of the electrode into the cord is charted via impedance mapping, 
with an increase in impedance from 300 ohms in the CSF to 700 signaling entry into 
the spinal cord [6]. Local spinal cord mapping is carried out via low- and high-fre-
quency stimulation, where low-frequency stimulation determines the motor threshold 
that reflects the distance from the corticospinal tract. High-frequency stimulation 
yields sensory changes in the contralateral half of the body and dictates position in the 
STT, at which point the needle is heated to 80 °C for 60 s [5].

 Complications
Cordotomy historically has a low complication rate at 5%, especially with the move 
away from open procedures [4]. The complication that surgeons most hope to avoid 
with cordotomy is pain re-emergence. Despite percutaneous and open cordotomy 
achieving pain relief in 90% and 77% of patients immediately after surgery, respec-
tively, only half of the patients maintain that relief after 1 year [4]. This is the main 
reason that patient selection is key. Cancer-related pain purports better results here 
in part due to the shortened life expectancy of the patients and thus less time for the 
pain to re-emerge. Even so, patients that do experience re-emergence of their pain 
still report that the procedure reduced their dependence on analgesic medications 
such as opiates [4]. Mortality in cordotomy patients (3%) is mostly a consequence 
of respiratory suppression (aka Ondine’s curse) due to the aforementioned proxim-
ity to the autonomic nuclei regulating breathing [4].

The most common complications observed reflect the functions of the neuroana-
tomical structures being manipulated. Compromised spinocerebellar tract or 
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corticospinal tract function results in ataxia or paresis, respectively, and fortunately, 
these impairments resolve rapidly in most patients (2.9–100%) [7]. However, a 
minority of patients may have lasting functional deficits (1–20%) [7]. Urinary reten-
tion or incontinence and permanent dysesthesias have also been reported in 11–33% 
and 7–11% of open cordotomy patients, respectively [4]. In percutaneous cordot-
omy patients, bladder dysfunction and temporary ipsilateral weakness are the most 
common complications, both occurring in 7.6% of patients [4]. Other reported com-
plications are likely due to lesioning of adjacent neuroanatomical structures, which 
may result in acquired sleep apnea, sympathetic dysfunction, and Horner syndrome 
among others [5]. Another interesting complication is mirror pain in open thoracic 
cordotomy patients, where the patient reports the same pain but opposite the side of 
the original pain within weeks or months of the operation.

 Dorsal Root Entry Zone (DREZ) Lesioning

The Dorsal Root Entry Zone (DREZ) is the region adjacent to the spinal cord where 
first-order neurons carrying nociceptive information either form synapses in the 
dorsal horn (at Rexed lamina I–V) or pass through and rostrally ascend via the 
Lissauer tract before synapsing. In plexus avulsion, the pain generator is focused on 
the nucleus proprius (lamina III–IV), which are known as the “wide dynamic range” 
neurons that transmit both non-painful and nociceptive signals. DREZ lesion sur-
gery is best suited for patients with pain distinct to the unique pattern of fibers as 
they pass through the DREZ, commonly manifesting as pain in a unilateral limb or 
pain limited to the brachial plexus [4]. Such pain is often described as prickly or 
electric, shooting pain, loss of sensation without loss of motor function in the 
affected limb, or hyperpathia between normal sensation and loss of sensation asso-
ciated with spinal cord injury [4]. Ideal DREZ surgical candidates include patients 
with traumatic brachial plexus injury, segmental pain at the same vertebral level as 
their spinal cord injury (potentially due to a pseudomeningocele), or any lesion in 
the thoracic apex that compresses the inferior brachial plexus (e.g. Pancoast tumor) 
[4]. Findings that portend poor outcomes with DREZ lesioning include constant 
burning limb pain, herpetic neuropathy-related pain, pain that extends medially 
from the limb into the trunk or pelvis, or burning pain in lower extremities that does 
not correspond to the level of the spinal cord injury [4].

 Spinal DREZ
Spinal DREZ procedures are approached via hemilaminectomy for unilateral and 
laminectomy for bilateral operations, at least two vertebral levels above and below 
the lesion location [4]. Remembering the orientation of the nociceptive fibers as 
they enter the dorsal root, the ideal location for electrode placement is along the 
lateral edge of fibers as they enter the cord. Impedance mapping can help navigate 
the healthy and normal fibers, where values of 500–1000 ohms indicate an injured 
region and 1200–2000 ohms represent normal neural matter. Once in the ideal loca-
tion, radiofrequency ablation is carried out at 75 °C for 15–20 s. As the surgeon 
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proceeds to make a series of small lesions to the DREZ, they must remain focused 
on maintaining the electrodes position parallel to the dorsal lateral sulcus rootlets 
[4]. The operation is complete upon reaching one or two vertebral levels above the 
site of injury or when impedance mapping has normalized.

The best outcomes in DREZ operations are seen in brachial plexus injury 
patients, with 54–91% of patients expressing immediate improvement of their pain 
and at least 50% maintaining those results after 5 years [4]. For spinal cord injury 
patients, better results are seen for end-zone pain (78%) rather than diffuse distal 
pain (20%). Multiple groups have suggested that intraoperative impedance mapping 
improves treatment effectiveness by revealing DREZ regions of hyperactivity that 
would not have been anticipated preoperatively [8, 9]. Friedman and Bullitt found 
in their series on postherpetic neuralgia patients that almost all patients reported 
positive initial results (29/32) but only eight expressed lasting pain relief after 1 year 
[10]. The most common complications result from mechanical error in lesioning 
adjacent structures. Since 1990, 3–14% of patients experience ipsilateral weakness 
due to injury to the corticospinal tract, which runs lateral to the site of lesion [4]. 
Thoracic DREZ lesions are at the greatest risk for this complication, as the dorsal 
horn is thinnest in this region. Sensory loss, such as ipsilateral proprioception, light 
touch, and vibration due to injury to the dorsal columns medially, is reported in 
2–70% of studies [4]. The broad range may be explained in part by small sample 
sizes or non-representative sample populations.

 Nucleus Caudalis DREZ
Alternatively, DREZ lesions may aim to ablate the spinal trigeminal nucleus pars 
caudalis within the cervicomedullary junction. Destruction of this structure was 
initially pursued as treatment for pain conditions of the craniofacial region, includ-
ing trigeminal deafferentation pain, trigeminal neuropathic pain, and glossopharyn-
geal or occipital pain [11]. With the unique somatotopic coverage allowed for by 
targeting the nucleus caudalis, reported results have been encouraging. In a recent 
series of 16 nucleus caudalis DREZ patients, Chivukula et al. described a mean pain 
reduction of 58.3% lasting for an average of 4.3 years [12]. Complications included 
ataxia (2/16) and neuro/radiculopathy (2/16).

 Punctate Midline Myelotomy

Midline myelotomy (MM) is the lesion of the anterior commissure that projects the 
second-order neurons of the STT contralateral from their origin. Indications for 
MM are similar to those of cordotomy, with the exception that MM is advantageous 
for patients with bilateral, instead of unilateral, extremity pain by reducing the risk 
of duplicitous lesioning procedures. Additionally, the approach allows for the mid-
line division of the dorsal columns, which carries some visceral pain information. 
The operation can be carried out by one of three techniques, including open limited 
myelotomy, percutaneous radiofrequency myelotomy, or percutaneous mechanical 
myelotomy. The approach is carried out via midline laminectomy and durotomy, 
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and the lesion is continued until the anterior pia is detected, indicating complete 
division. A limited MM has become popular in recent years to specifically treat 
visceral pain, where the lesion is only carried out in the dorsal columns. The sur-
geon must recall that thoracic spinal targets are several levels above their corre-
sponding vertebral bodies, so for example, T3–4 is the common target for upper 
abdominal pain and T6–7 is used for perineal pain [13].

Besides being a good surgical candidate with a life expectancy of greater than 
3 months, indications for MM include patients with bilateral lower extremity or 
abdominal/pelvic organ pain refractory to opiates [14]. The studies reporting out-
comes are limited but over half of patients report good or excellent results postop-
eratively [4]. In on recent series, Vedantam et  al. reported better outcomes for 
patients undergoing open limited myelotomy, compared to percutaneous radiofre-
quency lesioning or percutaneous mechanical lesioning [13]. Complications include 
leg weakness (27%), dysesthesias causing gait disturbance or burning sensation 
(9%), or impaired proprioception due to manipulation of the dorsal columns [4]. 
However, results from these studies must be taken in the context of the patient popu-
lation, who are often terminal cancer patients ridden with progressive malignancy.

 Neurotomy

Neurotomy or neurectomy is a well-described procedure that seeks to address focal 
regions of painful dysesthesia by lesioning the corresponding sensory nerves. 
Candidate nerves include the saphenous nerve, sural nerve, superficial radial nerve, 
and the cutaneous nerves of the trunk and upper/lower extremities. Neuromas, the 
proliferative growth of axons and Schwann cells without end innervation, are a 
common source of such pain syndromes and require resection. The surgery can be 
carried out under general anesthesia or simply with peripheral nerve blocks. The 
culprit nerve is transected and implanted into the proximal muscle, enabling the 
facilitation of axonal growth [15]. Neurolysis is employed to relive compressive 
injury to peripheral nerves, most commonly the median nerve in the carpal tunnel 
and the ulnar nerve in the cubital tunnel. Compression not only hinders axonal 
transport, but it also interrupts microvascular supply, causing ischemia and edema 
along the downstream nerve. The procedure involves first mobilizing the proximal 
and distal ends of the nerve before localizing to the entrapped nerve. The nerve is 
then freed circumferentially from the interfering structure, which in some cases may 
require interfascicular dissection to delineate pathologic nerve from healthy nerve.

Outcomes are generally positive for these procedures. Meta-analyses for neu-
rolysis of the median nerve, ulnar nerve, and lateral femoral cutaneous nerve have 
described pain relief in 87%, 70%, and 88% of patients, respectively [15]. A recent 
area of study, one that remains controversial despite some positive evidence, is 
multi-tunnel decompression for diabetic neuropathy patients. Meta-analyses for 
neurotomy studies have reported excellent outcomes for meralgia paresthetica, with 
pain relief in 85–95% of patients [15, 16]. Positive results for neuroma patients can 
be expected in 68% (95% CI: 51–84%) of patients after neurolysis and 74% (95% 
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CI: 66–82%) of patients [17]. Complication rates are overall quite low for these 
procedures, at less than 5% [15–17]. Patient selection and patient understanding of 
treatment goals are key to preventing complications. Some patients report neuro-
pathic pain in the immediate postoperative period, which should resolve in the sub-
sequent days to weeks [15]. In the case of neuromas, recurrence is inevitable, so the 
goal of treatment is to prevent painful neuromas from forming, not to eliminate the 
neuroma altogether.

 Dorsal Root Ganglionectomy

Dorsal root ganglionectomy (DRGectomy) was initially proposed as a superior 
alternative to neurotomy, focusing on the primary afferent cell bodies to prevent 
peripheral nerve regeneration, remove the ventral root afferents arising from the 
DRG, and eliminate any spontaneous nociceptive activity in the DRG [18]. Initial 
studies described positive outcomes for failed back surgery cohorts, [19] but longi-
tudinal outcomes were overall disappointing [20]. Not only did pain recur, but it 
tended to spread across dermatomes that were not initially involved [21]. Recent 
efforts have examined its efficacy in treating occipital neuralgia via the C2/3 
DRG.  However, its results demonstrate consistent pain recurrence with inferior 
results to neuromodulatory treatments [22–24].

 Intracranial Ablative Procedures

 Bilateral Anterior Cingulotomy

The cingulate gyrus is a central structure inferomedial to the cerebral hemispheres 
that serves as a transmission point of multiple core cerebral functions, including 
cognition, motor, emotional, pain, and visuospatial. It is the anterior cingulate cor-
tex (ACC) that is the focus of emotion and pain modulation. Neurosurgical ablation 
of the ACC has been explored in neuropathic pain conditions as well as obsessive- 
compulsive disorder (OCD). The lesions are carried out via stereotactic thermoco-
agulation under the guidance of intraoperative neurophysiological recordings. 
Retrospective studies have reported positive outcomes in 45–70% of OCD patients 
with ablation of the dorsal ACC [25]. Systematic reviews of intractable cancer- 
related pain patients found reports of pain relief in 32–83% of patients [26, 27]. 
Complications are rare at less than 5% in reported series and include seizures, hemi-
paresis, and mood change or apathy.

 Medial Thalamotomy

Ablation of the medial thalamus, specifically the nociception-transmitting medio-
dorsal, centromedian, intralaminar, and parafascicularis nuclei, is carried out via 
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stereotactic radiosurgery (SRS). Focal radiation doses of 140–180 Gy are delivered 
to the nuclei and provide generally positive outcomes, depending on the pathologic 
origin of the pain [28–31]. Indications arise after the failure of multiple non-surgical 
interventions and include malignancy-related pain, trigeminal neuralgia, posther-
petic neuralgia, trigeminal neuropathic pain, thalamic pain, and facial pain among 
others [31]. In one of the most recent case series on trigeminal neuralgia patients, 
Gallay et al. found that 63% of patients had pain relief at 3 months and 88% at 
1-year postop, without any serious adverse events [28]. Conversely, Roberts and 
Pouratian reported in their systematic review only 23% pain relief in thalamotomy 
SRS patients [30]. Nevertheless, these patients suffer from chronic refractory pain 
conditions, where any pain relief is clinically beneficial. Complications are infre-
quent but may arise due to imprecise or excessive radiation, including radionecrosis 
and collateral damage to adjacent structures.

 Mesencephalotomy

Mesencephalotomy is the stereotactic ablation of the spinothalamic, trigeminotha-
lamic, or spinoreticular tracts as they pass through the midbrain. The first two tracts 
transmit peripheral nociceptive signals, while the latter is involved in the emotional 
response to pain. Specifically, the lesion targets the inferior colliculus, splitting the 
difference between the lateral edge of the aqueduct and the lateral edge of the mid-
brain. The procedure is reserved for cancer patients with limited life expectancy and 
unilateral nociceptive pain that has failed previous therapy, particularly of the head 
or neck region [32, 33]. An older case series found no clinical benefit for deafferen-
tation pain [34]. Although there are few recent case series, complication rates have 
improved with stereotactic guidance, but the few reported complications include 
dysphagia, dysarthria, upward gaze paralysis, ocular convergence defects, skew 
deviation, miotic pupils, weakness/paresis, painful dysesthesias, and altered mental 
status [32–35].

 Hypophysectomy

Hypophysectomy is one of the less common examples of a procedure that has fallen 
out of favor, with the advent of neuromodulation techniques, despite historical 
reports of positive outcomes. Previous studies indicate pain relief in 70–75% of 
patients, with initial postop results reaching as high as 87% [30, 36, 37]. Focal 
radiation doses of 150–160 Gy are most commonly used now, targeting the superior 
portion at the junction of the stalk and neurohypophysis [37]. Evidence is limited to 
low-quality studies at the moment, but the available case series report excellent 
consistency in pain relief [37]. Complications are reduced as well with the latest 
treatment paradigms, with only 1 of 16 patients who received 150–160 Gy experi-
encing an adverse endocrinological event [37]. Notably, there are two clinical trials 
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underway to methodically address the efficacy of hypophysectomy, whose results 
the authors greatly look forward to (NCT03377517, NCT02637479).

 Deep Brain Stimulation/Motor Cortex Stimulation

 Overview

Before its modern-day application in movement disorders, Deep Brain Stimulation 
(DBS) was first attempted in the treatment of pain. Observations of “stimulus- 
produced analgesia” in rodent models led to the early studies on the analgesic 
effects of periaqueductal gray (PAG) and periventricular gray (PVG) stimulation in 
humans [38–40]. Despite these early reports, the field did not advance substantially 
in the subsequent decades due to poorly designed studies with either a small sample 
size or an overall lack of a methodical experimental approach when testing the loca-
tion of stimulation or the indication for treatment. Similarly, motor cortex stimula-
tion (MCS) generated excitement at first, especially in the treatment of trigeminal 
neuralgia-related pain, but studies over the years have found its long-term results 
underwhelming. Neurosurgery, however, has not given up on analgesic DBS just 
yet. Current applications being explored include stimulation of the hypothalamus 
for cluster headaches and of multiple regions for poststroke pain.

 Procedure

DBS for pain treatment remains off-label due to the lack of prospective data, but it 
has been shown to be most beneficial for medically intractable, nociceptive pain 
patients, as well as phantom limb pain, complex regional pain syndrome type 1, 
poststroke pain, and cluster headache [41, 42]. After the surgeon has deemed the 
patient an ideal candidate for surgery, the patient is placed in a stereotactic frame 
and sent to obtain a stereotactic MRI or CT imaging. The stereotactic coordinates 
guide the placement of the electrode intraoperatively. In the operating room, the 
patient is kept awake to enable real-time feedback and a small parasagittal frontal 
burr hole allows access for the electrode to the target. Microelectrode recordings, 
micro-stimulation, and macro-stimulation enable the surgeon to functionally define 
the target area before final electrode placement. Postoperatively, the surgeon obtains 
MRI or CT to confirm placement and to determine whether any intracranial compli-
cations occurred. The electrodes are externalized for a 1-week trial period, where 
combinations of stimulation inputs are tested, before being connected to an 
implanted pulse generator [42, 43].

MCS follows a similar procedure, with some differences that we will note. 
Indications for MCS are medically-unresponsive central and neuropathic pain syn-
dromes, including trigeminal nerve injury of the root, ganglion, or peripheral 
branches, postherpetic facial neuralgia, central pain after thalamic or lateral 
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medullary stroke, phantom limb pain, brachial plexus avulsion, and neuropathic 
spinal cord injury pain [44]. A functional MRI (fMRI) is more commonly utilized 
to initially identify the motor cortex and image-guided neuronavigation is subse-
quently used intraoperatively. A linear skin incision is first made along the motor 
cortex, about 10 cm long, before making a circular craniotomy of 5 cm in diameter. 
Once exposed, electrophysiologic monitoring is used to functionally define the tar-
get of stimulation. Electrode strips are then placed epidurally based on the homun-
cular location of the pain. The electrodes are externalized for a 1-week trial period, 
and if sufficient pain relief is achieved, the electrode is connected to an implanted 
pulse generator that is placed subcutaneously [42].

 Outcomes

Consensus on the benefit of DBS for the treatment of pain is far from certain due to 
the heterogeneity of studies. A meta-analysis in 2003 found that 50% (561/1114) of 
patients had long-term pain relief with DBS, ranging from 19% to 79% in the 
included studies [45]. When subdivided based on the type of pain, nociceptive pain 
patients were found to only express successful analgesia when stimulated in the 
PAG/PVG (59%), whereas none of the patients stimulated in the VPL/VPM had 
long-term success. Conversely for neuropathic pain patients, stimulation in the 
VPL/VPM resulted in long-term success for 56% (228/409) of patients, while PAG/
PVG stimulation yielded 23% (35/155). A similar meta-analysis in 2005 found that 
overall DBS had greater efficacy for nociceptive pain than neuropathic pain [46]. 
They also found that 79% of patients expressed long-term alleviation of pain when 
stimulated in the PAG/PVG, with an increase to 87% when the VPL/VPM or inter-
nal capsule was also stimulated. Certain conditions were found to be most respon-
sive to DBS, including low back pain, phantom limb pain, and neuropathies.

Long-term success in the first paper was limited to >50% reduction in pain or 
continued use of the stimulator at 1 year, whereas in the second paper the authors 
used the definition established by each primary study [45, 46]. With this broad defi-
nition of success and that most of the studies analyzed were from the 1970s and 80s, 
it is important to note the overall lack of updated quality data supporting specific 
indications for DBS in pain. In a more recent series of studies, Boccard et  al. 
reported that 66% (39/59) of implanted, neuropathic pain patients expressed clinical 
benefit when stimulation was in the PAG or ventral posterior nuclei of the thalamus 
(VPL/VPM) and 83.3% (10/12) when in the anterior cingulate cortex [47, 48]. In a 
recent randomized, double-blind crossover trial, Lempka et  al. found significant 
improvements in multiple outcomes measures when poststroke pain patients 
received stimulation to the ventral striatum/anterior limb of the internal capsule 
[49]. Fontaine et al. found in their double-blind, randomized control trial that 54.5% 
(6/11) patients with refractory cluster headache experienced >50% reduction in 
their frequency of attacks when stimulating the posterior hypothalamus [50]. 
Although beneficial for some patients, future studies must methodically test the 

E. Montgomery et al.



423

location of stimulation and differentiate based on pain type to accurately define the 
indications for DBS in pain patients.

Outcomes for MCS are similarly mixed, thus it not being covered by insurance 
or Medicare in the US. In a 2005 prospective observational study on ten patients 
with trigeminal neuropathic pain, Brown and Pilitsis reported 88% immediate pain 
relief and 75% relief at 10 months postop [44]. Mo et al. reported in their systematic 
review refractory pain improvement rates of 35.2% in poststroke pain, 46.5% in 
trigeminal neuropathic pain, 29.8% of brachial plexus avulsion pain, 34.1% in 
phantom pain, and 65.1% in post-radicular pain [51]. In another systematic review, 
Henssen et al. found that 43.7% of studies reported pain reduction of 70–100%, 
while 31.1% of studies reported 0–40% pain reduction [52]. However, other studies 
have brought into question the sustainability of the analgesic effect, such as Sachs 
et al. who found only 2 of 14 patients had lasting pain improvement at 55 months 
postop [53]. With a mean follow-up on the order of a few months to multiple years 
in the aforementioned systematic reviews, it is evident that outcomes data for MCS 
fall prey to the same issues as DBS, with high levels of heterogeneity and an overall 
lack of substantive empirical guidance.

 Complications

Complications are relatively infrequent but have been reported for both DBS and 
MCS. Besides electrode fracture, the complication that surgeons should be most 
wary of for DBS is intracranial hemorrhage, which can occur upon insertion or 
removal of the electrode [42]. Mortality is exceedingly rare in DBS, but three of the 
four reported cases were a consequence of intracranial hemorrhage. Infectious com-
plications occur in 3.3–13.3% of cases. Headache is reported in upwards of half of 
cases, although most resolve by the time the patient is discharged from the hospital. 
Other potential complications reflect the focus of stimulation, including ophthalmo-
logic disturbances such as diplopia, vertical gaze palsies, or horizontal nystagmus 
when stimulating the PAG/PVG.  Complications of MCS are similar to those of 
DBS. Seizure induction has also been reported multiple times, with at least one case 
of severe epilepsy after long-term MCS treatment [54].

 Spinal Cord Stimulation

 Overview

Spinal cord stimulation (SCS) for pain control was first attempted by Dr. Norman 
Shealy and colleagues in 1967, shortly after Melzack and Wall’s seminal publica-
tion on the gating theory of pain [55]. Based upon the new model, Shealy et al. 
surmised that stimulation of large A-beta fibers would inhibit, or “close the gate” of 
smaller pain-invoking, A-delta and C fibers [56]. Their observations proved 
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prescient, and although the exact mechanism has yet to be fully elucidated, SCS is 
indicated for multiple intractable pain conditions involving chronic neuropathic 
pain of spinal origin, as well as vascular insufficiency pain and anginal pain [57]. 
Other common indications include failed back surgery syndrome (FBSS), complex 
regional pain syndrome (CRPS), and peripheral neuropathy. Compared to DBS, the 
evidence supporting SCS has been more consistent over the decades. Yet, it still falls 
prey to the same lack of high-quality evidence, and recent studies continue to refine 
the level of specificity between the loci or pattern of stimulation and clinical 
indication.

Conventional treatment applies 40–60 Hz stimulation to induce paresthesia over 
the affected area. SCS induces an inhibitory effect via release of neurotransmitters 
such as GABA, Substance P, and Serotonin [57]. The primary hypotheses of SCS’s 
mechanism are through stimulation of the dorsal column fibers, the most proximal 
aspect of the spinal cord to the electrodes, and/or the dorsal root fibers, with their 
lower stimulation threshold for recruitment [58]. Each hypothesis has its merits, as 
well as its incongruencies with clinical observations. Midline stimulation of the 
dorsal columns should theoretically first elicit paresthesia in the legs via the gracile 
fasciculus, followed by the arms via the more lateral cuneate fasciculus. However, 
midline cervical stimulation first generates paresthesia in the arms, before involving 
the legs at higher stimulation amplitudes. In rodent models, severance of the dorsal 
columns rostral to the site of stimulation greatly reduces, but does not eliminate, 
SCS effectiveness, suggesting that other fibers are sufficient for its mechanism [59]. 
For the dorsal root hypothesis, one would expect stimulation to elicit responses 
from other similarly low-threshold fibers, such as Ia muscle spindle afferents, caus-
ing muscle contractions and a proprioceptive response, which are not typically seen. 
Also, by this hypothesis, focal stimulation should not elicit multi-dermatomal par-
esthesia, which it commonly does [58].

 Patient Selection

The first key step to effective treatment in SCS is patient selection. SCS treatment 
has only proven effective in 40–50% of refractory pain patients, with imprecise 
adherence to patient selection guidelines being a major factor in treatment failure. 
Inclusion criteria for SCS take into consideration of a multi-factorial array of factors 
that influence outcomes and include: appendicular pain after previous spine surgery, 
pain of at least 6-month duration, the lack of chronic or recurring pain above the 
T10 dermatome, leg pain that radiates below the knee greater than back pain, and 
proper psychological evaluation [60]. Furthermore, surgeons must be intimately 
aware of the specific indications for the various treatment loci and stimulation pat-
terns. Exclusion criteria include surgical procedure within 6 months before screen-
ing, active psychiatric disorder, age less than 18 years old, no previous attempt at 
non-surgical therapy for the condition, or previous failed SCS trial. SCS is also not 
recommended for those with cancer-related pain or those with limited life 
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Fig. 18.1 Anterior/
posterior radiograph 
demonstrating electrode 
leads of a spinal cord 
stimulator within the spinal 
canal

expectancy [60]. Figure 18.1 shows an anterior/posterior radiograph demonstrating 
electrode leads of a spinal cord stimulator within the spinal canal.

If the above criteria are met, the patient may proceed to a screening trial of 
1 week for treatment efficacy with an external transmitter. Electrodes are placed 
epidurally along the section of the spine corresponding to the target of paresthesia 
by one of two techniques: (1) Paddle lead via laminotomy or (2) Percutaneous elec-
trode via Tuohy needle [57]. The former provides greater longitudinal stability, but 
the latter is less invasive and better for trial implants. If only unilateral stimulation 
is required, then a hemilaminectomy is utilized. Whereas if bilateral stimulation is 
required, then the electrodes are centered along the midline. Ideal candidates that 
proceed to permanent receiver implantation exhibit at least a 50% reduction in pain 
(based on pre- and post-treatment VAS scores), functional improvement (as deter-
mined by functional outcome evaluation in clinic), and induced paresthesia that is 
concordant with the region of pain and not undesirable (as expressed by the 
patient) [60].
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 Outcome

Duarte et  al. found in their meta-analysis of randomized controlled trials (RCT) 
comparing SCS versus placebo or sham surgery that pain scores (scale 1–10) 
declined −1.15 (95% CI: −1.75 to −0.55) compared to the control groups [61]. 
Multiple trials reported at least a 10% greater patient satisfaction with SCS com-
pared to sham surgery. A systematic review on SCS for axial low back pain found 
that 79% of patients (95% CI: 70–87%) expressed >50% reduction in pain [62]. In 
their RCT for FBSS, North et  al. described that 47.4% (9/19) of SCS patients 
expressed >50% reduction in pain, whereas only 11.5% (3/26) re-operation patients 
had improvement [63]. Two meta-analyses of RCTs on SCS for refractory angina 
found that SCS reduced angina frequency and nitroglycerin consumption, as well as 
improving several measures of health-related quality of life [64, 65].

 Complications

The complication rate in SCS is reported to be around 30–40% [57, 66], and the 
complications can be generally understood as hardware- or biologically-related. 
The most common hardware malfunctions include lead migration, lead connection 
failure, or lead breakage [57]. Lead migration is one of the most common complica-
tions overall (15.5%, 95% CI: 9.21–21.77%) but can be mitigated by the stimulation 
technique [66]. Percutaneous leads, despite their convenience, are far more likely to 
migrate compared to paddle leads. Biological complications include pain at the 
hardware site (6.15%, 95% CI: 0.97–11.33%) or infection (4.89%, 95% CI: 
3.38–6.39%) [66]. Rare but serious complications to watch out for are neurologic 
damage due to intraoperative root or spinal cord injury, or even epidural hematoma. 
Overall, complications can be minimized with the proper experience and expertise.

Figure 18.2 shows a lateral radiograph demonstrating paddle leads of a spinal 
cord stimulator within the spinal canal.

Figure 18.3 shows an anterior/posterior radiograph directed more inferiorly in 
the same patient revealing the spinal cord stimulator generator and a separate intra-
thecal baclofen pump system.

 Direct Drug Administration Into CNS

 Overview

Yaksh and Rudy first demonstrated in 1976 the analgesic potential for direct injec-
tion of opioids into the subarachnoid space [67]. Since then, direct drug administra-
tion, whether into the subarachnoid, epidural, or intraventricular spaces, has 
remained a mainstay in the analgesic regimens of nociceptive cancer-related pain 
patients and nociceptive “mechanical” spine disorders. Although historically the 
efficacy of intrathecal drug delivery has been limited for neuropathic pain patients, 
the Polyanalgesic Consensus Conference (PACC) recommended in 2017 to no 
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Fig. 18.2 Lateral 
radiograph demonstrating 
paddle leads of a spinal 
cord stimulator within the 
spinal canal

Fig. 18.3 Anterior/
posterior radiograph 
directed more inferiorly in 
the same patient revealing 
the spinal cord stimulator 
generator and a separate 
intrathecal baclofen pump 
system

longer discriminate treatment plans based on this categorization of pain. These 
modalities are most used in the setting of fetus delivery, as a one-time dose admin-
istered to the epidural space surrounding the lumbar spine. The primary advantage 
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of direct administration is that it allows the drug to bypass the two main barriers to 
reaching the CNS from the circulatory system, the blood-brain barrier, and the liver. 
Not only does this increase the dose arriving in the CNS, but it also reduces the 
systemic interactions of the drugs that mediate their side effects.

The main indications for direct intrathecal treatment are cancer-related pain, 
post-laminectomy syndrome, chronic compression fractures, spinal stenosis, spon-
dylosis, spondylolisthesis, complex regional pain syndrome, neuropathies, rheuma-
toid arthritis, and chronic pancreatitis, among other non-cancer-related pain 
conditions [68]. Contraindications include conditions of diffuse multifocal pain, 
headache or facial pain, ischemic heart disease, heart failure, cerebrovascular dis-
ease, or conditions with less than 3 months of life expectancy [68]. It is not neces-
sary for the patient to have failed a trial of oral opiates or neurostimulation before 
consideration for intrathecal analgesia. There was a period when intracerebroven-
tricular injection was more commonly used, but currently, it is almost solely used 
for terminal cancer patients with craniofacial pain [69]. Complications have been 
reported in 10.5% of patients, and they include catheter kinking, disconnection or 
displacement, pump failure, or CSF leak [70]. Surgical complications such as bleed-
ing and infection are more rare.

 Procedure

The first step is to determine the ideal analgesic and its effective dose via direct 
injection [18]. Trials of morphine can be done via bolus injection, continuous epi-
dural infusion, or continuous intrathecal infusion, whereas trials of ziconotide can-
not be done epidurally. It is important to always remember that “success” in the case 
of intrathecal therapy trials is patient-specific and focuses on achieving a state 
deemed tolerable by the patient, but not necessarily completely lacking of pain. Of 
note, oral opiates may impair the efficacy of intrathecal opiate efficacy and thus 
should be reduced or ceased altogether before trialing [71, 72]. Once the ideal bal-
ance of analgesia and side effects is established, the catheter is implanted percutane-
ously with a Tuohy needle or directly via a hemilaminectomy. The micromotor-driven 
drug pump is implanted in a subcutaneous pocket under general anesthesia or local 
anesthesia in patients with certain medical conditions and then connected to the 
catheter. Pump reservoirs will need to be refilled based on vessel capacity and rate 
of drug administration.

 Medication Options

The only two FDA-approved (USA) medications for chronic pain are morphine (μ 
opioid receptor agonist) and ziconotide (calcium channel blocker). While both may 
be considered first-line for cancer-related and non-cancer-related pain, the evidence 
is weaker for using morphine in non-cancer-related pain [73]. Combination therapy 
with non-FDA-approved therapies continues to be explored, including with 
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baclofen, clonidine, octreotide, dextromethorphan, benzodiazepines, nitric oxide 
synthetase inhibitors, tricyclic antidepressants, and lidocaine [18]. Contraindications 
to morphine include patients whose pain is refractory to previous oral opiate pre-
scriptions or those with substance abuse, pulmonary disease, or sleep apnea (central 
or obstructive) [68]. Besides the general risks associated with opioid usage such as 
tolerance and opioid-induced hyperalgesia, other potentially serious adverse events 
associated with morphine are granuloma formation and myoclonus [68]. Physicians 
should order imaging if the patient presents with focal neurologic deficits. Ziconotide 
does not come with the same risks of cardiopulmonary depression as morphine, but 
it is contraindicated in those with a past history of psychosis and requires careful 
monitoring if the patient is taking another CNS medication (i.e. antiepileptics, neu-
roleptics, sedatives) [68]. Physicians should also monitor serum creatine kinase 
(CK) levels, as ziconotide has been shown to cause elevated CK in upwards of 40% 
of patients, usually within the first 2 months of treatment. Ziconotide is not associ-
ated with any withdrawal symptoms upon treatment discontinuation.

The 2016 PACC guidelines recommend starting continuous dosing for opioid- 
naïve patients at 0.1–0.5 mg/d for morphine and 0.5–1.2 mcg/d for ziconotide [73]. 
The range is broader in those patients that have developed tolerance to oral opioids, 
ranging from 1–10 mg/d, but the physician should always consider that opioid dose 
and the frequency of adverse events are directly related. If the desired effect has not 
been produced after escalating dosage to 50% of the PACC recommended maxi-
mum limit (i.e. 20 mg/mL or 15 mg/d), then the physician should check the integrity 
of the pump. Despite its relative lack of side effects, ziconotide has a narrower 
therapeutic window and its side effects more closely correlate with the rate of 
administration than absolute dosage [68]. Its notorious cognitive side effects arise 
more frequently with high initial doses and rapid titration increments and tend to 
have a delayed onset, anywhere from 10 days to weeks after initial treatment [68]. 
Thus, dosing of ziconotide should begin low (<2.4 mcg/d) and titrate slowly (incre-
ments of <2.4 mcg/d every 2–4 days, maximum dosage of 19.2 mcg/d). Tolerability 
may be enhanced by a more conservative starting dose and titration schedule, as 
well as altering the flow rate or concentration in the pump reservoir. Two recently 
described paradigms found that nighttime bolus dosing or patient-controlled admin-
istration of ziconotide may further improve outcomes [74, 75].

 Classic Examples of Pain Conditions Treated by Surgery

 Trigeminal Neuralgia

Trigeminal Neuralgia (TN) is a debilitating condition characterized by unilateral, 
paroxysmal pain in the somatotopic pattern of one of the main trigeminal nerve 
subdivisions. The pain is classically described as shock- or lightning-like. Unlike 
many of the pain conditions discussed in this chapter, the diagnosis and treatment 
paradigms are extensively studied and well-supported. TN is often the result of an 
aberrant vessel, most commonly the superior cerebellar artery, compressing the 
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trigeminal nerve DREZ in the prepontine cistern [18]. Secondary TN can be due to 
multiple etiologies, including multiple sclerosis, tumor, vascular malformation, or 
herpes zoster infection. Therefore, an MRI is first required to rule out secondary 
etiology. First-line treatment is carbamazepine or oxcarbazepine, followed by sec-
ond-line baclofen or lamotrigine. Although other antiepileptic drugs are currently 
being explored for refractory TN, surgery provides an effective option for medically 
refractory patients. When not secondary to neurovascular compression, TN may be 
effectively treated with ablation of the culprit nerve. Elderly patients were once 
thought to not be ideal surgical candidates for TN microvascular decompression, 
but studies have no found little difference in the outcomes and complication rates 
compared to younger cohorts [76].

The terminology used for the diagnosis of TN is highly similar, but each indi-
cates a unique etiology. According to Dr. Kim Burchiel, TN1 is idiopathic TN that 
presents as the classic electric shock-like episodes of pain, whereas TN2 is idio-
pathic TN of a more burning or aching type of pain for greater than 50% of the time 
[77, 78]. She and co-authors have surmised in the past that TN1 progresses to TN2 
if left untreated, signifying neural injury, and TN2 is more likely to be due to an 
intracranial mass, thus requiring imaging for diagnosis [77, 78]. Trigeminal neuro-
pathic pain is usually secondary to trauma (e.g. skull base, oral or ENT surgery, 
stroke, etc) and is described as constant burning or throbbing pain. Trigeminal deaf-
ferentation pain involves patients subject to intentional injury to their trigeminal 
system (e.g. neurectomy, gangliolysis, rhizotomy, nucleotomy, tractotomy, etc) and 
is described as crawling or itching pain. Symptomatic TN refers to someone with 
multiple sclerosis. About 1% of TN patients have MS and around 1/3 of MS patients 
have TN, so any patient presenting with TN and a sensorimotor deficit should be 
evaluated for MS [77, 78]. Postherpetic TN follows a breakout of facial herpes zos-
ter, usually in the V1 nerve pattern. Patients describe the development of allodynia 
with a burning dysesthesia. Lastly, atypical facial pain should only be used to 
describe patients with facial pain in the context of a somatoform pain disorder. The 
pain is classically described as bilateral and spreading outside of the trigeminal 
somatotopy and is usually concomitant with other somatic issues. Diagnoses to con-
sider include fibromyalgia and chronic fatigue syndrome, among others.

Anesthesia dolorosa (AD) is a particularly severe consequence of surgery for TN 
and results from deafferentation injury to the first order trigeminal nerve, releasing 
inhibitory signaling on the second order nociceptive trigeminal neurons [79]. It is 
characterized by the co-occurrence of numbness and severe levels of pain. Due in 
part to its rarity, there is little empirical basis for treatment. First-line therapy 
includes medications such as gabapentin, which often fails [80]. Surgical treatment 
may then be pursued, with at least one report of lasting positive outcomes after 
DREZ of the nucleus caudalis [79].

 Microvascular Decompression
Microvascular decompression (MVD) is considered the gold standard treatment 
option for TN due to neurovascular compression. Indications for MVD include 
drug-resistant idiopathic TN (or drug-responsive when the side effects do not 
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subside), MRI-confirmed neurovascular etiology, and sufficient condition for sur-
gery [81]. Contraindications are atypical or secondary TN, MRI-confirmed etiology 
that is not neurovascular compression, or poor surgical candidate. Old age was once 
considered a contraindication, but new evidence has called that into question [76, 
82]. MVD is less effective for patients where the underlying etiology is not due to 
neurovascular compression (e.g. in the setting of multiple sclerosis) or where the 
nerve damage may be more extensive (e.g. TN2). The procedure is a retrosigmoid 
approach. Upon reaching the lateral brainstem, the surgeon identifies the trigeminal 
nerve and traces along the DREZ for the culprit vessel. The vessel is then dissected 
and mobilized from the nerve, with Telfa or Teflon™ pledgets placed between the 
nerve and vessel to prevent recurrence.

Studies have found the MVD reduces pain immediately postop in 80–95% of 
patients [83]. One recent meta-analysis found that 76.0% of patients (n = 3897) 
reported a lack of pain with an average follow-up of 1.7 years (SD: 1.3) [84]. The 
authors analyzed predictors of favorable outcomes via random effects modeling and 
found that disease duration <5  years, arterial compression (rather than venous), 
involvement of the superior cerebellar artery, and Burchiel type 1 TN all predicted 
favorable outcomes with MVD. One long-term study found that at 15 years postop, 
73.4% of patients remained pain-free [85]. MVD is the most invasive surgical 
option for TN, and thus carries the greatest risk of morbidity. Nevertheless, serious 
complications are rare. The most commonly reported adverse events include hypo-
natremia (5.6%), CSF fistula (4.2%), and hearing loss (0.9–1.9%), depending on the 
study analyzed [84]. Other common complaints include headaches (3.6%), facial 
dysesthesia(2.7–5.7%), or numbness in the trigeminal distribution (0.9–13.9%) 
[84]. The risk of mortality is exceedingly low, at less than 1% [83].

 Percutaneous Treatments
Percutaneous procedures for TN are considered if no neurovascular compression is 
observed on imaging or if the patient is a less than ideal surgical candidate. They 
consist of three techniques: glycerol rhizotomy, balloon decompression, and ther-
mocoagulation. All are performed under general anesthesia with a needle advanced 
through the medial foramen ovale advancing towards the clivus [86]. The anesthesia 
is then reversed, and the patient is brought into a seated position. For glycerol rhi-
zolysis, the contrast is slowly replaced with glycerol (0.36  mL—the volume of 
Meckel’s cave), before withdrawing the needle and maintaining the patient’s posi-
tion for at least 2 h. In thermocoagulation, the needle tip contains an electrode that 
is aimed slightly more laterally towards the trigeminal nerve ganglion. The patient 
is awakened to confirm location via physiologic stimulation testing before re- 
sedating and ablating the nerve by delivering 65–70 °C for 60 s. The balloon tech-
nique follows the same process, followed by contrast-mediated test inflation to 
ensure correct position. Ideal compression aims to achieve a pear shape, usually 
entailing 0.35–0.5 mL of contrast. Meta-analytic review demonstrates that, com-
pared to glycerol rhizotomy, thermocoagulation results in greater immediate pain 
relief (OR: 2.65, 95% CI: 1.29–5.44), and balloon decompression has a lower risk 
of mastication weakness (OR: 9.29, 95% CI: 2.71–31.86) and diplopia (OR: 6.31, 
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95% CI: 1.70–23.33) [87]. One recent study found that percutaneous balloon 
decompression and thermocoagulation were more effective than glycerol rhizotomy 
in multiple sclerosis-related TN patients [88].

 Stereotactic Radiosurgery
Stereotactic radiosurgery (SRS) is an advantageous option for TN patients in certain 
circumstances. Multiple large studies have shown that SRS is inferior to microvas-
cular decompression in both its propensity for pain relief and duration of effects [89, 
90]. However, it may be an ideal option for patients who are poor surgical candi-
dates and those that do not demonstrate neurovascular compression on imaging. In 
one recent large study, SRS resulted in immediate pain relief for 75% of patients, 
compared to 96% in microvascular decompression cases [89]. The main superiority 
of SRS is that it resulted in zero complications, compared to 3.9% CSF leak and 
3.3% pseudomeningocele in surgical patients [89]. Similarly, one meta-analysis 
found that failed SRS TN patients had better outcomes with microvascular decom-
pression rather than repeat SRS [90, 91]. Meta-analysis of multiple sclerosis-related 
TN found that 83% (95% CI: 74–90%) of patients had initial pain relief but only 
47% (95% CI: 33–60%) had relief at the end of follow-up [92].

 Occipital Neuralgia

Occipital neuralgia (ON) is a chronic pain condition characterized by unilateral or 
bilateral, paroxysmal or shooting pain that radiates from the base of the skull along 
the projections of the greater, lesser, or third occipital nerves. Its trigger point is the 
superior nuchal line, and it may be accompanied by dysesthesia. Besides the char-
acteristic presentation, diagnosis may also test whether occipital nerve block tem-
porarily resolves the pain. The etiology of ON is complex and often involves trauma 
or nerve entrapment. Treatment begins with first-line pharmacologic therapies, such 
as antiepileptics or anti-depressants, and refractory cases may pursue nerve block, 
steroids, or botulin toxin [93]. Surgical interventions are only considered for cases 
that remain refractory to non-invasive treatments. However, the low overall inci-
dence of ON, and particularly refractory ON, is a severe hindrance to developing 
robust empirical support for surgical treatment. Numerous techniques have been 
attempted, including ganglionectomy, occipital nerve decompression, neurolysis, 
radiofrequency ablation, without lasting success [94]. A recent systematic review 
carried out by the Congress of Neurological Surgeons found that occipital nerve 
stimulation was a viable and potentially efficacious treatment modality in these 
patients [93]. Figure 18.4 shows an occipital stimulator on a lateral x-ray view.

 Occipital Nerve Decompression

There are several potential points of compression along the path of the occipital 
nerve. Thus, surgical decompression of the nerve, most often the greater occipital 
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Fig. 18.4 Occipital 
stimulator on a lateral 
x-ray view

nerve, is a common treatment option for refractory ON. The five most frequent sites 
of compression include (1) C2 root compression in the cervical spine, (2) within the 
semispinalis capitis, (3) within the inferior obliques, (4) within the trapezial tunnel, 
and (5) any intersection with arteries, veins, or lymphatics along its course [95]. 
Multiple techniques can be utilized, but overall, there does not exist enough evi-
dence to definitively support one approach. A recent prospective study found that 9 
of 11 patients expressed complete or significant reduction in pain with 12.45-month 
follow-up (SD 1.29) [96]. The only complication reported was surgical site pares-
thesia, but all cases were temporary. Other options, especially for decompression- 
refractory patients, include occipital nerve excision, cervical dorsal rhizotomy, or 
C2 dorsal root ganglionectomy.

 Occipital Nerve Stimulation

As with other applications of neuromodulation, occipital nerve stimulation demon-
strates significant promise but is still lacking robust empirical support beyond retro-
spective studies and case series [95]. Nevertheless, these data were sufficient for the 
Congress of Neurological Surgeons to publish a systematic review that found 
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occipital nerve stimulation to be an effective treatment option for refractory ON 
patients [93]. Side effects were infrequent and involve mostly infection or lead 
migration, as well as one report of worsening cervical pain. Occipital nerve stimula-
tion has been more thoroughly studied in cluster headaches and other chronic head-
ache disorders, with excellent results [95]. Occipital nerve stimulation is 
advantageous among surgical techniques for ON patients due to its minimal inva-
siveness, reversibility, and titratability. The procedure is approached via an open 
cervical incision, and a Tuohy needle is inserted through the incisions, projecting 
towards the mastoid process [97]. The stylet is removed, and the electrode is then 
proceeded through the Tuohy needle. Once in place, the Tuohy needle is removed, 
and the electrode is secured to the fascia and connected to the impulse generator. 
Similar to other neuromodulatory procedures, complications to be wary of include 
infections, lead migration, and hardware malfunction [97].

 Conclusions

Pain remains a complex clinical burden whose neurobiological basis has yet to be 
fully elucidated. Surgical intervention provides an effective treatment option for 
many medically refractory patients. Ablative procedures were the first to be tested 
and remain especially beneficial for patients with focal peripheral nerve injuries. 
Although more recent, neuromodulation has already exhibited great potential to 
alleviate pain, without the irreversibility of ablative procedures. Direct intrathecal 
administration of analgesics can significantly improve the quality of life for indi-
cated patients, such as those suffering from chronic cancer pain, and allows for finer 
control of drugs that often have undesirable side effects. Ongoing research will only 
further enhance the capacity of neurosurgeons to treat pain by improving the effi-
cacy of current paradigms, expanding the indications for the described procedures, 
and continuing to innovate technologically.
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19Endoscopic Spine Surgery

Omar Akbik, Peter Shin, and Mazin Al Tamimi

 Introduction

 History

Having shown promising results in rabbit models with dissolution of the nucleus 
pulposus by direct injection of chymopapain, in 1964, Lyman Smith published 
promising results in human clinical trials pushing forward the concept of indirect 
spinal canal decompression via chemoneucleolysis causing decreased intra-discal 
pressure [1].

Separately, Kambin [2] and Hijikata [3] expanded on the concept of indirect 
decompression by using a cannula in a posterolateral approach to perform a non- 
visualized percutaneous nucleotomy.

In 1988, Kambin would later introduce the endoscope for visualized nucleotomy 
publishing the first intraoperative diskoscopic views of herniated nucleusos pulpo-
sus [4]. Schreiber and Suezawa [5] would go on to inject indigo carmine dye into 
the disk space in order to stain and identify abnormal nucleus and annular fissures.

In 1990, Kambin defined a triangular safety zone of entry into the disk utilizing 
the foramen. ‘Kambin’s triangle’ is bounded anteriorly by the exiting nerve root, 
inferiorly by the end plate of the lower lumbar vertebra, and posteriorly by the 
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superior articular process of the inferior vertebra. Shifting attention away from per-
cutaneous nucleotomies, Kambin’s triangle afforded the operator a larger channel to 
explore the foramen with direct decompression of the exiting and traversing nerves.

 Endoscopic Lumbar Spine

The two endoscopic approaches to the lumbar spine include the transforaminal and 
interlaminar approach. Traditional indications for endoscopic spine surgery was for 
a soft lumbar disk herniation that is associated with chronic lumbar radiculopathy 
that has failed conservative measures [6]. However, the applications are growing 
specifically in the treatment of spinal stenosis, central and foraminal, secondary to 
ligamentous hypertrophy or boney overgrowth.

 Percutaneous Transforaminal Endoscopic Discectomy

 Anatomy

The transforaminal approach is performed through the intervertebral foramen which 
is bounded by the following:

 1. Superiorly – inferior vertebral notch of the pedicle above
 2. Inferiorly – superior vertebral notch of the pedicle below
 3. Posteriorly – facet joint comprised of the SAP and IAP of the respective vertebra
 4. Anteriorly – lower posterior lateral aspect of the vertebral body and interverte-

bral disk
 5. Medially – thecal sac
 6. Laterally the psoas muscle and fascial sheath

The contents of the intervertebral foramen include the exiting nerve root including 
the dorsal and ventral roots enclosed by the dural sheath, lymphatics, spinal branch 
of segmental artery, communicating veins between internal and external venous 
plexus, sinuvertebral nerves, and surrounding fat [7]. The transforaminal approach 
is based upon working within the confines of the Kambin’s triangle.

 Technique

There are several variations on the transforaminal approach used to target a variety 
of pathologies causing extra-foraminal herniations, foraminal stenosis, lateral recess 
stenosis, and central spinal stenosis. The intra-discal approach popularized by Dr. 
Yueng [8, 9] was based upon Dr. Kambin’s arthroscopic discectomy techniques 
[10]. The extra-discal approach described by Schubert and Hoogland [11] employs 
an initial removal of the ventral/lateral portion of the superior articular process 
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allowing access to the ventral portion of the canal. The extreme far lateral approach 
described by Dr. Ruetten also describes a transforaminal approach that allows 
access to the ventral spinal canal for decompression of broad based disks hernia-
tions [12].

 Outcomes

Yeung et al. published on their 1-year outcomes in 307 cases of percutaneous trans-
foraminal endoscopic discectomy. With a 91% response rate to questionnaire, they 
reported 90.7% were satisfied with their surgical outcome and would undergo the 
same endoscopic procedure again. The reoperation rate was 5% with an average 
follow up of 19 months [13]. Using pre and post-operative VAS scores, Gu et al. 
reported on their 2 year outcomes for percutaneous transforaminal endoscopic dis-
cectomy in 209 cases. VAS scores of leg pain dropped from an average 9 to 1 imme-
diately after surgery and remained at went to 0 at 2 years after operation with 95.7% 
of patients reporting excellent or good outcomes at 2 years based on the MacNab 
classification [14]. When looking at the addition of chymopapain, a proteolytic 
enzyme intended to dissolve part of the disk, injection into the disk space, Hoogland 
et al. reported 85.4% excellent or good result at 2 years in the group 1 (PTED alone) 
vs 93.3% excellent or good results in the group 2 (PTED with chymopapain injec-
tion) using the MacNab classification. Recurrence rates were 6.9% and 1.6% at 
1 year for both groups respectively [15].

 Re-herniation

When looking at risk factors for recurrence, Park et al. reviewed 1900 patients who 
underwent PTED and reported a recurrence rate of 11% with most recurrences 
occurring between 2 and 30 days. Recurrence was not related to BMI, DM, HTN, 
smoking status, or the presence of spondylolisthesis. They found that in those that 
did recur, the smaller sized disk herniation tended to recur earlier [16]. Recurrence 
rates for PTED have been reported with a variety of definitions but when defining it 
as a re-appearance of a symptomatic lumbar disc herniation at the same level after 
at least a month of no pain symptoms, the median recurrence rat was 1.7% with a 
range of 0–12% [17, 18].

 PTED Versus Microdiscectomy

In 2018, Zhang et al. published a meta-analysis comparing PTED versus conven-
tional microdiscectomy [19]. Analyzing five randomized control trials [20–24] and 
four retrospective reviews [25–28], they concluded that PTED was superior to open 
microdiscectomy in length of hospital stay but had no advantage in leg pain, func-
tional recovery, and incidence of complications. Future studies would find in 
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subgroup analysis of far lateral herniation, patients had significantly less improve-
ment in ODI scores at 3, 6, and 12 months [29]. A 5 year follow up study on a 
comparative cohort of PTED versus open lumbar microdiscectomy would show 
comparable results in regard to outcome but would again show that hospital stay as 
well as time to return to work were significantly shorter for the PTED group [30].

 Other

The transforaminal approach in the lumbar spine is one that has been traditionally 
used for the treatment of a herniated disk. However, as the technology improves, the 
application has been expanded to several pathologies. There are case reports on the 
use of an endoscopic transforaminal approach for the resection of a migrated disk 
[31], lumbar perineural cyst [32], and synovial cyst [33, 34]. One of the major 
advantages of the transforaminal approach is its ability to reduce destabilization by 

a b

c d

Fig. 19.1 Endoscopic transforaminal lumbar discectomy. (a) View of herniated disk with lateral 
thecal sac slightly visualized. (b) As discectomy is performed, epidural fat is seen to protrude 
down. (c) Pointer instrument is placed under the thecal sac to help with any adhesion the disk may 
have and can be placed in the lateral recess to help with orientation. (d) Better visualization of the 
lateral thecal sac and traversing nerve
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reducing the amount of facetectomy typically seen in traditional discectomies. 
Small case series exist on the use of the endoscopic transforaminal approach to treat 
radiculopathy in the setting of adjacent segment disease after instrumented fusion 
[35] as well as in the setting of lateral lumbar spondylolisthesis secondary to adult 
degenerative scoliosis [36].

Figure 19.1 shows a sequence of images during a transforaminal endoscopic 
lumbar discectomy.

 Percutaneous Endoscopic Interlaminar Discectomy

 Outcomes

The interlaminar approach has been found to be a safe and effective treatment strat-
egy for lumbar disk herniation. A 2018 meta-analysis of interlaminar approach for 
central or lateral recess stenosis treatment showed an average decrease of 5.95 and 
4.22  in VAS leg and back scores at 12  month follow up [37]. A year later, 
Wasinpongwanich et al. would report on their experience with 545 patients under-
going endoscopic interlaminar discectomy. Preoperative VAS back and leg scores 
were 4.99 and 5.70 respectively and decreased to 2.19 and 1.19 at 4 year follow up 
which would echo previous studies with a larger improvement in VAS leg scores as 
compared to VAS back scores. Similar results were shown when using the inter-
laminar approach for the treatment of lumbar degenerative central spinal stenosis. 
At 2 year follow up, Komp et al. reported that 71% of patients had no leg pain, 22% 
had great reduction in leg pain, and 7% experienced essentially no improve-
ment [38].

 Re-herniation

Recurrence rates have been reported to be anywhere between 1.9% and 12.1% [39–
41] with an average time to recurrence occurring at 46.3 months [41]. However with 
a steep learning curve, studies have shown a decrease in complication rates and even 
recurrent disk herniation with time. In regards to the interlaminar approach, when 
looking at the first 100 cases, recurrent herniation was 6% which went down to 
1.3% for the next 378 cases [39].

 Interlaminar Versus Microdiscectomy

Ruetten et al. performed a randomized prospective controlled study with patients 
being randomized to endoscopic interlaminar approach vs microdiscectomy for the 
treatment of lateral recess stenosis. With a 2 year follow up, they found clinical 
results to be the same in each group with a significantly shorter hospital duration for 
the endoscopic arm [22]. In regards to the treatment of lumbar disk herniation, a 

19 Endoscopic Spine Surgery



444

5 year retrospective showed similar satisfactory results between endoscopic inter-
laminar approach vs traditional microdiscectomy with the former having shorter 
hospital stays and faster postoperative recovery [40].

 Interlaminar Versus Transforaminal Approach

Numerous studies have looked at the difference in outcomes between a transforami-
nal approach and interlaminar approach to an endoscopic lumbar discectomy. 
Following the PRISMA checklist, a 2019 meta-analysis by Chen et al. compared the 
outcomes endoscopic lumbar discectomies via transforaminal vs interlaminar 
approach [42]. Twenty-six publications following 3294 patients were included in 
the final analysis. Short- and long-term VAS scores were significantly lower with 
PETD vs PEID although recurrence rates were found to be significantly higher in 
PETD vs PEID. While some reports indicate higher rates of dural tears in the PEID 
approach [43], Chen et  al. reported a similar complication rate in their review. 
Ultimately the authors concluded that while PETD had a longer operative time, 
outcomes were better for the PETD approach as compared to PEID approach as 
reflected by lower VAS scores as well as shorter hospital stay postoperatively.

 Lumbar Five – Sacral One Disc Herniation

In the world of endoscopic procedures, the L5–S1 disc space represents unique 
challenges. Figure 19.2a shows sagittal and Fig. 19.2b axial MRI images of a right 

a b

Fig. 19.2 (a) Preoperative MRI L spine T2 sagittal shows a disk herniation at the L5–S1 level. (b) 
MRI L spine T2 axial view shows a right lateralized disk herniation with effacement of the thecal 
sac and resultant foraminal stenosis
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lateral disk herniation. There is typically a larger interlaminar space at this level and 
the large facet joint provides a narrower foramen. Access to the canal via the fora-
men can be affected by the location of iliac bone. Several studies have looked out-
comes in this specific subset of patients when using an endoscopic interlaminar vs 
transforaminal approach for lumbar discectomy. Meta-analysis of nine studies look-
ing at PETD vs PEID for the treatment of LDH at the L5–S1 level reported that 
PTED was found to have significantly longer operative times and greater fluoros-
copy times but that the PEID approach was associated with a higher incidence of 
dural tears. However, in contrast to treatment at other lumbar disk herniation levels, 
no difference in outcome scores as measured by VAS scores was found between 
these two approaches at the L5–S1 level [44].

Figure 19.3 shows a sequence of images during an endoscopic interlaminar lum-
bar discectomy at L5 S1.

a b

c d

Fig. 19.3 Endoscopic interlaminar lumbar discectomy at L5–S1. (a) Drilling of the right inferior 
L5 lamina and superior S1 lamina reveals the ligamentum flavum. (b) Resection of the ligamentum 
flavum reveals epidural fat and the thecal sac. (c) Rotation of the endoscopic tube moves the thecal 
sac medially revealing a disk herniation which is coagulated. (d) Discectomy is performed with the 
forceps within the herniated disk and the thecal sac located medially
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 Endoscopic Transforaminal Lumbar Interbody Fusion

The transforaminal lumbar interbody fusion (TLIF) is considered to be a standard 
technique providing decompression of neural elements as well as fusion [45, 46]. 
As minimally invasive techniques became more popular with less tissue destruction 
and adequate fusion rates [47], the next natural outgrowth of the endoscopic trans-
foraminal approach was the endoscopic TLIF. Most of the literature at this time 
consists of retrospective case series and as such, there is still significant research 
needed to prove its effectiveness as compared to other techniques.

 Outcome

There have been a number of retrospective studies published documenting improve-
ments in VAS neck/leg as well as ODI [48–51]. Jin et al. reported on their 2 year 
follow up on 39 patients undergoing ETLIF with improvements in VAS scores for 
back and leg as well as ODI of 89.5%, 95%, and 71.2% respectively [52]. In a 100 
patients with at least 1 year follow up, Kolcun et al. showed significant sustained 
reduction in ODI scores from 29.6 to 17.2 [53].

The advantages of ETLIF included less blood loss, shorter hospital stays, and 
being able to perform a fusion under procedural sedation and local anesthetics. 
However, there is a significant learning curve associated with this technique. It is 
important to note that several steps of the ETLIF require fluoroscopic guidance 
increasing radiation exposure and complications of ETLIF can include cage subsid-
ence/migration as well as non-fusion.

a b c

Fig. 19.4 Spondylolisthesis at Lumbar 4–5 with spinal stenosis. (a) MRI Lumbar spine T2 sagit-
tal shows grade 1 spondylolisthesis with disk herniation causing spinal stenosis at the L4–5 level. 
(b) MRI Lumbar spine T2 axial shows a broad-based disk with resultant severe lumbar spinal 
stenosis. (c) Standing plain film X-Ray shows dynamic instability with increase in spondylolisthe-
sis at that level
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Liu et al. compared 184 patients undergoing ETLIF vs 176 patients undergoing 
traditional MIS-TLIF and reported lower satisfaction of 86.3% vs 92.2% respec-
tively. While ETLIF had a lower rate of adjacent segment disease as compared to 
MIS TILF (0% vs 2.87%), ETLIF had a higher rate of postoperative back pain as 
compared to MIS TLIF [54].

Figure 19.4 shows sagittal and axial MRI images and standing lateral plain film 
x-ray in a patient with grade 1 spondylolisthesis with disk herniation causing spinal 
stenosis at the L4–5 level.

Figure 19.5 shows intraoperative fluoroscopic images of transforaminal placed 
introducer at the anterior boundary of the L4–5 disk space and postoperative 

a b

c d

Fig. 19.5 Endoscopic transforaminal lumbar interbody fusion. (a) Intraoperative lateral fluoros-
copy of transforaminal placed introducer at the anterior boundary of the L4–5 disk space. (b) 
Intraoperative anterior posterior fluoroscopy of transforaminal place tunneller with interbody 
being deployed, crossing midline. (c) Postoperative anterior posterior plain film displaying percu-
taneous placed pedicle screws and rods at L4–5 with an expanded interbody. (d) Postoperative 
lateral plain film showing instrumentation and correction of spondylolisthesis while standing
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anterior–posterior and lateral plain films showing instrumentation and correction of 
spondylolisthesis while standing.

 Endoscopic Posterior Cervical Foraminotomy

 Indications

Indications for endoscopic posterior cervical foraminotomy include chronic radicu-
lar pain and/or neurologic deficits secondary to cervical disk herniation. This also 
includes other causes of cervical nerve root compression such as foraminal stenosis 
due to boney overgrowth, synovial cyst, or abscess. Contraindications would include 
neck pain without radicular symptoms, significant central stenosis with associated 
myelopathy, or deformity/instability [55].

 Outcomes

There is a need for more studies on endoscopic posterior cervical foraminotomy in 
the treatment of cervical radiculopathy secondary to compression. Zheng et  al. 
reports on one of the largest series with a report on 249 patients undergoing endo-
scopic posterior cervical foraminotomy and discectomy for cervical radiculopathy 
secondary to soft disk herniation and/or foraminal stenosis [56]. At final follow up, 
86.7% (216 of 249 patients) had no or minimal arm pain i.e. excellent or good out-
come according to the Macnab criteria. Thirty-three (13.3%) had occasional pain 
which is classified as a fair outcome by Macnab criteria.

 Endoscopic Posterior Cervical Foraminotomy Versus Anterior 
Cervical Discectomy and Fusion (ACDF)

In one of the few prospective studies, Ruetten et al. reported on a randomized con-
trolled trial comparing the efficacy of endoscopic cervical posterior foraminotomy 
vs ACDF for the treatment of lateral disk herniation [57]. Patients experience a 
significant reduction in radicular arm pain at 3  month, 6  month, 12  month, and 
2 year follow up in both groups with no significant difference in outcomes between 
the two interventions. There was no significant difference in complication rates 
between the two groups; however, postoperative pain was significantly reduced in 
the EPCF arm. Postoperative work disability was also shorter in the EPCF group 
(19 days) versus the ACDF group (34 days). Similar return to work results seen in a 
cohort of 100 patients reported by Adamson et al. with an average return to work of 
1.9 weeks with 60% returning back to normal activity within 1 week [58].

Figure 19.6 shows sagittal and axial MRI images of a patient with a right C5–6 
disk herniation.

Figure 19.7 shows images from an endoscopic posterior cervical approach.
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 Endoscopic Thoracic Discectomy

The interlaminar and extraforaminal approaches to the thoracic spine are similar to 
previous descriptions in this chapter to the lumbar and cervical spine. However, 
owing to the unique anatomy of the lungs and pleural space, a third approach exists, 

a b

Fig. 19.6 Right lateralized Cervical 5–6 herniated disk. (a) Preoperative MRI cervical spine T2 
sagittal shows a herniated disk at the C5–6 level lateralized to the right causing radiculopathy. (b) 
MRI cervical spine T2 axial shows right sided foraminal stenosis with nerve root compression 
secondary to disk herniation at the C5–6 neural foramen

a b

Fig. 19.7 Endoscopic posterior cervical foraminotomy. (a) View from an endoscopic posterior 
cervical approach with the drilling of the lamina and medial facet with exposure of the exiting C6 
nerve root and forceps grasping the herniated disk. (b) Removal of the disk herniation with a 
relaxed exiting nerve root laterally and medially thecal sac
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namely the transthoracic retropleural approach. The retropleural space is dissected 
with or without deflation of the lung, and the rib head is resected to expose the 
pedicle at the level of the disc herniation. Ruetten et al. describes their experiences 
with all three approaches using the interlaminar for posterior pathologies, transfo-
raminal for lateralized disk herniations, and transthoracic for medial disk hernia-
tions [59]. With thoracic disk herniations constituting up to 4% of all spine disk 
herniations, no literature exists comparing endoscopic thoracic approaches to tradi-
tional approaches.

 Endoscopic Treatment of Spinal Infections

Endoscopic treatment of spinal infections has a small body of evidence but is con-
tinuing to grow. The smaller incision and decreased tissue disruption provide less 
potential for iatrogenic seeding of the infection especially in patients who may 
already be immunocompromised with poor wound healing capabilities. Patients 
who are high risk for general anesthesia may find an alternative option with an 
endoscopic approach performed under local anesthetics. Choi et  al. reported on 
their experience with various endoscopic approaches to treat a variety of lumbar 
spine infections including facet joint abscess, diskitis with extension to the psoas, 
and lumbar epidural abscess [60]. Typically, in thoracic spine infections, an open 
surgery may entail a transpedicular approach to reach the ventral epidural space or 
disk space. This approach creates a discussion on the need for an instrumented 
fusion in the setting of known infection. A thoracic endoscopic transforaminal 
approach avoiding removal of the pedicle, may be of value for those patients with-
out spinal instability or deformity secondary to their infectious process [61, 62]. A 
systematic review of endoscopic treatment of spinal infections reported a reopera-
tion rate of 21% [63].

 Conclusion

Endoscopic spine surgery has been evolving for over three decades. Improvements 
in the endoscope and instrumentation have pushed the boundaries of endoscopic 
spine procedures. The endoscopic discectomy has a significant amount of literature 
showing efficacy and typically shorter hospital stays than traditional open proce-
dures. The use of the endoscope and orientation of the anatomy especially for the 
transforaminal approach involves a steep learning curve. However, proficiency with 
this tool can allow for novel treatments of pathologies that otherwise involved larger 
open decompressions and fusions such as with thoracic disks herniation and forami-
nal stenosis in adult degenerative scoliosis. Endoscopic interbody fusion is an excit-
ing area of endoscopic spine that warrants large prospective trials and long term 
follow up for fusion rates in order to truly evaluate its utility as compared to stan-
dard and minimally invasive transforaminal lumbar interbody fusion techniques.
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20Minimally Invasive Spine Surgery

Carl Youssef, Salah G. Aoun, and Mazin Al Tamimi

 Minimally Invasive Thoracolumbar Spine Surgery

The first report of microdiscectomy utilizing the microscope was in 1967, which 
still involved open dissection of the paraspinal musculature and laminae [2]. In 
1969, injection of the proteolytic enzyme chymopapain into the disc was used in a 
technique referred to as chemonucleolysis, resulting in the breakdown of macro-
molecules in the nucleus pulposus [3]. This was considered the first minimally inva-
sive spine procedure, although it was not popularized at the time due to several 
reports of arachnoiditis and chemical discitis, resulting in several months of low 
back pain. In 1975, small self-retaining soft tissues retractors were introduced, 
allowing performance of microdiscectomy through a smaller window [4]. The use 
of laser technology in spine surgery was first reported in 1978 when it was used to 
excise spinal cord tumors, but it was not until 1984 that it was first used to treat 
lumbar disc disease [5].

A major milestone in the history of MISS was the development of tubular access 
and retractor systems. The first rudimentary application of this system was in 1991 
[6]. Under biplanar fluoroscopic guidance, a cannula with a guide wire followed by 
a working sleeve with an outer diameter of 5.4 mm were introduced into the affected 
disc. The guide wire was then removed and “nucleus forceps” and high vacuum and 
irrigation were used to remove the disc material. This procedure was performed 
under local anesthesia, and usually took about 20 minutes.
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The tubular approach was further refined in 1997 with the introduction of the 
microendoscopic discectomy (MED) system, in which serial dilators were used to 
introduce a bigger tubular retractor, to which an endoscope is attached [7]. This 
technique did not gain immediate popularity initially, primarily due to the steep 
learning curve and surgeon unfamiliarity with the endoscope, which resulted in 
relatively high rate of unintended dural tears. With more experience, however, it was 
shown to be a reliable minimally invasive approach to microdiscectomies, even for 
large disc herniations. When compared with open microdiscectomy, the MED 
approach had equivalent long-term improvement in pain and disability but with less 
morbidity [8–11].

In the early 2000’s, the MED system evolved into the Microscopic Endoscopic 
Tubular Retractor System (METRx; developed by Medtronic Sofamor DaneK, 
Memphis, TN). Like MED, the METRx system also consists of a series of dilators 
and tubular retractors. One of the distinguishing features between the two systems 
is the incorporation of the operative microscope. The first application of the METRx 
technique was in lumbar microdiscectomies. Initial experience followed by several 
studies demonstrated excellent clinical results and cost effectiveness with this 
approach, particularly in terms of decreased blood loss, less tissue trauma, less post- 
operative pain, lower rates of surgical site infections, shorter hospital stays, and 
faster return to work [12–14]. This system was also found to be favorable in obese 
patients, which is a patient population that typically requires larger incisions and is 
more prone to post-operative infections [15].

Figure 20.1a–e show microdiscectomy using the METRx system. Figure 20.1a 
shows the paramedian approach to the lumbar spine using the tubular retractor. 
Figure 20.1b shows fluoroscopic confirmation of the tubular retractor position over 
the intended disc space. Figure 20.1c shows the view through the tubular retractor 
with the operative microscope. Figure 20.1d shows the small size of the incision 
needed for the procedure. Figure 20.1e shows the extracted large disc fragment.

The use of MISS techniques expanded to decompressive laminectomies, with the 
ability to perform bilateral decompression via a unilateral approach [16, 17]. 
Perhaps the most notable benefit of the minimally invasive approach to decompres-
sion is the preservation of the supporting structures in the lumbar spine, which has 
been shown to minimize post-operative instability and the need for fusion [18]. This 
is particularly important in patients with degenerative spondylolisthesis, in which 
minimally invasive decompression resulted in less progression of the slip and lower 
reoperation rates for secondary fusion [19].

The application of minimally invasive techniques to instrumentation represents 
the next major step in the evolution of MISS. In contemporary spine surgery, pedi-
cle screw fixation has become the standard technique for instrumentation in the 
thoracolumbar spine. To expose the entry point of pedicle screws via an open 
approach, the the multifidus muscle has to be elevated and retracted off the laminae 
and facet joints. This results in atrophy of the muscles due to denervation from dam-
age to the medial branch of the posterior rami as well as ischemic necrosis from 
prolonged retraction. Functionally, this is associated with increased post-operative 
pain and decreased truncal extensor muscle strength [20, 21].
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a b

c d
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Fig. 20.1 (a) Paramedian approach to the lumbar spine using the tubular retractor. (b) Fluoroscopic 
confirmation of the tubular retractor position over the intended disc space. (c) View through the 
tubular retractor with the operative microscope. (d) Demonstration of the small size of the incision 
needed. (e) Extracted large disc fragment

To minimize soft tissue damage, percutaneous pedicle screw fixation was intro-
duced in the early 2000’s [22, 23]. Using this technique, the pedicle is cannulated 
percutaneously via a small stab incision through the skin and fascia, leaving the 
paraspinal musculature essentially intact. Rods are then fitted onto the screws in a 
subfascial fashion using one of several different systems. In thoracolumbar trauma, 
this technique was shown to be a feasible alternative to open fusion, with lower 
operative time, perioperative blood loss, surgical site infection, and pain [24, 25].
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In addition to tubular retractors, percutaneous pedicle screw fixation has revolu-
tionarized the field MISS, particularly for degenerative conditions. In 2002, the first 
minimally invasive posterior lumbar interbody fusion was reported, showing feasi-
bility of achieving wide decompression with interbody fusion while minimizing 
iatrogenic damage [26]. In 2005, several studies reported success with minimally 
invasive transforaminal interbody fusion [27–29]. These early positive results were 
confirmed by several recent systematic analyses, demonstrating efficacy, safety, and 
cost effectiveness [30–33].

The next phase of MISS came in the form of anterolateral lumbar interbody 
fusion techniques. These techniques include the transposas (e.g. lateral), prepsoas 
(e.g. oblique), and anterior approaches [34]. The detailed differences among these 
approaches are beyond the scope of this chapter, but these approaches offer several 
advantages worth noting here. Since anterolateral approaches can be used as a 
standlone arthrodesis technique of the anterior lumbar spine, one of the major 
advantages is the complete avoidance of violating the paraspinal musculature, facet 
joints, and other posterior supporting ligaments, thus maintaining structural integ-
rity of the lumbar spine. Even when posterior instrumentation is required, it is often 
achieved with percuatneous techniques that maintain the minimally invasive nature 
of the procedure. In patients with prior fusions presenting with adjacent segment 
disease requiring revision, an anterolateral approach can be utilized to treat that 
adjacent segment, thus avoiding re-opening the posterior incision and the morbidity 
associated with revision surgery [35, 36]. Another major advantage of minimally 
invasive anterolateral approaches is the ability to provide indirect decompression in 
patients with central or foraminal stenosis. By removing the collapsed disc and 
placing an interbody cage, the disc height is restored, which in turns increases 
foraminal height and minimizes “buckling” of the ligamentum flavum postrerior to 
the thecal sac [37–40].

 Minimally Invasive Thoracic Spine Surgery

The thoracic spine is the most structuraly stable segment of the mobile spine because 
of the added support by the ribcage [41]. As a result, degenrative conditions are not 
as common in this region as they are in the cervical or lumbar spine. Nonetheless, 
several conditions, such as deformity, tumors, trauma, and infections, can affect the 
thoracic spine and necessitate surgery. From the late nineteenth century to the early 
twentieth century, surgery on the thoracic spine has predominantly consisted of dor-
sal decompression via laminectomy. The main limitation of that approach is the 
inability to achieve ventral decompression of the thecal sac or reach lesions involv-
ing the anterial thoracic spine due to the presence of the spinal cord [42]. To address 
that limitation, several posterolateral techniques were introduced as early as 1894 
when the costotransversectomy approach was decribed to drain tuberculous para-
spinal abscesses in patients with Pott’s disease [42]. In 1956, the anterolateral 
approach via thoracotomy was introduced to provide wide multilevel exposure to 
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the anterior thoracic spine, which is sometimes necessary for correction of kypho-
scoliotic defomities and tumor resections [43].

The posterolateral and transthoracic approaches to the thoracic spine have 
allowed for much better access to the ventral thoracic spine. However, as one can 
imagine, these can be very invasive procedures and can be associated with signifi-
cant morbity. The reported complication rate for the transthoracic approach is as 
high as 39% whereas the complication rate for posterolateral approaches ranges 
between 15% and 17% [44]. Thus, the need for the incorporation of MISS tech-
niques to this challenging region of the spine has become apparent.

One of the major advances in minimally invasive thoracic spine surgery is the 
incorporation of video-assisted thoracoscopic surgery (VATS) technology. This 
techonology was developed by cardiothoracic surgery in the early 1990’s to sup-
plant the traditional thoracotomy approaches to several intrathoracic pathologies 
[45]. The advantages of VATS over open thoracotomy were readily apparent—
smaller incision, less acute and chronic pain, reduced length of hospital stay, and 
faster return to normal activities. Since 1991, the utility of VATS has been success-
fully demonstrated in treating thoracic disc herniations, anterior release for defor-
mity corrections, corpectomies, and drainage of spinal abscesses, without the high 
morbidity associated with the traditional thoracotomy approach [46]. This proce-
dure, however, is associated with a steep learning curve and requires specialized 
training and collaboration with thoracic surgeons [47].

With regard to posterolateral approaches, advances in minimally invasive tech-
niques to the thoracic spine were developed in parallel with those employed in the 
lumbar spine. Rather than prolonged immobilization or open instrumented fusion, 
the percutaneous pedicle screw fixation technique has been successfully applied to 
internally stabilize fractures [48]. Similarly,the use of tubular retractor systems has 
made it possible to transform invasive procedures requiring long incisions and 
extensive dissection into much less invasive ones [49, 50].

 Minimally Invasive Cervical Spine Surgery

Surgical approaches to the cervical spine have evolved significantly over the past 
few decades. Disorders of the cervical spine can be treated via an anterior approach 
as well as a posterior one. Anteriorly, disc herniations, traumatic injuries, and neo-
plasms involving the vertebral bodies have been treated with anterior cervical dis-
cectomy and fusion (ACDF). First introduced in 1955 and refined in 1958, ACDF 
offers a relatively minimally invasive approach to the anterior cervical spine [51]. It 
is performed through a small incision and without much iatrogenic tissue disruption 
as it takes advantage of the normal tissue planes in the neck.

Variations of the ACDF approach have been developed over the past two decades 
to make the procedure even less invasive. Cervical disc arthroplasty is an example 
of such variation which was popularized in the early 2000’s [52]. It involves removal 
of the diseased disc and replacing it with an artificial disc implant that preserves 
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segmental motion at that level. This procedure does not require placement of screws 
or plates and does not require the aggressive preparation of the endplates needed to 
promote arthrodesis. Furthermore, becasuse of the motion preservation and the min-
imal disruption to normal cervical spine biomechanics, some studies reported better 
long term outcomes compared to ACDF in terms of improved pain and lower inci-
dence of reoperation for adjacent segment disease [53].

Similar to decompression of the thoracic and lumbar spine, laminectomy has 
been the gold standard for dorsal decompression of the neural elements in the cervi-
cal spine. Traditionally, open decompression and/or stabilization with screws/rods 
involve extensive muscular dissection and retraction, which has negative impact on 
the structral integrety of the spine. Postlaminectomy kyphosis is a well- documented 
long-term consequence of the disruption of the posterior supporting bony, ligamen-
tous, and muscular structures, and is particularly improtant in patients with multi-
level decompression and baseline reversal of normal cervical lordosis [54]. To 
minimze collateral iatrogenic damage, minimally invasive approaches to the poste-
rior cervical spine were developed, the most prevalent of which is tubular micro-
scopic or endoscopic laminoforaminotomy [55]. This procedure allows for 
decompression of the lateral thecal sac and exiting nerve root in patients with radic-
ulopathy with minimal trauma to the posterior paraspinal musculature, and has been 
shown to reduce post-operative analgesic medication usage, intra-operative blood 
loss, and length of hospital stay when compared with the open approach [56]. 
Additionally, when compared with ACDF, minimally invasive laminoforamintomy 
was shown to be at least as efficacious as ACDF in treating radiculopathy while still 
maintaining a lower complication profile and reoperation rate [57].

With regard to fusion procedures, open approaches have remained the gold stan-
dard for instrumented posterolateral fixation of the axial and subaxial cervical spine. 
Nonetheless, few minimally invasive posterior fusion techniques are described in 
the literature. One example is C1–C2 instrumented fixation using tubular retractors 
[58]. The procedure is performed through bilateral 2 cm incisions that are 2 cm off 
the midline, and fluoroscopy is used for screw placement. Similarly, multilevel lat-
eral mass screws can be placed using specialized tubular retractors with deep tissue 
expanders called “skirts” [59]. These procedures, however, are technically challeng-
ing and requires normal unaltered anatomy, comfort with open instrumentation and 
general minimally invasive techniques, and excellent fluoroscopic visualization.

Percutaneous facet joint instrumentation is another interesting example. The fac-
etal distraction-fixation procedure was first reported in 2004 as an adjunct to screw/
rod fixation for atlantoaxial instability [60]. It has then evolved to treat instability 
and degenerative pathologies in the axial and subaxial spine by “jamming” a metal-
lic cage implant in the distracted joint either as a percutaneous standalone fixation 
technique or in combination with open lateral mass screw/rod systems [61]. This 
facetal distraction-fixation technique provides indirect decompression of the nerve 
root and confers segmental stability by promoting arthrodesis. Indeed, the fusion 
rate of the standalone technique after 2 years is up to 98.1%, with no segmental 
kyphosis, device failures, or reoperations [62]. Contraindications to this procedure 
are infections, tumors affecting the facet joint, traumatic facet injuries, and high 
grade listhesis [63].

C. Youssef et al.



461

 Miscellaneous

There are other notable examples of MISS that do not fit within any of the above 
sections. One such example is sacroiliac (SI) joint fusion. The prevalence of sacroili-
tis in patients with chronic low back pain is reported to be up to 30% [64]. Nonetheless, 
it has remained an under-recognized problem in patients presenting with low back or 
buttock pain due to the significant overlap of symptoms and the lack of specific diag-
nostic tests or reliable physical exam findings [65]. Once the diagnosis is established, 
usually by a constellation of exam findings and diagnostic injections, surgical treat-
ment can be offered to stabilize the joint if the patient fails a trial of therapeutic injec-
tions and/or radiofrequency denervation. Different surgical approaches to the SI joint 
have been described. The intra-pelvic anterior approach to the SI joint over the pelvic 
brim is one of the earliest approaches described in the literature, but it is an invasive 
procedure and access to the joint is limited by the iliac vessels and the S1 and S2 
nerve roots [66]. To avoid the morbidity of the anterior approach, an open lateral 
trans-iliac subgluteal approach was developed, which minimized the possibility of 
direct injury to the major vessels and nerve roots [67]. Still, this also constituted an 
invasive approach, requiring dissection of the gluteal muscles and drilling a bony 
window in the iliac bone, entailing the possibility of indirect neurovasular injury with 
misguided screws or dowels across the ventromedial aspect of the joint.

Beginning in the early 2000’s, minimally invasive SI joint fusion techniques have 
been introduced, utilizing fluoroscopic guidance to percutaneously place triangular 
or cylindrical implants across the joint through either a lateral transarticular 
approach or a posterior intraarticular approach [68, 69]. When compared with their 
open counterparts, minimnally invasive techniques demonstrate superior pain relief 
and decreased perioperative morbidity [70]. When compared to nonoperative man-
agement, SI joint fusion undoubtedly provides excellent long term outcomes in 
terms of improvement in pain, decreased opioid consumption, faster return to work, 
and improved quality of life [71, 72]. Currently, as progress is made in the diagnosis 
and treatment of sacroilitis, minimally invasive SI joint fusion is increasingly 
becoming an integral component in managing patients who have failed a trial of 
conservative management.

Vertebroplasty and kyphoplasty represent another major form of MISS. This pro-
cedure was initially described in 1987 in France [73]. In the mid 1990’s, the proce-
dure gained popularity in the United States, and its use has expanded to encompass 
osteoporotic fractures, pathologic fractures, and augmentation of weak vertebrae 
prior to surgery [74]. It is a minimally invasive procedure that is performed percu-
taneously under fluoroscopic guidance by inflating a balloon to restore height and 
injecting methyl methacrylate cement into the vertebral body through a transpedicu-
lar or parapedicular needle [75]. The most common indication for the procedure is 
osteoporotic compression fracture refractory to conservative management for at 
least 2 weeks. Another common indication is the treatment of metastases with or 
without adjucant surgery or radiation to not only relieve pain but also to maintain 
structural integrity in the setting of lytic vertebral body lesions. The procedure is 
very effective, with significant short and long term improvement in mobility, anal-
gesic usage, pain at rest, and pain with activity [54].
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 Technological Advances in Minimally Invasive Spine Surgery

Image-guided surgery (IGS) has had a tremendous impact in the development and 
expansion of the field of MISS.  Intra-operative imaging evolved from two- 
dimentional (2-D) fluoroscopy and plain films to more advanced three-dimentional 
(3-D) intra-operative navigation systems. The first application of a 3-D navigation 
system in spine surgery was reported in 1996 when a cranial neurosurgery naviga-
tion system utilizing pre-operative CT images was adapted to spine surgery [76]. 
This interactive navigation system demonstrated improved instrumentation accu-
racy and better intraoperative localization of important anatomic structures com-
pared to traditional 2-D imaging methods. Building upon that technology, 
fluoroscopy-based navigation systems were developed, with the main advantage of 
offering “real time” intra-operative images rather than using images obtained pre- 
operatively [77–79]. Further advances led to the development of intra-operative 
CT-guided navigation systems (e.g. O-Arm, Medtronic Inc., Louisville, Colorado, 
USA), which currently remain the gold standard in intra-operative navigation in 
spine surgery. The newer low-dose CT-based systems allow for the rapid acquisition 
of optimal intra-operative imaging and precise navigated instrumentation, while 
still decreasing overall radiation exposure to surgical staff and decrreasing operative 
time in certain situations [80–82].

Another exciting example of the influx of technology into the field of spine sur-
gery is the incorporation of robotic technology. Surgical robotic technology in gen-
eral is divided into two categories: telesurgical robotic systems and robotic-assisted 
navigation (RAN) [83]. An example of the former is the Da Vinci robotic system 
(Intuitive Surgical Inc., Sunnyvale, CA, USA), through which the surgeon is able to 
perform the surgery from a command station with the robot handling all the instru-
ments. This system is most commonly utilized in general surgical specialties; it is 
not FDA-approved for spine surgery and its role in spine surgery to date has been 
limited to few reports describing its usage for anterior exposure of the lumbar spine.

The latter category of robotic surgery is more relevant to the field of MISS. In 
RAN, the role of the robot is to provide guidance to the surgeon in placement of 
instrumentation utilizing pre- or intra-operatively obtained imaging. The first RAN 
system was developed in 2004 and later obtained FDA aproval for use in spine sur-
gery [84]. The initial prototype utilized pre-operative CT scans merged with intra- 
operative fluoroscopy. It demonstrated high accuracy in pedicle screw placement 
and significantly reduced radiation exposure when compared to fluoroscopy-guided 
instrumentation [85]. As with any new technology, however, initial experience 
revealed a steep learning curve and occasional issues with accuracy due to issues 
with registration or excessive pressure from soft tissues or the surgeon on the robotic 
arm resulting in deviation from planned trajectory. Newer iterations of RAN 
improved upon the initial prototype, producing smaller robotic systems that are able 
to process information seamlessly, plan multiple trajectories simultaneously, detect 
drill skiving, and compensate for patient movement. With these recent refinements, 
accuracy of pedicle screw placement was as high as 99% and with minimal need to 
return to the operating room for malpositioned screws [86]. Nonetheless, robotic 
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technology in spine surgery remains in its infancy, with ongoing studies about long 
term outcomes and cost-effectiveness compared to the more established technolo-
gies [87, 88].

Lastly, we will conclude this section with a discussion about augmented reality 
(AR) surgical navigation technology in spine surgery. With this technology, the sur-
geon, via wearable heads up display or the operative microscope, is able to have 
“x-ray” vision by superimposing a virtual picture onto the patient’s physical anat-
omy. This technology has been applied not only in pedicle screw placement but also 
in other procedures such as tumor resections, deformity corrections, and vertebro-
plasty/kyphoplasty [89]. One advantage of AR over prior methods of IGS is the 
ability of the surgeon to maintain field of vision over the patient rather looking away 
from the surgical field onto a screen. Furthermore, AR provides an excellent educa-
tional tool outside of the operating room, allowing trainees to place virtual pedicle 
screws with haptic feedback [90]. Again, as is the case with robotics, AR still 
remains in a very early stage in its clinical application to spine surgery, and further 
studies are needed to validate its outcomes and cost-effectiveness.

 Conclusion

Tremendous advances have been made in the field of minimally invasive spine sur-
gery. With growing technology, spine surgery is gradually transforming away from 
the traditional open approaches that usually result in extensive collateral iatrogenic 
to more sleek approaches utilizing an armamentarium of new imaging and instru-
mentation tools. The overall end result of this paradim shift is less acute and chronic 
pain, minimal blood loss, shorter hospital stay, less radiation exposure, and faster 
return to normal function. The future of MISS is promising as current technologies 
are constantly being refined and newer advances are continuously being imple-
mented and validated.
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21Cervical Spine Problems

Michael Van Hal

The cervical spine is a critical structure for both maintaining and protecting the 
structural integrity of the cervical spinal cord and nerve roots as well as providing 
the structural support for the head. The cervical spinal cord itself functions as an 
information superhighway that carries information to and from the arms, thorax, 
and lower body to the brain and back in a variety of complex efferent and afferent 
pathways which are beyond the scope of this chapter. These pathways can be dis-
rupted in a variety of ways such as tumors, trauma, infections, medical diseases, 
toxins, or degenerative conditions. While tumor, trauma and infectious etiologies 
will be discussed in other chapters of this book, this chapter will deal with the vari-
ety of ways that this complex structure can develop degenerative and inflammatory 
disease and the surgical options to address these disorders.

We are going to look at a variety of ways the cervical spine degenerates and the 
clinical scenarios such as axial neck pain, disc herniation, spondylosis, and spondy-
lotic myelopathy. We will briefly discuss the medical causes of myelopathy and 
myelitis that should be considered prior to surgical intervention. Then finally we 
will consider inflammatory conditions with special consideration for the pathology 
that is specific to patients with rheumatoid arthritis particularly at the upper cervi-
cal spine.

The distinction between normal aging and pathological conditions is blurred. 
There is not always a distinguishable level of degeneration that correlates with a 
pathological state versus the normal aging process. While individual discs can show 
degenerative changes if they are traumatized, more often discs degenerate more 
symmetrically which shares many of the same characteristics of aging discs [1]. 
Neck pain is nearly universal for all populations for short periods of time and spon-
dylotic changes are nearly universal but the prevalence of these changes increases 
with increasing age [2]. There is relatively poor correlation between the severity of 
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spondylotic changes on imaging with the degree of symptoms. Thus, both the art 
and science of medicine must be used to evaluate patients’ complaints and imaging 
findings to correlate the two sources of information before intervention can be 
recommended.

While in the healthy state, the disc, which includes the nucleus pulposus and 
outer annulus fibrosis, functions in concert with the ligamentous complex in the 
posterior portion of the spine. This ligamentous complex is composed of multiple 
individual ligaments and the facet capsules which function in concert to create a 
tension band that restrains the kyphotic forces on the spine. This complex configura-
tion provides stability with the bone structure to protect the neural structures within 
the spinal canal and to support loads placed upon the spine. The flexibility of the 
disc and ligaments allows motion to occur despite this need for stability and protec-
tion. However, this motion does make the spine susceptible to degenerative 
changes [3].

Even with “normal physiologic aging” the disc undergoes a variety of changes 
with a relative loss of water content [1]. The glycosaminoglycans (GAGs) begin to 
change in amount and type. The highly hydrophilic GAG aggrecan is lost and the 
subsequent water turgor pressure seen in the young healthy disc is lost [1].

The degeneration of the disc creates a posterior bulge. The healthy disc is nor-
mally higher anteriorly than posteriorly (lordotic alignment of the disc). However, 
when it degenerates it loses this lordotic alignment. A degenerative disc creates a 
relative kyphotic level which further exacerbates the posterior loading of the disc 
[4]. The loss of disc height can also cause buckling of the ligamentum flavum on the 
posterior aspect of the canal. This can lead to further narrowing of the canal in addi-
tion to the posterior disc bulging. There is an ensuing increase in the subsequent 
force that is placed on the endplates in the cervical spine. This increased physiologi-
cal load leads to the formation of osteophytes in the body’s attempt to distribute this 
increased load. This is seen especially at the facets, uncovertebral joints, and the 
margins of the disc. Osteophytes at any of these locations can lead to neurological 
symptoms if they irritate/impinge the neural elements leading to clinical symptoms 
characteristic of radiculopathy and myelopathy. This cascade can lead to a vicious 
cycle of disc degeneration, kyphotic alignment, facet loading and subsequent nar-
rowing of the foramen and the more central aspects of the canal.

This simplified background is reviewed here to develop a framework of under-
standing the cause of degenerative changes in the neck and it is useful in educating 
patients. Two of the more common questions asked in practice: “How did this hap-
pen?” and “How do I slow or reverse it?”. These questions are frustrating to clini-
cians as well since we are forced to admit that despite our understanding of the 
process, other than avoiding exacerbating factors, we do not know how to forestall 
or reverse this process.

Therefore, much of the excitement regarding regenerative medicine holds such 
promise in that it might be able to repair or reverse the process that leads to many of 
these degenerative clinical conditions. However, in its current state the scientific 
support of most regenerative medicine is poorly substantiated.
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In such a background of disc degeneration and spondylosis, we will now con-
sider axial neck pain, acute disc herniations, cervical spondylosis that can lead to 
radiculopathy and or myelopathy. We will consider these all from a surgical per-
spective. As we approach each clinical entity, we will consider their clinical presen-
tation, initial management and surgical options and surgical approaches. Of note, 
every person’s clinical presentation needs individual correlation. For example, disc 
herniations in a large, capacious canal may produce minimal symptoms other than 
neck pain, while a similarly sized disc herniation in a patient with congenital steno-
sis may be severely affected with myeloradiculopathy. Thus, each patient’s care 
must be individualized within his or her entire clinical scenario.

Axial neck pain is a common clinical scenario, in fact the incidence is about 10% 
per year [5, 6]. Moreover, a majority of people will experience it at some point in 
time [2, 7]. While neck pain can be due to a multitude of causes, the majority are 
due to either muscular strains or ligament sprains [5]. However, there are many 
other causes that can lead to neck pain such as stress or referred pain from the tem-
poromandibular joint or the shoulder. There is evidence that discs and facet joints 
themselves can be a source of pain via the sinuvertebral nerve and the dorsal pri-
mary rami respectively which can transmit pain [8]. Degenerative changes in these 
areas do appear to correlate with patient’s pain albeit imperfectly and these areas 
can be targeted for pain alleviation. Yet, other confounding sources of pain must be 
properly considered and ruled out.

While axial neck pain is common, it is usually self-limited in its natural history 
and as such the mainstay of treatments is aimed at symptom control while the natu-
ral history takes its course. Most care includes a large amount of reassurance. There 
is often much fear that the pain will progressively worsen or that something serious 
is happening which can exacerbate the symptoms [9]. A minority of patients that do 
not improve should be more closely evaluated for subtle treatable causes of neck 
pain. Treating neck pain with an operation to fuse the cervical spine is extremely 
controversial and it has not been shown to be effective [10]. Furthermore, there are 
radicular patterns that can cause pain in the neck which will be addressed. These 
radicular type neck pain patterns form a subset of neck pain patients that may 
respond to surgical treatment of the radiculopathy that manifests primarily with 
neck pain, but these are a separate entity from a majority of true axial neck pain 
patients.

Non-surgical management of axial neck pain should include education which 
can be sufficiently therapeutic in some patients [11]. This has been more effective 
than most other treatments when combined with manual therapy and exercise. A 
short course of intermittent soft collar is frequently helpful in the short term. This 
allows the muscles to rest and reduces secondary neck muscle spasms without using 
pharmacological agents. Intermittent use is recommended to avoid muscle atrophy 
in the neck.

Additionally, a short trial of non-steroidal anti-inflammatory drugs should be 
considered as these have shown to have good efficacy in treating axial neck pain. 
Whether these medications change the natural history to shorten the course of an 
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acute axial neck pain episode is unclear. Regardless they do help effectively manage 
the pain and either the natural history or the medicine itself will help control the 
symptoms in a majority of cases. Muscle relaxants are another short-term medicinal 
option for treating neck pain. This muscular pain can either be primary or secondary 
to other causes of acute neck pain as the neck attempts to restrict movement. Oral 
steroids are another medical option but there is little clinical data for steroids 
although they are frequently used for acute neck pain and acute onset radiculopathy 
as well. Antidepressants or anticonvulsants are another option although their use in 
acute neck pain is poorly substantiated by any rigorous studies [12].

Physical therapy and gentle exercise and/or traction may be helpful for symptom 
control. While more effective than most other treatments it has poor evidence that it 
actually changes the natural history of acute axial type neck pain or for acute cervi-
cal radicular syndromes [11].

Cervical manipulation is frequently promoted as a treatment for neck pain. 
Patients frequently ask if its use is recommended or scientifically supported. 
Currently, there is no established science to support this treatment for neck pain 
despite multiple theories. Additionally, there are multiple reports of catastrophic 
cases where manipulation was performed [13–16]. Given the questionable benefits 
gained by this procedure, it is not recommended.

Steroid injections as a treatment for axial neck pain is dependent on the ability to 
localize a pain generator. These interventions may also have serious and even dev-
astating complications. These are thankfully rare but serious ones can range from 
minor infections, dural punctures, epidural hematomas, to even spinal cord injuries 
[17, 18]. They do have potential therapeutic benefit although there is conflicting 
information in the literature [19]. Furthermore, they can potentially provide diag-
nostic benefit by being able to help confirm a pain generator. This can be especially 
true in diagnostically unclear situations such as multilevel degenerative disease or 
in the more cephalad level cervical disc herniations without more distinctly associ-
ated dermatomes. In an increasingly cost-conscious healthcare system and with 
increasing push for quality health care, steroid injections for neck and low back 
radiculopathy have come under increasing scrutiny. While there have been studies 
that these injections do not provide long term relief therapeutically, they still appear 
to be useful diagnostically [20].

Cervical disc herniations occur when the nucleus pulposus is no longer con-
tained by the annulus fibrosis and it protrudes partially or fully through the annulus 
fibrosus. This can be due to chronic degenerative changes or acutely due to a trau-
matic event. There is some evidence that many times this may in fact be a spectrum 
of the same disease: degeneration and subsequent loads exceeding the degenerative 
disc’s ability to handle such loads even in the physiological range or due to some 
level of trauma—a supraphysiologic load. Recently there is even some thought that 
there may be a subclinical infection that weakens discs and makes them susceptible 
to herniations and degenerative changes [21]. Regardless of the precise precipitat-
ing event, the acute nature of the response sets off a standard inflammatory response 
with pro-inflammatory cytokines and phagocytic cell recruitment to the disc hernia-
tion site.
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An acute herniated disc usually has a relatively benign natural history much like 
that of axial neck pain episodes. Given the benign natural history, it can usually be 
managed non-operatively either entirely or initially [19]. Much of the initial man-
agement for the first 6 weeks is similar to that described previously for axial neck 
pain treatment. However, the differences lie in how severe the symptoms are. If 
significant radicular symptoms such as weakness are noted, then more aggressive 
intervention may be necessary. Epidural steroid injections or selective nerve root 
blocks have not been definitively shown to change the natural history of acute cervi-
cal radiculopathy, though they may make the natural history more bearable [22]. 
They may be able to avoid surgery in a small percentage of cases, but this is contro-
versial [23]. While acute soft disc herniations usually have a benign natural history, 
those that become chronic can develop “hard discs” which become calcified and 
osteophytes which are likely less amenable to injections. Surgical intervention for 
radiculopathy is usually reserved for refractory symptoms, progressive symptoms, 
or significant disability (such as significant motor weakness). For those patients that 
fail conservative treatment, surgery is typically very effective in preserving function 
and restoring function and those benefits are maintained long-term [24, 25].

Cervical radiculopathy as a clinical entity is fairly straightforward. Each nerve in 
the cervical spine C5 through T1 has a characteristic dermatome, myotome. 
Furthermore, C5, C6, C7 and C8 all have reflexes that can be used to help identify 
which nerve is affected. (See Table  21.1 Cervical myotomes, dermatomes, and 
reflexes).

The nerve root irritation can cause depolarization and irritation of the nerve 
which can cause pain, numbness, tingling, paresthesia in the distribution of the 
nerve. Diagnosing radiculopathy in nerve roots above C5 is more challenging since 
these nerve roots do not have a characteristic myotome and there is more overlap in 
the dermatomes to include the axial neck region. C2 radiculopathy can present as an 
occipital headache or numbness, while C3 radiculopathy can appear as subaxial 
pain in the neck. When C4 radiculopathy is present, the neck pain is typically 
located more distally. Thus, while C3 and C4 do not have a specific myotome, radic-
ulopathy from either level can be misdiagnosed as axial neck pain.

Table 21.1 Cervical nerve roots and their respective dermatomes, myotomes, and reflexes 
if present

Cervical nerve 
root Cervical dermatomes

Cervical myotomes (Primary 
ones)

Reflex
(If present)

C2 Occipital None None
C3 Upper cervical neck None None
C4 Mid neck None None
C5 Upper neck to shoulder/

lateral arm
Deltoid/biceps Biceps

C6 Lateral forearm Wrist extension Brachioradialis
C7 Middle finger Triceps Triceps
C8 Ring/small finger Finger flexion None
T1 Ulnar forearm Finger abduction None
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One useful way to distinguish cervical radiculopathy from non-specific axial 
neck pain is nerve tension signs. The shoulder abduction test is one such test which 
is positive when the patient’s pain is relieved by raising the arm over the head. This 
decreases the tension on the nerve from the weight of the arm itself. This improve-
ment in symptoms is usually the opposite pattern from shoulder pathology which 
can mimic pain in the neck. However, shoulder pathology pain is usually exacer-
bated when lifting the arm. While this can be seen in cervical radiculopathy at all 
levels in the cervical spine, it is especially useful for C3 and C4 radiculopathies 
given the relatively generic symptoms and non-specific findings associated with 
these particular nerve roots.

Electromyography and nerve conduction studies are frequently not helpful diag-
nostically in these upper cervical spine radiculopathy scenarios since there is not a 
specific myotome and there is no peripheral nerve easily accessed. However, diag-
nostic shots can be very helpful in addition to a thorough history and excellent 
physical examination. This is especially true in the multidisciplinary spine center 
setting which fosters close association with non-operative spine specialists. These 
specialists can provide an accurate localization of the pain source. Clear communi-
cation as well as the ability to review the imaging of the injection’s location can help 
increase the information available to surgeons. This can be especially useful for 
counseling patients. Utilizing providers within one system and maintaining very 
subspecialized roles within that system increases accuracy and communication and 
facilitates patient outcomes and fewer fusions [26]. Furthermore, higher volume 
centers and high-volume surgeons appear to be associated with better outcomes [27, 
28]. Muscle testing for each nerve root myotome is challenging with significant 
overlap between muscle groups even in the lower myotome-associated levels of the 
cervical spine. Additionally, there are frequent anatomic variations which can fur-
ther cloud the diagnostic accuracy. For the purpose of training, testing, and evalua-
tions, the ASIA worksheet shows classic myotomes and dermatomes. This can be 
seen in Fig. 21.1.

Unfortunately, non-operative care is usually compared to operative interven-
tions, but the comparison is rarely homogenous. The non-operative care can vary 
widely between non-operative patients.

The surgical options for an acute disc herniation causing radicular findings 
include one of three standard surgical approaches: foraminotomy with or without 
disc fragmentectomy, complete discectomy and fusion, and complete discectomy 
and an artificial disc replacement. Unlike disc herniations in the lumbar spine, in 
which the surgeon can mobilize the cauda equina nerve roots to access the disc 
herniation in the canal, the cervical spinal cord cannot be mobilized and as such the 
disc herniation must be delicately handled to ensure no spinal cord damage is 
inflicted while mobilizing/removing the herniated portion. This leaves two relative 
approaches: either anterior with removal of the offending pathology or a posterior 
approach that accesses the disc and nerve root lateral to the spinal cord. If the disc 
herniation is lateral to the spinal cord, then mobilization of the nerve root alone and 
foraminotomy of the cervical nerve root is reasonable and should yield excellent 
results in a safe manner [29]. However, more often the disc herniation is not 
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Fig. 21.1 American Spinal Injury Association Worksheet for Key Muscle and Sensory Points

localized to only the lateral aspect of the canal and the disc is not just in the foram-
ina but it is more broadly based with both more central canal and lateral portion. If 
the disc herniation is in the lateral aspect of the canal and causes stenosis of only the 
nerve root and the neuroforamen then mobilization of the nerve root and subsequent 
discectomy is not only less technically difficult but also less risky to the patient. 
Also compared to anterior cervical discectomy and fusion, posterior foraminotomy 
preserves a motion segment which can be especially advantageous in the young, 
non-spondylotic patient.

Anterior approach surgery for the cervical spine is a great option as it is much 
less disruptive since it can utilize the normal tissue planes with just manipulation of 
potential spaces. This allows the patient to have a less painful recovery and usually 
a lower wound complication rate [30]. However, violating the disc from the front 
requires removing the entire disc. Violating the disc even with a needle leads to a 
progressive disc degeneration [31]. As such, replacing the disc with material such as 
bone for fusion or an artificial disc replacement is the standard of care. There have 
been discectomies from the front without fusion or disc replacement but this is not 
done frequently due to return of symptoms and development of local kyphosis 
although this is controversial [32].

While anterior cervical discectomies and subsequent fusions are generally a very 
well tolerated procedure and the outcomes are excellent, the concern for adjacent 
segment degeneration, and preservation of motion prompted the development of 
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cervical disc replacement (CDR) as a surgical option. This has proven to yield 
excellent results. While CDR is a relatively newer technology, the long-term results 
to date for appropriately selected patients reveal very encouraging outcomes [33, 
34]. The amount of degenerative changes and facet arthropathy that is amenable to 
disc replacement is still controversial. Currently, significant degenerative changes in 
the cervical spine are a relative contraindication for the use of a cervical disc 
replacement.

While a disc herniation can occur in the relatively young and healthy appearing 
spine, the aging spine frequently shows spondylosis at multiple levels. This cervical 
spondylosis can also lead to pain and dysfunction in the axial spine. Surgical treat-
ment of axial neck pain as stated before is controversial as it is frequently difficult 
to find a localized source of the pain.

However, the degenerative changes may progress and may lead to a decreased 
cross-sectional area in the canal or the foramen leading to distinct clinical syn-
dromes: cervical myelopathy or cervical radiculopathy respectively. These usually 
have a different natural history than the acute soft disc herniation which is more 
frequently benign and more commonly associated with radiculopathy primarily.

When spondylotic changes narrow the foramen, this narrowing may subse-
quently lead to radicular symptoms if the nerve is impinged. However, these symp-
toms present similarly to those of an acute disc herniations in the neck. However, 
these spondylotic radicular patients often have a more insidious onset of symptoms 
with long standing neck pain that can slowly progress to persistent arm symptoms 
as well. These patients are successfully treated with an anterior discectomy and 
fusion similar to the surgery for a disc herniation and foraminal narrowing around 
the nerve. While posterior foraminotomies are an option, given the spondylotic 
changes that usually accompany the uncovertebral joints, and the posterior facet 
hypertrophy, a foraminotomy alone can be difficult to fully address the foraminal 
stenosis. A complete discectomy anteriorly can remove not only the disc but also 
resect the osteophytes from the uncovertebral joint which are a frequent source of 
compression for the exiting nerve roots. Additionally, the fusion can help to allevi-
ate motion through the facet indirectly alleviating the arthritic pain preventing the 
development of further facet hypertrophy that can cause nerve root compression and 
re-stenosis. Finally, placing a solid material in the disc space can help indirectly 
open the foramen by restoring the disc space height to normal. This allows the fora-
men to enlarge in the superior/inferior dimension which leads to indirect decom-
pression. As stated previously, cervical disc replacements are controversial when 
the degenerative changes become more extensive, but this is an evolving opinion 
since it is a relatively new technology.

Facet arthropathy is frequently seen in a degenerative cervical spine as well. 
While facet arthropathy can be a frequent source of pain, facet arthropathy alone, is 
not a reason to perform surgery as these patients have inconsistent and variable 
results with surgical intervention, namely, cervical fusions. Cervical fusions are 
controversial in the absence of radicular or myelopathic clinical features. Fusions to 
treat axial neck pain even in the setting of severe spondylolitc changes is extremely 
controversial as the outcomes are less reliable [35].
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Rarely however, the arthritic cervical facet joint can develop facet cysts. These 
are due to degeneration of the facet joints and a relative weakness in the facet cap-
sule. This allows the development of a cyst adjacent to the facet joint. These are 
relatively rare but given the variability in the size of the cyst, they can cause a vari-
ety of symptoms. Treatment for these is usually conservative to a point but then 
surgery can be very successful to remove the cyst. Some people argue these should 
be fused to prevent recurrence of the cyst by removing the joint motion and thus the 
causative agent of the cyst creation. However, this is controversial. These cysts are 
rare enough that the best treatment and natural history is still as yet unclear [36]. 
One option is to remove the cyst, which would require a posterior approach given 
the location of the cyst originating from the facet which is clearly posterior to the 
spinal cord. However, one option is to not resect the cyst and simply fuse it anteri-
orly. This does not directly remove the cyst, but it can stop the motion at the facet 
and allow the facet cyst to reabsorb over time with the lack of motion at this level, 
which has been shown in the lumbar spine [37].

As spondylotic changes progress, the central canal may be compromised leading 
to compression and dysfunction of the spinal cord itself and not just the exit-
ing nerves.

Cervical spondylotic myelopathy as a clinical scenario is most often considered 
a surgical diagnosis. While there have been some studies that show some mild cases 
do not progress, the majority do. However, there are no clear natural history studies 
that clearly demonstrate the course without intervention. There is a wide variation 
in the clinical presentation, as well as the rate of progression. In a majority of cases, 
there is relatively insidious onset of hand clumsiness which is often attributed to 
comorbidities such as arthritis of the hands. As the myelopathy progresses it can 
lead to more significant upper motor neuron dysfunction such as weakness, ataxia, 
clumsiness that progresses to weakness, hand atrophy, and even lower extremity 
symptoms as well as bowel and bladder dysfunction. In a progressive, untreated 
case, the patient frequently goes from walking unassisted, to walking with assistive 
devices, and then to being wheelchair dependent. While the pathology can be 
addressed at any point, doing it when dysfunction is mild is highly recommended 
[38, 39]. Cervical spine surgery is much more predictable at preserving function of 
the spinal cord than restoring it.

When a patient with spondylolytic changes also has symptoms and signs of 
myelopathy, it is important to consider and rule out other mimickers of cervical 
spondylotic myelopathy (CSM). This includes other medical causes of myelopathy 
such as cerebral dysfunction like Parkinson’s disease, cerebellar dysfunction, and 
cerebrovascular accidents. The other mimickers of cervical myelopathy due to 
spondylosis can be intrinsic spinal cord dysfunction. Examples of these include: 
amyotrophic lateral sclerosis (ALS), multiple sclerosis, (MS) and subacute com-
bined degeneration of the spinal cord (B12 deficiency). While the differential can be 
extensive, these can usually be ruled out with a thorough history. Probably the most 
common mimicker of CSM would be MS or transverse myelitis. In fact, transverse 
myelitis can be the initial symptom in MS in many cases (13%) [40]. Amyotrophic 
lateral sclerosis characteristically affects the anterior horn cells. As such it is 
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sensory sparing but can show mixed upper and lower motor neuron signs which can 
make it similar to CSM.

Cervical spondylotic myelopathy (CSM) also may have mixed upper and lower 
motor neuron signs. Furthermore, the physical examination frequently shows upper 
motor neuron signs that localize to the cervical spine. These include but are not 
limited to the Hoffman sign, Babinski sign, and inverted brachioradialis reflex. Of 
note, the mandibular reflex should not be present and if it is then it would argue that 
there may be an intra-cranial pathology that is causing upper motor neuron signs.

In general, the surgical goal for to CSM) patients is to decompress the canal. A 
posterior laminectomy/laminoplasty will allow the cervical spinal canal to increase 
in diameter and allow the spinal cord to expand and thus hopefully recover some 
function or at least halt the progression of the dysfunction. A posterior approach for 
laminectomy or laminoplasty does require a neutral or lordotic alignment of the 
spine. This can be an issue when the spondylotic changes are extensive which have a 
tendency to create either locally kyphotic segments or a globally kyphotic cervical 
spine. This is due to degeneration of the disc, which is normally higher anteriorly 
than posteriorly, which when it degenerates it shortens, effectively causing kyphosis 
the cervical spine. If this is the case, then anterior and posterior approaches to restore 
the alignment anteriorly and improve the canal diameter posteriorly can be utilized 
for a complete spine reconstruction. While the canal could be fully decompressed 
from the front with a corpectomy (removal of the cervical vertebral body), generally 
this requires stabilization from a posterior approach as well if it is more than a single 
level corpectomy [3, 41]. Corpectomies can be necessary for severely kyphotic necks 
or for severely damaged vertebral bodies or if the pathology is posterior to the verte-
bral bodies such as in ossification of the posterior longitudinal ligament.

However, generally if the pathology is extensive and the alignment is neutral or 
lordotic, a posterior laminectomy or laminoplasty is the preferred approach to make 
more room for the spinal cord. Except in extremely low demand patients or near 
ankylosed spines, a fusion is generally added to laminectomies to enhance stability 
and prevent post-laminectomy kyphosis which can occur in about 20% [42]. 
Posterior cervical fusions have been performed by getting the posterior facets to 
fuse. This can be accomplished by bone grafting into the facet joints. Furthermore, 
the joints can be stabilized with posterior lateral mass screws. These implants, while 
very useful for stabilizing the lateral masses, do add significantly to the overall sur-
gical cost.

Determining the best posterior approach option between laminectomy and fusion 
versus a laminoplasty is controversial. In general, both achieve a larger canal. 
Laminoplasty has the advantage of decreased operating time and costs. Laminoplasty 
does preserve motion but this may be associated with increased neck pain. So, sig-
nificant preoperative neck pain is a relative contraindication to laminoplasty. A 
fusion does require longer operative times, more blood loss, higher implant cost, but 
it may be associated with less post-operative neck pain. More extensive foraminoto-
mies can be performed given the increased stability with the fusion rather than a 
laminoplasty.
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Another disease that can lead to cervical myelopathy which is not necessarily 
associated with spondylotic changes include the entity of ossified posterior longitu-
dinal ligament (OPLL). This is a clinical syndrome which was first described in the 
Japanese population where it can be found in approximately 2–4% of the population 
[43]. However, the exact disease mechanism is still not completely understood. 
There appears to be a significant genetic component although it is multifactorial in 
its development [43]. Laminoplasty was originally developed to address OPLL 
since it is seen more frequently in younger patients. A posterior approach for OPLL 
spines with myelopathy is usually recommended due to the higher chance of a 
durotomy with anterior procedures. This anterior durotomy can be extremely chal-
lenging to repair. Thus, posterior approaches are usually preferred to avoid this 
potential complication. However, the OPLL is still present in cases of posterior 
approaches. Thus, there is the potential for continued growth of the OPLL post 
operatively. While this OPLL progression may be seen regardless of the surgical 
approach, it may be lower in fusion cases [44].

Other diseases besides spondylosis (degenerative arthrosis) can affect the cervi-
cal spine. Inflammatory conditions may also affect the cervical spine and lead to 
instability and/or neurological compromise. A complete discussion of the pathogen-
esis, patterns and treatments of these is well beyond this chapter’s scope as these are 
whole body diagnoses that also affect the cervical spine. A quintessential example 
would be rheumatoid arthritis (RA) as many as 80% of these patients have some 
involvement of the cervical spine [45].

There are other conditions such as psoriatic arthritis, reactive arthritis, ankylos-
ing spondylitis and diffuse idiopathic skeletal hyperostosis (DISH) all of which can 
affect the cervical spine. Ankylosing spondylitis and DISH are important for cervi-
cal spine disease as they can have progressive deformities and can fracture more 
easily. However, they will be discussed in the trauma and deformity chapters in 
more detail.

Ankylosing spondylitis patients can have C1–2 joint erosion with synovial tissue 
around the odontoid. This erosion around the odontoid can erode and create insta-
bility at the atlas and the odontoid. In addition to this, the dens can migrate into the 
foramen magnum and may require stabilization of the occiput and cervical spine to 
prevent progressive migration/deformity and cervical spine instability. Rather than 
discuss how each individual disease can affect the cervical spine, such as ankylosing 
spondylitis. We will focus on one disease, rheumatoid arthritis, as a prototype of 
these diseases.

Rheumatoid patients frequently have progressive joint destruction and inflam-
matory conditions that can lead to cervical spine joint destruction, cervical spine 
instability, and neurological compromise.

Since rheumatoid arthritis is an inflammatory condition, it can affect nearly any 
synovial joint. As such, even joints that typically are not commonly affected as 
severely by degenerative changes can be involved. This includes the atlantoaxial 
articulation at C1–2, occipital cervical settling with subsequent basilar invagination, 
and finally the subaxial spine degenerative changes and subluxation.
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A complete review of the pathophysiology of rheumatoid arthritis is beyond the 
scope of this chapter. However, a brief review of the changes that occur is useful to 
design treatments aimed at specific pathologies encountered in the rheumatic 
patient. Rheumatoid arthritis is due to the immune system that becomes activated 
against the host’s own tissues. This is usually seen early with attacks on the soft tis-
sues but in later stages can advance to involve both cartilage and bone. There is a 
pathoanatomical progression of antibodies and antigen-antibody reactions which 
can be seen in rheumatoid factor in the blood. This is an IgM antibody against an 
IgG antibody. These antibody complexes can be deposited in tissues and contribute 
to end-organ dysfunction. These antibody complexes can then cause microvascular 
proliferation and obstruction, which may lead to synovial pannus formation and 
intimal hyperplasia seen on histological sections [46]. This pannus formation can 
lead to joint subluxation from destruction of the ligaments and subsequent deformi-
ties. Since the advent of disease modifying antirheumatic drugs (DMARDs), the 
severity of rheumatoid disease progression has greatly decreased and the subse-
quent deformities greatly reduced as the deformities are associated with more severe 
disease [45, 46]. However, deformities are still present in those patients who do not 
respond to these drugs or those patients who cannot tolerate these drugs due to side 
effects, or those patients who do not have access to the DMARDs. Fortunately, these 
deformities occur at a lower incidence than in the past.

The C1–2 articulation is a complex interaction of three joints: the paired facet 
joints and the pivot type joint with the anterior articulation of the odontoid/dens of 
C2 and anterior arch of C1 which is held in proximity chiefly by the transverse liga-
ment of C1. Rheumatoid patients can develop erosion of this transverse ligament of 
C1 and thus develop C1–2 instability. This can be seen on flexion and extension 
radiographs such that if the interval between the odontoid and the anterior atlas ring 
known as the AADI (atlanto-dens interval) is greater than 10 mm surgery is indi-
cated even without neurological symptoms. If neurological symptoms are present, 
then surgery to stabilize/fuse this level is indicated.

The options to stabilize the AADI are limited. In the short term a halo can be 
used, but it is not a long-term solution. While a cervical collar can be useful in 
immobilizing the subaxial spine, the upper cervical spine is not well immobilized 
with just a cervical collar.

Surgical options are usually a fusion operation. Historically wiring of C1–C2 
was the primary method to achieve a fusion. However, screw fixation has largely 
replaced wiring. This is mostly often accomplished with C1 lateral mass screws and 
C2 pars or pedicle screws attached with posterior rods (Harms technique) [47]. 
There is another option to pass a single screw from the inferior portion of C2 into 
C1 lateral mass, across the C1–C2 facet joint. This is dependent on vertebral artery 
anatomy and up to one out of five patients may not be a candidate for this transar-
ticular screw due to an inadequate corridor [48].

Rheumatoid necks can also have progressive superior migration of the odontoid 
due to erosion and bone loss from C1 and C2. There are a variety of measurements 
that predict impending neurological impairment. However, surgical indications 
include progressive neurological compromise or progressive cranial migration of 

M. Van Hal



481

the dens. This superior migration of the odontoid is typically treated with an occipi-
tal cervical fusion usually to C2. Often there is such advanced erosion that the sub-
luxed C1–2 is fixed and a cervical decompression of the posterior arch of C1 is also 
often indicated to decompress the subluxed and secondarily narrowed canal.

While subaxial subluxations do occur, these are treated more similarly to anterior 
or posterior fusions described previously. Four or more millimeters of dynamic sub-
luxation is considered unstable, and stabilization with either anterior or posterior 
fusion is likely indicated. Anterior versus posterior approach is chosen based on the 
severity of the compression as well as patient factors, such a prior surgery and over-
all cervical alignment. Fusions are generally recommended due to the progressive 
bone loss and joint destruction in these rheumatoid cases.

In conclusion, surgery for cervical spine pathology has many different approaches 
and options. Like many surgical options for the spine the outcomes are directly 
related to the indication for the surgery as well as the patient’s overall health. While 
the surgical technique itself is vital, the patient’s overall health both mentally and 
physically are also critically important. Choosing the right patient, and the right 
indication and the right approach is a delicate balance of the art and science of sur-
gery which can lead to excellent clinical outcomes when employed skillfully.
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22Thoracic Degenerative Conditions

Ammar Adenwalla, Olatunde Badejo, Kylan Larsen, 
Nisha Reddy, Neha Mulpuri, and Shaleen Vira

 Introduction

Thoracic degenerative disease refers to conditions that result in a loss of normal 
structure and function of the thoracic spine. The use of the term degenerative indi-
cates that the pathological basis for these conditions typically arises from age- 
related deterioration and is generally not due to trauma, malignancy, congenital 
deformity, or an infectious process. Although degenerative conditions of the tho-
racic spine are less common than cervical or lumbar degenerative conditions, they 
still represent a significant cause of back pain, leg pain, sensorimotor deficit, and 
bowel or bladder dysfunction. First-line treatment for these conditions is conserva-
tive management, but surgical management is indicated if symptoms continue to 
persist or worsen. The unique anatomical and biomechanical features of the thoracic 
spine affect surgical treatment strategies of thoracic degenerative diseases.

 Anatomy and Biomechanics of Thoracic Spine

The human spine is classically divided into cervical, thoracic, lumbar, sacral, and 
coccygeal sections. Each region of the spine has unique defining characteristics, 
however, there is a gradual transition within the spine as the anatomy adjusts to meet 
the biomechanical requirements of each section. The Thoracic spine consists of 12 
vertebrae numbered T1–T12 and serves as a rigid stabilizing zone between the more 
mobile cervical and lumbar divisions. The shared features of most vertebrae are also 
present in the thoracic spine, with each vertebra containing a vertebral body, 
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spinous process, lamina, pedicle, and articular processes. Unique characteristics of 
these shared features in the thoracic spine include a changing morphology of the 
spinous processes as they progress caudally and increasing surface area of the ver-
tebral bodies to account for an increased load as more body weight is added caudally.

A key distinguishing feature of thoracic vertebral anatomy is the presence of 
costal facets where the ribs articulate with the vertebrae. The ribs extend to the ven-
tral portion of the body where they articulate with the sternum, either directly or 
indirectly via the costal cartilages. This closed ring adds a level of stability and 
rigidity to the thoracic spine that is not present in the other spinal sections. The 
existence of these articulations leads to the characteristic rigidity of the thoracic 
spine, contributing as much as 40% to the stability of the region [42]. The orienta-
tion of the facet joints in the thoracic spine also plays a role in the increased stability 
of the region. The facet joints in the thoracic spine are oriented in the coronal plane, 
while the cervical facet joints are more axially oriented, and the lumbar facet joints 
more sagittally oriented. Due to this orientation thoracic vertebrae are much less 
likely to dislocate without the presence of a fracture, and greater force is required to 
generate instability in the thoracic spine [28]. Consistent with the reduced flexibility 
of the thoracic region, the spinal canal also narrows considerably in the thoracic 
spine, reaching a cross-sectional area of 198  mm2 at its narrowest compared to 
280 mm2 at its widest [30]. As the spine progresses through its different regions, 
there are key transitional areas where the biomechanical differences of the regions 
meet, and this leads to an increased likelihood of pathology. The cervical to thoracic 
transition zone as well as the thoracic to lumbar transition zone are areas where the 
difference in flexibility and stability of the thoracic spine contributes to an increased 
incidence of pathology.

An illustrative example of how an understanding of biomechanical and anatomi-
cal factors has influenced the treatment of thoracic degenerative conditions is how 
the surgical management of thoracic disc herniations has changed over time. Prior 
to the 1960s, a decompressive laminectomy was the treatment of choice for thoracic 
disc herniations [2, 6]. These surgeries frequently resulted in inadequate decom-
pression, but no reasonable alternative existed. Studies have shown that decompres-
sive procedures such as posterior laminectomies do not alter the biomechanical 
stability of the thoracic spine [13, 21]. The underlying reason for the failure of these 
posterior laminectomies relates to the anatomy of the thoracic region. Due to the 
narrowing of the spinal canal, surgeons found it extremely difficult to properly 
manipulate the spinal cord in the posterior approach [8], and thus morbidity and 
mortality from the procedure were substantial. Over time, novel approaches were 
utilized in the treatment of thoracic disc herniations, and the posterior laminectomy 
was abandoned for approaches that better considered the anatomic limitations of 
the region.

The unique anatomy and biomechanical properties of the thoracic spine have led 
to the creation of numerous surgical approaches and techniques to deal with pathol-
ogies arising in this region of the spine. The surgical management of thoracic degen-
erative conditions requires a critical understanding of anatomic and biomechanical 
principles in order to select the best approach and surgical technique to provide 
relief to the patient.
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 General Surgical Approaches to the Thoracic Spine

The surgical treatment of thoracic degenerative conditions requires the surgeon to 
have excellent knowledge of the relevant patient anatomy, pathology of the condi-
tion, and patient characteristics that may favor certain procedures and approaches 
over others (Fig. 22.1). Selection of the proper approach to correct the pathology is 
paramount to gaining adequate exposure and achieving a successful outcome. There 
are numerous surgical approaches to the thoracic spine, each with its benefits and 
drawbacks. The specific procedural details of each of the approaches described 
below are beyond the scope of this section, instead, a brief overview along with the 
advantages and disadvantages of each approach will be discussed.

 Dorsal Approaches

Dorsal approaches to thoracic spine pathology represent a relatively straightforward 
option to gain access to the entire spinal column. These approaches utilize a midline 
incision to expose the paraspinal muscles, which are ultimately dissected away to gain 
visualization of the spinous processes and lamina. These bony landmarks may then be 
excised via a laminectomy, transpedicular approach, or other novel technique. Benefits 
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Fig. 22.1 Decision tree for selecting the appropriate surgical approach for managing thoracic 
degenerative pathologies. Several factors play a role in determining the most optimal surgical 
approach, including the location of the pathology, the comorbidities of the patient, and the techni-
cal skill of the surgeon. While this diagram provides a high-level overview of the decision-making 
process, every patient presents with a nuanced set of circumstances. Therefore, it is ultimately up 
to the physician to decide upon the most appropriate course of action on a case-by-case basis
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of the dorsal approach include overall smaller operating times when compared to 
other approaches, the ease of performing concurrent instrumentation, and the ability 
to repair dural tears that may arise. Drawbacks to this approach include the previously 
mentioned issues with access to the pathology and the inability to manipulate the 
neural elements in the same manner as what is allowed in the lumbar spine.

 Ventral Approaches

Ventral approaches are used for a wide array of thoracic spinal pathologies, including 
degenerative conditions, as these approaches allow for direct and exquisite visualiza-
tion of the thoracic vertebral bodies. The specific ventral approach selected depends 
on the level of the thoracic spine involved. Pathologies at the cervicothoracic junc-
tion or high in the thoracic spine (T1–T3) are usually treated with a standard ventral 
incision with median sternotomy or a transmanubrial approach if the pathology 
extends to slightly lower levels (T4). Advantages of the ventral incision with median 
sternotomy or transmanubrial approach include direct visualization of the vertebral 
bodies, the ease of performing instrumentation, and the ability to gain ventral expo-
sure of the dura via corpectomy. Disadvantages are related to the limited levels of 
exposure and potential damage to surrounding structures such as the recurrent laryn-
geal nerve. Another option to treat high thoracic pathologies is the transaxillary 
approach. As part of this approach the ipsilateral lung must be deflated, so patients 
with severely diminished respiratory capacity are not good candidates for the proce-
dure. The other main drawback is the potential for damage to the sympathetic chain.

The ventral transthoracic approach utilizes a thoracotomy to gain access to a wide 
range of the thoracic spine (generally from T3 to T10). The thoracotomy can be per-
formed on either side, and the incision should be placed as close to the level of 
pathology as possible. The thoracotomy can be performed with different techniques 
including the transpleural thoracotomy or the retropleural thoracotomy. The ventral 
transthoracic approach can be performed with rib resection or rib sparing techniques. 
Disadvantages of this approach include the need to deflate the lung ipsilateral to the 
incision, the need to retract the diaphragm in order to access lower thoracic levels, 
the potential for the development of a pneumothorax, pneumonia, or pleural effusion, 
and injury to the blood vessels that traverse the thorax in the indicated region.

For pathologies located at the junction of the lower thoracic and upper lumbar 
regions, the ventral thoracoabdominal approach can be utilized. This approach can 
be performed on either the right or left side, but the left side is generally preferred 
to avoid the liver and inferior vena cava. The disadvantages of this approach include 
having to enter the peritoneum, the potential development of diaphragmatic hernias, 
and damage to major blood vessels or the thoracic duct.

 Dorsolateral Approaches

Dorsolateral approaches allow for visualization of the posterolateral aspects of 
the thoracic spine and easy visualization of lateral neural components of the 
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spinal cord. These approaches also have the benefit of avoiding entrance into the 
pleural or abdominal cavities. The costotranversectomy is an approach where the 
rib and portions of the transverse process of the vertebrae are resected in order 
to gain visualization of the pedicle and vertebral body. The main disadvantage of 
the costotranversectomy is that it requires extensive muscle dissection which can 
significantly prolong recovery times. Nevertheless, it is the workhorse of complex 
spine surgery in the thoracic spine with wide applications ranging from degenera-
tive conditions to clinical scenarios involving complex deformity or tumors. The 
lateral extracavitary approach is a similar technique used in large deformity cor-
rections or tumor care and is discussed in those chapters.

 Minimally Invasive Surgery

Minimally invasive approaches aim to have the same or improved post-operative 
success rate as their open surgical counterparts while minimizing surgical exposure 
and tissue disruption. These approaches have been gaining popularity in spine sur-
gery and are now used to treat pathologies at all levels of the spinal column. In the 
thoracic spine, one notable minimally invasive approach is the thoracoscopic 
assisted approach. In this multidisciplinary technique, a thoracic surgeon provides 
exposure of the thoracic cavity via an endoscope and a series of small incisions for 
instruments. From there the spinal column can be exposed and the pathology treated. 
The main benefit of this technique is the reduction of approach-related morbidity, as 
well as the ability to directly visualize and access the pathology with a high defini-
tion endoscope. The disadvantages include the need for single lung ventilation and 
the high level of technical skill required for mastery of the procedure. Previous lit-
erature has demonstrated that a substantial learning curve exists for spine surgeons 
in mastering minimally invasive techniques [9].

Overall, selection of the proper approach to surgically treat thoracic degenerative 
conditions depends on the thoracic levels involved, the laterality of the pathology, 
patient characteristics and operative history, and the desire for a minimally invasive 
or open technique. Knowledge of all the approaches utilized to treat pathologies of 
the thoracic spine is essential for the surgeon to be able to offer adequate surgical 
treatment for the wide range of thoracic degenerative conditions that may arise in 
patients.

 Degenerative Diseases of the Thoracic Spine

Degenerative diseases that impact the thoracic spine can be broken down into three 
broad categories depending on the affected location: the intervertebral disc, the 
osseous canal, and the ligaments within the spinal canal. All of these degenerative 
changes eventually lead to spinal stenosis or compression of other neural elements, 
manifesting as a combination of pain, radiculopathy, or myelopathy.
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 Disc Degeneration and Herniation

 Pathophysiology
Degeneration of the intervertebral discs gradually occurs with aging, and several 
factors contribute to it, including cell death and microenvironment changes [46]. 
Disc degeneration begins with subtle changes to the disc matrix as the balance shifts 
towards catabolic proteolytic activity [15]. Proinflammatory cytokine signaling 
mediates this matrix breakdown, and these cytokines as well as the byproducts of 
the breakdown lead to the perception of pain [15]. With moderate to advanced 
degeneration, the discs become stiffer and weaker due to fibrosis and cracks or tears 
develop [15]. Although there is reduced mechanical stress on the thoracic spine, it 
is still subject to compressive stress [40]. If there is disc herniation, patients may 
develop neurological symptoms associated with the compression of the spinal cord 
or nerve root by the disc. A majority of thoracic disk herniations occur between the 
T8 and L1 levels [41].

 Epidemiology
A study of 90 asymptomatic individuals found that 73% had some degenerative 
anatomical changes in the thoracic spine, with 37% having disc herniation, 53% 
having bulging of a disc, and 58% having an annular tear based on magnetic reso-
nance imaging [43]. Symptomatic degenerative disc disease is much less common 
in the thoracic spine compared to the cervical and lumbar regions, and it is esti-
mated that thoracic disc herniation occurs in only one patient per million population 
per year [4, 41]. Symptomatic thoracic disc degeneration most frequently occurs 
between the fourth and sixth decades of life, and there is a slight male predomi-
nance [41].

 Physical Exam Findings
There are three major manifestations of thoracic disc degeneration. The first is mild 
to moderate localized axial pain in the thoracic region, which is the most common 
presenting symptom [41]. The second constellation of symptoms involves radicular 
pain and is often described as a bandlike discomfort along a dermatomal distribu-
tion, and it most commonly occurs with upper thoracic lesions and lateral disc her-
niations [41]. The third manifestation is myelopathy, characterized by muscle 
weakness, mild paraparesis, abnormal gait, and bowel/bladder incontinence, and 
this presentation requires the most serious attention [41]. Palpating or percussing 
the thoracic spine can help to localize the pain and recreate radicular symptoms in 
order to elucidate the region where the disc herniation has occurred [41].

 Imaging Findings
Generally, imaging begins with plain radiographs to rule out other common diagno-
ses such as acute fractures or neoplasms. However, MRI is ideal for evaluating 
thoracic disc disease since it is highly sensitive and can be used to determine the 
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morphology and location of the disc herniation noninvasively [41]. Herniations 
appear as an intermediate intensity signal on T1-weighted images and as an area of 
low signal density on T2-weighted images [41]. CT with myelography provides the 
additional benefit of clearly illustrating osseous anatomy in relation to the soft- or 
hard-tissue disk herniation [41]. In addition to identifying the level of the hernia-
tion, imaging helps to classify the herniation based on midline, paramedian, or lat-
eral positions, with a majority of herniations occurring in either midline or 
paramedian positions [41].

 Initial Management
Most cases of thoracic disc degeneration can be managed with conservative therapy. 
In patients without significant acute or progressive neurological symptoms, treat-
ment usually begins with nonsteroidal anti-inflammatory drugs, lifestyle modifica-
tions, and physical therapy [41]. Conservative management is typically sufficient 
for most cases of symptomatic thoracic disc herniation, and if the patient experi-
ences extreme discomfort, narcotics and muscle relaxers can be used temporarily [3, 
41]. Symptoms related to radiculopathy can also be treated medically with the addi-
tion of corticosteroid injections into the intercostal nerves [41]. If nonoperative 
management yields insignificant improvement or worsening symptoms after 
4–6 weeks or the patient presents with myelopathy or progressive neurological defi-
cits, operative intervention should be considered [41].

 Surgical Management
With advances in surgical techniques, decompressive laminectomy is no longer 
used for treating thoracic disc herniation [33, 41]. Instead, anterior, posterior, and 
lateral approaches are used depending on the morphology and location of the disc 
herniation [41]. Transthoracic anterior approaches are most frequently used, and 
they provide excellent exposure for herniations occurring from T2 to T10 and do not 
affect posterior column stability, but they require a thoracotomy so it may not be 
ideal for high-risk patients [41]. Lateral approaches are best for lateral disc hernia-
tions and may avoid thoracotomy, but the limitations of this approach include 
increased operative time and the need for significant bone resection which can intro-
duce morbidity and potentially instability [41]. Posterior approaches such as pedic-
ulofacetectomy are best for upper thoracic herniations occurring from T2 to T4 and 
for high-risk patients who may be unable to undergo thoracotomy, but these proce-
dures may cause spinal instability and incomplete resolution of the herniation [41].

Recently, minimally invasive procedures such as video-assisted thoracoscopic 
surgery (VATS) have been gaining popularity due to their significantly reduced 
postoperative recovery period and ability to be performed on high-risk patients [41]. 
However, since these procedures are technically challenging and require a steep 
learning curve, it has taken some time for them to be universally adopted [7, 41]. In 
general, VATS has better outcomes when compared to traditional open approaches 
for removing herniated discs in the thoracic region [32, 35, 41].
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 Osseous Degenerative Changes

Thoracic degenerative conditions can also be caused by changes to the bony mor-
phology of the spine. These changes are not caused by inflammatory processes as in 
other conditions, such as ankylosing spondylitis, but are the result of age and use 
related degeneration. The conditions described below all involve changes to the 
bone structure of the thoracic spine, and they do not primarily involve the spinal 
ligaments or intervertebral disks. These conditions often manifest as back pain, and 
if left undiagnosed and untreated can progress to worsening myelopathy or 
radiculopathy.

 Pathophysiology
In these osseous degenerative changes, the underlying cause of degeneration is sim-
ply use-related stress that is correlated to age. Due to the previously described bio-
mechanical stability of the thoracic spine, many of these conditions are uncommon 
in the thoracic region versus the more mobile cervical and lumbar spine. With tho-
racic vertebral spondylosis, the majority of cases afflicted the lower thoracic seg-
ment [37]. The stress experienced by the bone in these conditions can cause 
morphological changes producing outgrowths such as osteophytes or syndesmoph-
ytes. These bony morphological changes may progress to symptomatic myelopathy, 
radiculopathy, claudication, or pain if the bony deformities begin to compress on the 
spinal cord or impinge on other neural structures [5].

 Epidemiology
Osteoarthritis of the spine involves the facet joints and is most commonly linked to 
those levels of the spine frequently afflicted by degenerative disc disease, as the 
disc, facet joint, and spinal ligaments form a complex where changes in one can 
affect the others. This leads to a decreased incidence of facet joint osteoarthritis in 
the thoracic spine as conditions affecting the intervertebral disc and spinal liga-
ments are less common in the thoracic region. No definitive study has been con-
ducted to evaluate the presence of facet joint osteoarthritis of the thoracic spine 
specifically, however other studies have demonstrated the widespread nature of 
facet joint osteoarthritis in other spine regions, with up to 57% of adults over 65 
demonstrating radiological evidence of the condition [11, 25, 39].

Facet Joint hypertrophy is an additional pathology involving the joints of the 
spine that can cause radicular symptoms or myelopathy if the growth begins to 
impinge on the spinal cord [20]. This condition is also rare in the thoracic spine with 
no studies showing broader population-level frequency and the literature consisting 
mainly of individual case reports and case series.

 Physical Exam Findings
The physical exam findings in these conditions are related to the pathophysiology. 
Pain is a common finding either as a direct result of the degeneration and bony 
changes or due to compression of neural elements [11]. Symptoms of radiculopathy 
and myelopathy in the thoracic region such as paresthesia, weakness, incontinence, 
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difficulty walking, and pain may also arise. A full neurologic exam is pertinent to 
discovering the symptoms, with reports of deteriorating condition raising the index 
of suspicion. In rare instances the formation of osteophytes has damaged structures 
surrounding the spinal cord, such as the esophagus, causing dysphagia and other 
symptoms [31].

 Imaging Findings
Imaging studies commonly used to detect these degenerative changes are computed 
tomography (CT) and magnetic resonance imaging (MRI). There is an ongoing 
debate about whether findings on imaging are predictive of or even correlated to 
clinical symptoms and findings [16, 19, 36]. Typically back pain alone is not an 
indication for further imaging, however, if worrisome symptoms such as persistent 
radiculopathy, myelopathy, incontinence, or urinary retention arise, then imaging 
and further workup is indicated. T2 weighted imaging in particular would show 
cord and/or neuroforamina compression. The bony outgrowths may be visible on 
CT or MRI but their presence does not always correlate to symptoms [19].

 Management
First-line treatment for these conditions involves medical management with nonste-
roidal anti-inflammatory drugs, neuropathic pain medication, or physical therapy 
[11]. Epidural or facet joint steroid injections may also provide some benefit. 
Surgical treatment is typically reserved for patients with spinal instability, and 
worsening symptoms of myelopathy or radiculopathy. Surgical management 
involves decompression of the spinal canal most often through a posterior laminec-
tomy [20]. Concurrent fusion may be done to correct any instability that may be 
present.

 Ligament Ossification

 Pathophysiology
Ossification of the posterior longitudinal ligament (OPLL) and ossification of the 
ligamentum flavum (OLF) can narrow the spinal canal in the thoracic region, mani-
festing as a wide range of neurological deficits depending on the severity. OPLL and 
OLF can occur individually or can be found simultaneously in patients [22]. 
Although the pathogenesis of these diseases is poorly understood, it is thought that 
genetics, hormonal, and biomechanical factors all contribute to ossification forma-
tion and progression [1, 27, 34]. Additionally, given the kyphosis and limited blood 
supply of the thoracic spine, the spinal cord in this region is naturally vulnerable to 
pressure being applied from the ventral side, which is the case in OPLL [22].

 Epidemiology
OPLL has an incidence of 2.4% in the Asian population compared to just 0.16% in 
non-Asian populations, and it is most commonly seen in Japan [34]. However, tho-
racic OPLL occurs less frequently than cervical OPLL and a majority of thoracic 
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OPLL occurs in tandem with cervical OPLL [22]. Thoracic OPLL commonly 
affects the upper and middle regions of the thoracic spine with the average ossifica-
tion having an apex at T5 and spanning 4.8 intervertebral segments [22, 24]. 
Thoracic OPLL appears predominantly in females who are older than 40 years of 
age [24]. OPLL has been associated with other musculoskeletal diseases such as 
DISH, ankylosing spondylitis, and other spondyloarthropathies [34].

Thoracic OLF most commonly affects the lower thoracic spine and involvement 
of the upper thoracic spine is also common, but OLF rarely occurs in the middle 
thoracic spine [14, 22, 45]. This is likely because the lower thoracic spine has more 
mobility, so the ligamentum flavum in this region is subject to greater mechanical 
stress as a result [22]. The most common variation of OLF begins with the ossifica-
tion of the capsular portion of the ligamentum flavum and extends medially and 
progresses to the interlaminar portion [1, 22]. OLF occurs more frequently in men 
than women, and although the paucity of data makes it difficult to estimate the true 
prevalence, asymptomatic OLF may not be that rare in individuals over the age of 
30 [22]. OLF also frequently occurs in the Japanese population, but the extent to 
which it impacts other populations has yet to be elucidated [12].

 Physical Exam Findings
Patients with thoracic OPLL are generally asymptomatic until the ossification 
begins to compress the spinal cord [22]. Patients may start with pain in the back 
corresponding to the level of spinal compression before the appearance of symp-
toms of myelopathy such as pain or numbness in the lower extremities, difficulty 
walking, and stiffness in the trunk and lower limbs [22]. Neurologic exam findings 
for thoracic OPLL usually include hyperreflexia of the lower extremities, gait dis-
turbances, and sensory disturbances below the dermatome corresponding to the 
level of the compression [22]. Other symptoms include thoracic radiculopathy, uri-
nary retention, and bladder/bowel incontinence [24]. Once symptoms of myelopa-
thy appear, patients usually experience gradual and steady neurological deterioration, 
but there have been cases where patients have been unable to walk within a short 
period of time [22].

The clinical presentation of thoracic OLF depends on the severity of spinal cord 
compression, but it typically involves local thoracic pain and progressive thoracic 
myelopathy [22]. Early on, posterior cord compression develops since the ossifica-
tion begins on the posterior side of the spinal cord, and lateral corticospinal tracts 
are compressed as the lesion progresses, eventually leading to loss of sensation [1]. 
Since OLF frequently occurs in the lower thoracic region, neurologic symptoms can 
mimic those caused by lumbar spinal disease or peripheral neuropathy [22]. Patients 
with lower thoracic OLF may have weakness and atrophy of the leg muscles along 
with deep tendon reflex abnormalities [22]. Patients usually also have symptoms of 
leg numbness, gait disturbances, and bowel/bladder incontinence [22, 45]. There 
can be asymmetry in neurological symptoms attributed to a difference in thickness 
of the ossification between the left and right sides [22].
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 Imaging Findings
In order to evaluate thoracic OPLL, radiographic imaging can be used to determine 
the severity and location of the ossification. The lesion typically appears as a mush-
room or hill shape with a sharp radiolucent line between the posterior vertebral 
body margin and the ossified ligament on an axial CT [38]. While OPLL can be 
detected using plain films, computed tomography and/or myelography provide bet-
ter accuracy for locating OPLL ossification [34]. Additionally, CT myelography or 
MR imaging is useful for determining the degree of stenosis [24]. Imaging studies 
are also useful for identifying signs of dural penetration, cord signal change, and if 
the ossification extends to other parts of the spine or involves other ligaments [24].

Thoracic OLF is difficult to diagnose with simple radiography since the upper 
and lower thoracic spine are often hidden by overlapping structures. Therefore, 
MRI is used to evaluate signal changes in the spinal cord, while CT helps distin-
guish between calcification and hypertrophy [1]. An ossified mass which encom-
passes more than 2/3 of the dura matter and a low-signal line between the parallel 
bone plates on CT are two findings that are indicative of dural involvement [1]. 
Imaging also provides a way to better characterize the lesion, such as categorizing 
OLF into fused type versus non-fused type as well as beak type versus round type 
[18, 45].

 Initial Management
Treatment of OPLL and OLF generally requires surgical intervention because the 
ossification is progressive with little response to conservative therapies [1, 22, 45]. 
Immediate surgical intervention is important for improving the functional outcomes 
of patients [1, 45]. Medical treatments are currently limited to relieving symptoms 
rather than halting or reversing the ossification, and they include topical agents, 
anti-inflammatory drugs, antidepressants, anticonvulsants, and opioids [34].

 Surgical Management
The main goal of surgical intervention is to decompress the spinal cord in order to 
alleviate neurological symptoms. This can be accomplished via a variety of surgical 
techniques including posterior decompressive laminectomy, posterior decompres-
sive laminectomy with fusion, anterior decompression through an anterior or lateral 
approach, anterior decompression through a posterior approach, posterior decom-
pression with fusion followed by anterior or lateral decompression, and lamino-
plasty [24]. Although there is no standard protocol for how to surgically treat 
thoracic OPLL, both the extent and location of the ossification can be used to deter-
mine the optimal surgical approach. In addition to decompression, stabilizing the 
thoracic spine with posterior segmental instrumentation or laminectomy with fusion 
helps prevent worsening kyphosis and reduces the compressive force on the spinal 
cord [24].

Posterior decompression via laminectomy with or without fusion or lamino-
plasty is frequently used to treat OPLL. While laminoplasty has favorable outcomes 
for OPLL lesions in the upper thoracic spine, instrumentation should be considered 
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when dealing with OPLL in the middle or lower thoracic spine due to the physiolog-
ical kyphosis creating additional pressure on the spinal cord [23, 24]. Moreover, 
posterior instrumented fusion reduces spinal mobility, leading to improved neuro-
logical recovery [24, 44].

Advances in surgical techniques have enabled anterior decompression via an 
anterior, posterior, or lateral approach to be performed at all levels of the thoracic 
spine [24]. Anterior decompression is ideal for treating myelopathy caused by 
OPLL, but outcomes are poorer when it is used to treat worsening myelopathy after 
laminectomy has already been performed [10, 24, 29]. A transsternal approach 
allows access to lesions in the upper thoracic vertebra, while a transthoracic anterior 
approach through thoracotomy is optimal for pathology below T4 [24, 29]. For the 
most severe cases, combined anterior-posterior decompression can be performed by 
a posterior decompression and stabilization with an anterior decompression via tho-
racotomy with interbody fusion [17]. Anterior decompression for OPLL has a rela-
tively high risk of cerebrospinal fluid (CSF) leakage and accidental damage to the 
spinal cord or nerve roots [24, 26].

Similarly, a common approach to thoracic OLF is posterior decompression 
because it provides excellent visualization and access to completely resect the ossi-
fied ligament [45]. If the ossified ligament is attached to the dura, care must be taken 
to avoid complications such as CSF leakage and intraoperative cord damage [1, 45]. 
In this case, the outer layer of the dura is also excised, and a graft is used to repair 
the dural defect [1, 45].

 Conclusion

Thoracic degenerative conditions may be caused by a wide range of pathologies 
affecting the thoracic spine. Symptomatic presentation of these conditions is uncom-
mon compared to their cervical and lumbar counterparts due to the inherent ana-
tomical and biomechanical stability present in the thoracic spine. Surgery is 
indicated for these conditions if neurologic symptoms manifest acutely or continue 
to worsen, or if instability is evident. The anatomical and biomechanical differences 
in the thoracic spine result in a unique set of conditions that can cause symptomatic 
degenerative disease, and these differences, when compared to other spinal regions, 
must be taken into account when selecting appropriate surgical therapy to provide 
symptomatic relief. The choice of which approach and operative technique to use 
involves carefully considering the specific pathology, level of the degeneration, and 
patient characteristics.

References

 1. Ahn DK, Lee S, Moon SH, Boo KH, Chang BK, Lee JI. Ossification of the ligamentum fla-
vum. Asian Spine J. 2014;8:89–96.

 2. Arce CA, Dohrmann GJ. Herniated thoracic disks. Neurol Clin. 1985;3:383–92.
 3. Brown CW, Deffer JP, Akmakjian J, Donaldson DH, Brugman JL. The natural history of tho-

racic disc herniation. Spine. 1992;17:S97–102.

A. Adenwalla et al.



497

 4. Carson J, Gumpert J, Jefferson A. Diagnosis and treatment of thoracic intervertebral disc pro-
trusions. J Neurol Neurosurg Psychiatry. 1971;34:68–77.

 5. Chana J, Afshar F. Thoracic spondylosis presenting with spastic paraparesis. Postgrad Med 
J. 1996;72:243–4.

 6. Court C, Mansour E, Bouthors C.  Thoracic disc herniation: surgical treatment. Orthop 
Traumatol Surg Res. 2018;104:S31–s40.

 7. Dahdaleh NS.  Minimally invasive treatment of thoracic disc herniations. In: Minimally 
invasive spine surgery, an issue of neurosurgery clinics of North America, E-Book, Vol. 25. 
2014. p. 271.

 8. El-Kalliny M, Tew JM, van Loveren H, Dunsker S. Surgical approaches to thoracic disc her-
niations. Acta Neurochir. 1991;111:22–32.

 9. Epstein NE. Learning curves for minimally invasive spine surgeries: are they worth it? Surg 
Neurol Int. 2017;8:61.

 10. Fujimura Y, Nishi Y, Nakamura M, Toyama Y, Suzuki N. Long-term follow-up study of ante-
rior decompression and fusion for thoracic myelopathy resulting from ossification of the pos-
terior longitudinal ligament. Spine. 1997;22:305–11.

 11. Gellhorn AC, Katz JN, Suri P. Osteoarthritis of the spine: the facet joints. Nat Rev Rheumatol. 
2013;9:216–24.

 12. Guo JJ, Luk KD, Karppinen J, Yang H, Cheung KM. Prevalence, distribution, and morphology 
of ossification of the ligamentum flavum: a population study of one thousand seven hundred 
thirty-six magnetic resonance imaging scans. Spine. 2010;35:51–6.

 13. Healy AT, Lubelski D, Mageswaran P, Bhowmick DA, Bartsch AJ, Benzel EC, et  al. 
Biomechanical analysis of the upper thoracic spine after decompressive procedures. Spine 
J. 2014;14:1010–6.

 14. Hur H, Lee J-K, Lee J-H, Kim J-H, Kim S-H. Thoracic myelopathy caused by ossification of 
the ligamentum flavum. J Korean Neurosurg Soc. 2009;46:189.

 15. Ito K, Creemers L. Mechanisms of intervertebral disk degeneration/injury and pain: a review. 
Global Spine J. 2013;3:145–52.

 16. Kalichman L, Li L, Kim D, Guermazi A, Berkin V, O’Donnell CJ, et al. Facet joint osteoarthri-
tis and low back pain in the community-based population. Spine. 2008;33:2560.

 17. Kawahara N, Tomita K, Murakami H, Hato T, Demura S, Sekino Y, et al. Circumspinal decom-
pression with dekyphosis stabilization for thoracic myelopathy due to ossification of the pos-
terior longitudinal ligament. Spine. 2008;33:39–46.

 18. Kuh SU, Kim YS, Cho YE, Jin BH, Kim KS, Yoon YS, et al. Contributing factors affecting the 
prognosis surgical outcome for thoracic OLF. Eur Spine J. 2006;15:485–91.

 19. Lewinnek GE, Warfield CA. Facet joint degeneration as a cause of low back pain. Clin Orthop 
Relat Res. 1986;(213):216–22.

 20. Lim A, D’Urso P. Single-level bilateral facet joint hypertrophy causing thoracic spinal canal 
stenosis. J Clin Neurosci. 2009;16:1363–5.

 21. Lubelski D, Healy AT, Mageswaran P, Benzel EC, Mroz TE. Biomechanics of the lower tho-
racic spine after decompression and fusion: a cadaveric analysis. Spine J. 2014;14:2216–23.

 22. Matsumoto M, Chiba K, Toyama Y. Clinical manifestations of thoracic OPLL and OLF. In:  
OPLL. Springer; 2006. p. 121–5.

 23. Matsumoto M, Chiba K, Toyama Y, Takeshita K, Seichi A, Nakamura K, et al. Surgical results 
and related factors for ossification of posterior longitudinal ligament of the thoracic spine: a 
multi-institutional retrospective study. Spine. 2008;33:1034–41.

 24. McClendon J Jr, Sugrue PA, Ganju A, Koski TR, Liu JC. Management of ossification of the 
posterior longitudinal ligament of the thoracic spine. Neurosurg Focus. 2011;30:E16.

 25. Mikkelsen WM, Duff I, Dodge HJ. Age-sex specific prevalence of radiographic abnormali-
ties of the joints of the hands, wrists and cervical spine of adult residents of the Tecumseh, 
Michigan, Community Health Study area, 1962–1965. J Chronic Dis. 1970;23:151–9.

 26. Min J-H, Jang J-S, Lee S-H. Significance of the double-layer and single-layer signs in the 
ossification of the posterior longitudinal ligament of the cervical spine. J Neurosurg Spine. 
2007;6:309–12.

22 Thoracic Degenerative Conditions



498

 27. Nakajima M, Takahashi A, Tsuji T, Karasugi T, Baba H, Uchida K, et al. A genome-wide asso-
ciation study identifies susceptibility loci for ossification of the posterior longitudinal ligament 
of the spine. Nat Genet. 2014;46:1012–6.

 28. Oda I, Abumi K, Lü D, Shono Y, Kaneda K. Biomechanical role of the posterior elements, 
costovertebral joints, and rib cage in the stability of the thoracic spine. Spine (Phila Pa 1976). 
1996;21:1423–9.

 29. Ohtani K, Nakai S, Fujimura Y, Manzoku S, Shibasaki K. Anterior surgical decompression 
for thoracic myelopathy as a result of ossification of the posterior longitudinal ligament. Clin 
Orthop Relat Res. 1982;(166):82–8.

 30. Panjabi MM, Takata K, Goel V, Federico D, Oxland T, Duranceau J, et al. Thoracic human 
vertebrae. Quantitative three-dimensional anatomy. Spine (Phila Pa 1976). 1991;16:888–901.

 31. Rathinam S, Makarawo T, Norton R, Collins F. Thoracic osteophyte: rare cause of esophageal 
perforation. Dis Esophagus. 2010;23:E5–8.

 32. Regan JJ. Percutaneous endoscopic thoracic discectomy. Neurosurg Clin N Am. 1996;7:87–98.
 33. Russo A, Balamurali G, Nowicki R, Boszczyk BM.  Anterior thoracic foraminotomy 

through mini-thoracotomy for the treatment of giant thoracic disc herniations. Eur Spine 
J. 2012;21:212–20.

 34. Saetia K, Cho D, Lee S, Kim DH, Kim SD. Ossification of the posterior longitudinal ligament: 
a review. Neurosurg Focus. 2011;30:E1.

 35. Sasani M, Ozer F, Oktenoglu T, Kaner T, Solmaz B, Canbulat N, et al. Thoracoscopic surgery 
for thoracic disc herniation. J Neurosurg Sci. 2011;55:391–5.

 36. Schwarzer AC, Wang SC, O’Driscoll D, Harrington T, Bogduk N, Laurent R. The ability of 
computed tomography to identify a painful zygapophysial joint in patients with chronic low 
back pain. Spine. 1995;20:907–12.

 37. Smith DE, Godersky JC. Thoracic spondylosis: an unusual cause of myelopathy. Neurosurgery. 
1987;20:589–93.

 38. Soo M, Rajaratnam S. Symptomatic ossification of the posterior longitudinal ligament of the 
cervical spine: pictorial essay. Australas Radiol. 2000;44:14–8.

 39. Suri P, Miyakoshi A, Hunter DJ, Jarvik JG, Rainville J, Guermazi A, et al. Does lumbar spinal 
degeneration begin with the anterior structures? A study of the observed epidemiology in a 
community-based population. BMC Musculoskelet Disord. 2011;12:202.

 40. Teraguchi M, Yoshimura N, Hashizume H, Muraki S, Yamada H, Minamide A, et al. Prevalence 
and distribution of intervertebral disc degeneration over the entire spine in a population-based 
cohort: the Wakayama Spine Study. Osteoarthr Cartil. 2014;22:104–10.

 41. Vanichkachorn JS, Vaccaro AR. Thoracic disk disease: diagnosis and treatment. J Am Acad 
Orthop Surg. 2000;8:159–69.

 42. Watkins R, Watkins R 3rd, Williams L, Ahlbrand S, Garcia R, Karamanian A, et  al. 
Stability provided by the sternum and rib cage in the thoracic spine. Spine (Phila Pa 1976). 
2005;30:1283–6.

 43. Wood KB, Garvey TA, Gundry C, Heithoff KB. Magnetic resonance imaging of the thoracic 
spine. Evaluation of asymptomatic individuals. J Bone Joint Surg Am. 1995;77:1631–8.

 44. Yamazaki M, Okawa A, Fujiyoshi T, Furuya T, Koda M. Posterior decompression with instru-
mented fusion for thoracic myelopathy caused by ossification of the posterior longitudinal 
ligament. Eur Spine J. 2010;19:691–8.

 45. Yu S, Wu D, Li F, Hou T.  Surgical results and prognostic factors for thoracic myelopathy 
caused by ossification of ligamentum flavum: posterior surgery by laminectomy. Acta 
Neurochir. 2013;155:1169–77.

 46. Zhang F, Zhao X, Shen H, Zhang C. Molecular mechanisms of cell death in intervertebral disc 
degeneration. Int J Mol Med. 2016;37:1439–48.

A. Adenwalla et al.



499

23Lumbar Spinal Stenosis

Carl Youssef, Sai Chilakapati, and Owoicho Adogwa

 Definition, Classification, and Grading

Lumbar spinal stenosis is a broad term that describes the narrowing of the spinal 
canal and compression of the neural structures. Several classifications exist based 
on etiology, location, and radiographic features [1]. In general, there are two main 
types of LSS: congenital and acquired. In congenital, or primary, LSS, the spinal 
canal is narrowed due to short pedicles and/or a decreased vertebral body width. 
Acquired, or secondary, LSS, on the other hand, is caused by various conditions that 
result in compression of the thecal sac. Degenerative disease is the most common 
cause of acquired LSS and will be the focus of this chapter. Other causes of acquired 
LSS include fractures (e.g., compression fracture with retropulsion), epidural hema-
toma, infections, and tumors.

LSS can also be classified based on the location of the stenosis. Central stenosis 
involves compression of the thecal sac in the middle of the spinal canal, although it 
is usually circumferential in cases of degenerative LSS.  Lateral recess stenosis 
refers to compression of the lateral spinal canal with resultant impingement of the 
traversing nerve root(s); this can be caused by a paracentral disc herniation or facet 
joint hypertrophy with ligamentous thickening. Lastly, foraminal or extraforaminal 
stenosis refers to compression of the nerve root as it exits through the intervertebral 
foramen and is often caused by a foraminal or “far lateral” disc herniation. 
Additionally, three spinal canal shapes have been described: round, ovoid, and tre-
foil, with the trefoil-shaped spinal canals being associated with the smallest cross- 
sectional area [2].

Several radiographic grading systems have been published to assess the severity 
of LSS, using varying definitions of LSS and with mixed inter- and intra-rater 
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reliability [3]. For example, Schizas and colleagues published a grading system 
based on the morphology of the thecal sac and nerve roots on an axial T2-weighted 
MRI [4]. According to this classification, Grade A and its subtypes correspond to 
little or no stenosis, with the rootlets visible surrounded by cerebrospinal fluid 
(CSF). Grade B corresponds to moderate stenosis in which the rootlets are still 
identifiable, although with a scant amount of surrounding CSF.  Grade C corre-
sponds to severe stenosis in which no CSF is seen in the presence of epidural fat. 
Lastly, Grade D corresponds to severe stenosis in which no CSF or epidural fat 
is seen.

 Relevant Anatomy and Pathophysiology

As with any spinal disorder, knowledge of anatomy is the foundation of understand-
ing the disease’s pathogenesis. Anteriorly, the spinal canal is bordered by the verte-
bral bodies and intervertebral discs, with the posterior longitudinal ligament running 
on their dorsal surface. Posteriorly, the spinal canal is bordered by the laminae with 
the underlying ligamentum flavum. The pedicles define the lateral border, and the 
facet joints and capsules define the posterolateral border.

Degenerative LSS usually manifests as a constellation of spondylotic or “wear- 
and- tear” changes within the lumbar spine that result in progressive narrowing of 
the spinal canal. These changes were described in detail by Farfan and Sullivan. 
Kirkaldy and colleagues introduced the concept of the “three-joint complex” at each 
level formed by the intervertebral disc anteriorly and the two facet joints posteriorly 
[5, 6]. They postulated that two types of micro traumatic injuries occur in degenera-
tive LSS: recurrent rotational strain and repeated compressive injury. Anteriorly, the 
disc goes through several stages of degeneration, the earliest of which is annular 
tears. Further trauma to the disc leads to the disc material’s internal disruption, 
resorption, and eventual loss of disc height. Posteriorly, the facet joints also undergo 
several degenerative changes that include synovitis, degeneration, and irregularity 
of the articular cartilage, osteophyte formation, and laxity of the joint capsule.

This combined effect of the degenerative disc disease and facet joint arthropathy 
results in micro instability due to structural compromise that further contributes to 
the progression of the degenerative process at the index level and adjacent seg-
ments. The ligamentum flavum becomes thickened due to the added mechanical 
stress, which narrows the canal medially and laterally, where the ligament attaches 
to the anterior aspect of the facet joint forming the anterior capsule. Micro instabil-
ity also causes degenerative spondylolisthesis, which occurs when there is sublux-
ation (typically in the anteroposterior plane but can be lateral and/or rotational) of 
one vertebra upon another [7]. When coexistent with LSS, it results in a further 
decrease in the spinal canal diameter and contributes to foraminal stenosis. Similarly, 
degenerative LSS can also be accompanied by scoliotic deformity when several 
levels are affected, further contributing to instability, canal compromise, and neural 
compression [8].
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Physiologically, chronic compression results in several changes to the nerve 
roots. In an experimental study, dogs with induced compression of their nerve roots 
were found to have venous congestion of the root and nerve root ganglion, arterial 
narrowing, and changes in cortical evoked potential [9]. Histologically, compressed 
nerve roots showed edema, loss of myelin, blockade of axoplasmic flow, and 
Wallerian degeneration.

 Epidemiology

LSS is a ubiquitous disease affecting millions of people around the globe. In the 
United States, the prevalence of acquired radiographic and symptomatic LSS is 
29.7% and 22.5%, respectively, based on an ancillary population sample of the 
Framingham Heart Study [10]. A similar cross-sectional population study in Japan 
reported that the prevalence of radiographic and symptomatic acquired LSS is 
76.5% and 9.3%, respectively [11]. The drastic difference in the prevalence of 
radiographic LSS between those two studies is likely related to imaging modality 
differences (CT versus MRI).

Another study of the Framingham population investigated the association 
between patient demographics and LSS [12]. Interestingly, it showed no statistically 
significant association between LSS and age, sex, and BMI. However, age was sig-
nificantly associated with degenerative disc disease, facet osteoarthritis, and degen-
erative spondylolisthesis. Female sex was also significantly associated with 
degenerative spondylolisthesis. There was no significant association between BMI 
and any degenerative radiographic changes.

 Clinical Presentation

A review of the literature reveals the poor predictability of symptomatic LSS based 
on radiographic findings. For example, in the Japanese Wakayama Spine Study, 
only 17.5% of participants with severe radiographic LSS were symptomatic [13]. 
Another study of asymptomatic patients who underwent MRI of the lumbar spine 
revealed that 1% of those younger than 60 years old and 21% of those older than 
60 years old had lumbar stenosis [14].

Neurogenic claudication is one of the most common and classic symptoms of 
LSS [15]. It refers to pain or discomfort in the buttocks, groins, thighs, calves, and/
or feet that occurs with standing and walking, and is relieved with resting. Patients 
typically report decreased walking tolerance due to weakness or “heaviness” of the 
lower extremities, often described as “knees buckling” or “legs giving out.” Patients 
with LSS usually walk “stooped forward,” such as when leaning on a shopping cart. 
A distinguishing feature between neurogenic and vascular etiologies is cycling tol-
erance— patients with neurogenic claudication usually have no symptoms while 
cycling due to the lumbar spine being flexed. In contrast, patients with peripheral 
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vascular disease will have claudicatory symptoms regardless of their posture. On 
examination, patients presenting with neurogenic claudication usually have no focal 
neurologic deficits. The lumbar spine range of motion may be decreased, particu-
larly with extension. The straight leg raise test is negative and a “Simian stance” is 
typically observed when standing, with posterior pelvic tilt and flexion of the hips 
and knees.

Low back pain (LBP) is also a common and nonspecific symptom. In the 
Framingham study mentioned earlier, radiographic LSS was significantly associ-
ated with LBP, with an odds ratio of 3.16 [10]. The back pain is often nonspecific, 
and patients may have point tenderness at multiple levels. However, in patients with 
superimposed spondylolisthesis, the back pain can have a mechanical component, 
indicative of instability.

Patients with LSS can also have radiculopathy, usually manifesting as unilateral 
pain or dermatomal numbness radiating down an extremity, in contrast to neuro-
genic claudication, which is bilateral. The straight leg raise test may be positive in 
patients with radiculopathy. Radiculopathy can also be associated with a motor defi-
cit such as a hip flexor weakness or foot drop.

Rarely, due to its chronic nature, severe LSS can result in conus medullaris or, 
more commonly, cauda equina syndromes, depending on the level of compression. 
Conus medullaris syndrome (CMS) occurs if the conus medullaris extends down 
into the upper lumbar spine (which in most adults is at the level of L1–2). In con-
trast, the more common cauda equina syndrome (CES) occurs when the nerve roots 
within the thecal sac below the conus medullaris are compressed. Both syndromes 
are characterized by lower extremity weakness, saddle anesthesia, urinary retention, 
and bowel incontinence. A clinical distinction can be made between the two syn-
dromes. CMS patients have mixed upper and lower motor neuron signs (e.g., hyper-
reflexia, spasticity), bilateral and symmetrical symptoms, and mild-moderate back 
pain. CES patients, in contrast, typically have diminished reflexes, asymmetrical 
symptoms, and severe back pain.

 Management Options

In the absence of objective neurologic deficits (e.g., weakness, bowel/bladder incon-
tinence) or intractable symptoms, conservative management should always be the 
first line of treatment in patients with symptomatic LSS. Several conservative modal-
ities exist that may offer symptomatic relief, including medications, physical therapy 
(PT), epidural injections, and chiropractic treatments. Surgery is reserved for patients 
who have persistent symptoms despite maximal conservative management.

The commonly used medications in patients with symptomatic LSS are nonste-
roidal anti-inflammatory medications, acetaminophen, opioids, neuropathic pain 
medications (e.g., gabapentin and pregabalin), and muscle relaxants. However, sur-
geons must exercise caution when prescribing those medications to patients with 
LSS, since most of the patients are elderly and are at risk for polypharmacy.

PT represents a crucial component of the conservative management strategy. The 
average duration of therapy is usually 6 weeks. Several techniques are employed, 
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including lumbar flexion exercises, treadmill walking programs, ultrasound tissue 
therapy, and manual PT maneuvers. These PT maneuvers include thrust and non-
thrust manipulation of the spine and lower extremity joints, manual stretching, and 
muscle strengthening exercises [16]. The long term efficacy of PT remains unclear 
in the literature. A systematic review concluded that PT “modalities have no addi-
tional effect to exercise.” However, the review was admittedly limited due to the 
small number and low quality of studies, as well as the heterogeneity in treatments 
and outcome measures [17]. A similar literature review of chiropractic treatments 
concluded no definitive benefit, although they showed promise in some patients [18].

Epidural injections represent another major nonsurgical treatment modality in 
patients with LSS. A randomized, double-blind controlled trial compared epidural 
injections with only local anesthetic versus local anesthetic and steroids [19]. At the 
end of the study’s 2-year follow-up, 51% of patients with an average of 5.1 proce-
dures in the anesthetic only group versus 57% of patients with an average of 4.5 
procedures in the anesthetic and steroids group reported significant pain relief and 
improvement in functional status. As such, the study found a similar efficacy with 
or without steroids. In a retrospective review of patients that received epidural ste-
roids injections, only 32% of patients reported pain relief lasting more than 2 
months, 39% reported pain relief lasting less than 2 months, and 29% reported no 
relief at all [20]. Additionally, a systematic review analyzing the efficacy of the dif-
ferent epidural injection approaches concluded that there is Level II evidence for the 
long-term efficacy of caudal and interlaminar injections, compared with Level III 
evidence for transforaminal injections [21].

For patients who fail a trial of conservative treatment, surgery can provide dura-
ble symptomatic relief. The Spine Patient Outcomes Research Trial (SPORT) inves-
tigators compared decompressive laminectomy against “usual nonsurgical care.” 
They found surgery to be superior to nonsurgical care at 3 months and 2 years [22]. 
Another prospective study of patients undergoing decompression alone versus 
decompression and fusion demonstrated that patients in both groups had substantial 
improvement in outcomes at 1-year, with more improvement noted in the fusion 
group [23]. The Lumbar Stenosis Outcome Study (LSOS) in Europe reported that 
surgical and nonsurgical LSS patients had a similar health-related quality of life at 
1-year. However, the study pointed out that conservative management was associ-
ated with higher costs due to repeated injections and/or patients eventually requiring 
surgery [24]. This finding is similar to that reported by another study in the United 
States evaluating the long term cost-effectiveness of maximal conservative manage-
ment in patients that ultimately required surgery [25].

 Summary

LSS is a complex disease that affects millions of patients. The diagnosis is made by 
a thorough evaluation of advanced imaging and the clinical presentation. The treat-
ment can range from non-invasive modalities, such as medications and exercise, to 
more invasive methods, such as epidural injections, to the most invasive form of 
treatment, comprised of decompression with or without fusion. However, there still 
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exists a lack of robust, high quality, prospective controlled trials to definitively 
ascertain the effectiveness, risks, and cost-effectiveness of the available treatment 
methods. With an aging population and in an era of greater emphasis on improving 
outcomes while decreasing costs, LSS will continue to be a significant disease and 
an active research area.
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24Spine Vascular Lesions of the Bone 
and the Epidural Space

James P. Caruso, Salah G. Aoun, and Kevin C. Morrill

 Vertebtal Hemangiomas

Vertebral hemangiomas are among the most common vascular lesions of the spine. 
They have a prevalence of up to 28% in adults, and comparable incidence in men and 
women. They tend to increase in frequency with age, and are seen more commonly in 
the elderly population [1]. Macroscopically, hemangiomas have well- defined borders 
and appear dark red with honeycombed segmentations which are created by cavitation 
of blood products surrounded by trabecular bone [2]. Microscopically, they can be 
divided into cavernous, capillary, and mixed (cavernous- capillary) subtypes. 
Cavernous hemangiomas have thin-walled large vessels surrounded by adipocytes 
and interstitial edema without intervening normal bone. Capillary hemangiomas con-
sist of thin-walled small-diameter vessels separated by normal bone. Mixed heman-
giomas demonstrate a combination of capillary and cavernous features [3, 4]. 
Radiographically, hemangiomas can be classified as typical, atypical and aggressive 
[5], according to the proportions of fatty and vascular components visible on imaging, 
the degree of cortical involvement, and the degree of extension beyond the vertebral 
body [6]. Invasive lesions that expand beyond bone typically have a lower concentra-
tion of adipocytes and appear isointense (dark) on T1 MRI sequences and hyperin-
tense (bright) on T2 MRI sequences [2]. In contrast, less invasive lesions have a higher 
concentration of adipocytes and appear hyperintense on T1 and T2 [2]. On CT, verte-
bral hemangiomas can demonstrate alternating foci of diminished and heightened 
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trabecular density within the vertebral body, which is termed a “honeycomb,” “jail 
bar,” or “corduroy cloth’ pattern [7]. Additionally, vertebral hemangiomas frequently 
demonstrate a “polka- dotted” appearance on CT and MRI, due to the contrasting 
hyperdense trabeculae and hypodense stroma [8].

Vertebral hemangiomas are typically asymptomatic and discovered incidentally, 
but they can present with pain, radiculopathy, and spinal cord compression resulting 
in myelopathy in approximately 1% of cases [2, 9, 10]. Neural element compression 
arises from lesion expansion beyond the vertebral body into the posterior elements 
and epidural space, and it occasionally leads to vertebral body collapse. Symptomatic 
hemangiomas typically occur in younger patients and more commonly demonstrate 
heterogeneous imaging features, such as irregular honeycombing and lytic foci of 
varying sizes [2, 10, 11]. Pregnancy can also perpetuate vertebral hemangioma 
enlargement. Elevated serum progesterone can lead to hemangioma expansion, and 
uterine compression of the inferior vena cava perpetuates paravertebral venous 
plexus hypertension and promotes intravascular filling of the lesion [12, 13].

Asymptomatic vertebral hemangiomas can typically be managed conservatively, 
with regular interval surveillance imaging if the lesion is extensive or has shown evi-
dence of growth. However, symptomatic lesions can warrant interventional treatment. 
The ideal treatment method varies with symptom severity, rate of progression, imag-
ing findings, lesion location, and the patient’s ability to tolerate invasive procedures. 
For patients who suffer pathologic fractures as a result of vertebral hemangiomas, 
vertebroplasty can provide pain relief, hemostasis, and structural stability [10, 14]. 
However, this approach has an increased risk of cement intravasation into the spinal 
canal with recurrence and progression of neurologic symptoms, and can also embo-
lize into the veins draining the lesion, and lead to pulmonary embolism which can be 
life-threatening [15, 16]. Generally, surgical treatment is warranted if the patient 
develops progressive neurologic symptoms, and is in need of a structural decompres-
sion [17]. Favorable rates of local control after gross total resection can be achieved 
without total resection [18], but select case series have shown that en- bloc approaches 
are associated with less blood loss compared to piecemeal removal [19]. However, 
en-bloc resection is technically demanding and carries a 36% complication rate [20]. 
When gross total resection is not feasible, subtotal resection can also result in accept-
able disease control, provided that it is accompanied by adjuvant radiation therapy 
[21–23]. In patients presenting with pain, or slowly progressing neurologic changes 
that do not constitute a neurologic emergency, radiation therapy alone has led to clini-
cal improvement and low rates of recurrence on follow-up [23]. Smaller case series 
have demonstrated symptomatic control and quality of life benefit after radiation [24], 
and a dose-dependent effect on symptom relief has been observed [25]. Endovascular 
embolization has also been suggested as a primary and adjunct treatment option, since 
vertebral hemangiomas are highly vascular and surgical resection risks significant 
blood loss. Data is inconsistent regarding the efficacy of embolization alone. A minor-
ity of patients report symptom improvement [26, 27], but some case reports have 
shown effective relief of neurologic symptoms when embolization is performed in 
combination with radiation therapy [28]. However, embolization is better character-
ized as an adjunct to surgical resection for aggressive symptomatic lesions. 
Retrospective data suggests that preoperative endovascular embolization with 
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subsequent gross total resection leads to favorable outcomes and minimal risk of 
recurrence in series with long-term follow-up [29]. Pre-operative angiography and 
embolization also allow for accurate pre-operative treatment planning and character-
ization of vascular anatomy, which can lead to reduced blood loss during surgical 
resection [30]. For lesions not suitable for complete resection, such as those with 
multiple large lytic foci that intimately involve the neural elements, combination ther-
apy with surgical decompression, embolization, and radiation, can result in prolonged 
relief of symptoms and favorable long- term outcomes [22, 31, 32].

 Aneurysmal Bone Cysts

Aneurysmal bone cysts (ABCs) are benign lesions that are most common in children 
and young adults [33]. The true epidemiologic burden of ABCs is difficult to define, 
since these lesions are often incidentally discovered and can spontaneously regress 
[34]. Full-body MRI screening data suggests that 0.7% of patients with back and 
neck pain have ABCs [1]. The term “aneurysmal bone cyst” originated in 1942 from 
a radiographic description of the lesion as a “blown out distention with blood filled 
cavities.” [35] While ABCs appear as blood-filled intraosseous cavities that take the 
shape of a “cyst” or an “aneurysm,” neither term is technically accurate. Rather, they 
are generated by osteoclasts within bone and fibrous tissue, leading to the appearance 
of expanding blood-filled cavities interspersed within the trabeculae [36]. It is not 
clear what mechanism propagates ABC formation, but some hypotheses suggest a 
post-traumatic reactive process or rapid bony erosion and remodeling of a pre-exist-
ing vascular lesion, leading to a thin-shelled, cystic-appearing intraosseous cavity 
[37–40]. Macroscopically, the vascular tissue appears spongy, and the posterior ele-
ments and vertebral bodies often demonstrate cavities of non-clotted blood lined by 
thin rims of fragile cortical and subperiosteal bone [39]. Microscopically, the blood-
filled cavities lack surrounding endothelial cells and smooth muscle characteristic of 
normal vessels, or aneurysms [39]. The fibrous tissue is well differentiated and 
benign-appearing, but mitotic figures may be observed in more aggressive lesions 
that enlarge and invade adjacent bony structures [39, 41]. On CT, ABCs typically 
appear lytic, centrally located, and locally aggressive [33, 39]. Typical descriptors 
include “blown-out” or “ballooned” lesions with “egg- shelled” foci of cortical bone 
and fluid-fluid levels [36, 42]. Fluid-fluid levels and multi-loculated fluid collections 
within bone are also present) on MRI, and blood of varying ages causes the fluid col-
lections to demonstrate a heterogeneous intensity [39, 43].

If ABCs are asymptomatic, discovered incidentally, and do not demonstrate 
aggressive features or neural element compromise on imaging, then they can be 
managed safely with judicious follow-up imaging. Symptomatic lesions typically 
present with back or neck pain, but radicular and myelopathic symptoms can also 
occur, and a number of therapeutic options exist for expansile ABCs that produce 
neurologic symptoms or compromise the structural integrity of the spinal column 
[44]. The overall recurrence rate after treatment is 12.8%, and recurrence rates even 
after complete resection can be as high as 8.2%. Intraoperative blood loss can be 
reduced with the use of en-bloc resection techniques that do not breach the lesion’s 
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intra-trabecular cavities [45]. Incomplete resection techniques, such as curettage 
and posterior decompression, have higher rates of recurrence [45]. Therefore, en- 
bloc resection is often preferred to ensure favorable extent of resection and mini-
mize the risk of recurrence, since more generous doses of radiation can be 
administered once the neural elements are decompressed, and instrumentation is 
used to mitigate post-radiation vertebral collapse [46]. However, aggressive resec-
tions should be considered with care, since they are associated with greater morbid-
ity and risk of neurologic injury compared with minimalistic surgical approaches [47].

When compared with surgical approaches, the risks and benefits of endovascular 
embolization are not well-established. However, some case series suggest that it is an 
effective first-line treatment in patients who do not demonstrate neurologic symp-
toms or have an elevated risk of pathologic fracture [35, 48]. While recurrence rates 
after embolization are often comparable to those after surgical excision [45, 46], 
patients often require multiple rounds of embolization to fully obliterate the lesion. It 
remains unclear whether aggressive endovascular treatment is necessary, because of 
the frequent post-procedural angiographic persistence of feeding vessels, and or the 
delayed development of collateral circulation pathways. The clinical impact of these 
angiographic recurrences is still unknown [46]. However, performing neo-adjuvant 
endovascular embolization prior to complete surgical resection can further reduce 
the risk of intraoperative bleeding and recurrence [45]. Pre- operative embolization 
should be performed judiciously or avoided in emergent scenarios, since it may delay 
emergent surgical decompression in patients who present with rapid neurologic 
decline [40]. In patients who cannot tolerate surgery, endovascular embolization may 
serve as the primary treatment modality, provided that the lesion does cause high risk 
features, such as spinal instability or deformity, acute neurologic compromise, or 
pathologic fractures [39]. Radiation has also been proposed as a primary and adjunct 
therapy, although existing data in the literature presents controversial results. 
Radiation is traditionally reserved for refractory cases unresponsive to surgery or 
embolization, and is associated with a host of complications including radiation-
induced myelopathy and development of secondary bone tumors [36, 40, 49, 50]. 
However, it remains a potential treatment option for patients with inoperable lesions 
or who are at high risk for embolization or surgery [39]. Other less invasive tech-
niques, such as sodium tetradecyl sulfate (STS) or doxycycline sclerotherapy have 
shown promising results in patients with recurrent disease after prior resection, but 
larger analyses to validate these techniques are necessary [39, 51, 52]. An evolving 
body of literature advocates for combination therapy, beginning with arterial embo-
lization in select cases, followed by en-bloc excision if the lesion involves the poste-
rior elements, and complete curettage for anteriorly located lesions with neurologic 
compromise or in cases associated with vertebral fractures [35].

 Spinal Arteriovenous Lesions with Extradural Involvement

Myriad classification systems exist for spinal arteriovenous lesions, and our discus-
sion will follow designations proposed by Spetzler and Kim, which are most com-
monly referenced [53]. In brief, spinal arteriovenous fistulae (AVFs) are classified 
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as extradural, intradural – dorsal, or intradural – ventral, and spinal arteriovenous 
malformations (AVMs) are classified as extradural – intradural, intramedullary, or 
conus medullaris. Since this chapter focuses on bony and epidural vascular pathol-
ogy of the spine, we will limit our discussion to extradural AVFs and extradural- 
intradural AVMs. The remaining classifications of arteriovenous lesions will be 
discussed in separate sections of this book.

Purely extradural spinal AVFs) are rare lesions that typically originate from a 
fistulous connection between an epidural radicular artery and the epidural venous 
plexus, and they generally present with slow progression of radicular or myelo-
pathic symptoms related to vascular steal or compression [53–55]. Since existing 
literature is limited mainly to small case series, established management paradigms 
are not well-defined. Angiographic lesion features should be incorporated into treat-
ment planning, including the identification of the principal feeding artery, evalua-
tion of extradural venous plexus enlargement, and identification of intradural 
retrograde venous drainage [56]. In patients with an enlarged epidural venous plexus 
and associated compressive myelopathy, endovascular embolization may effec-
tively reduce blood supply to the lesion with low intraprocedural rupture risk, while 
microsurgery may be necessary if the lesion is particularly large or has multiple 
feeding vessels [56]. However, in lesions with intradural retrograde venous drain-
age, complete occlusion of the proximal intradural vein is required [56]. This can be 
performed with endovascular techniques, but microsurgical occlusion may reduce 
the risk of ischemic complications [56].

Extradural – intradural AVMs (also termed metameric AVMs) are extensive high 
flow lesions that encompass bone, soft tissue, skin, and neural tissue [53]. Like 
extradural AVFs, these lesions are very rare [57]. They can present with progressive 
myelopathic symptoms due to vascular steal, pain and radicular symptoms from 
compression, and hemorrhage [54]. These lesions can be rapidly progressive and 
debilitating. Palliation is often the primary treatment goal, and treatment usually 
requires a combination of surgical and endovascular embolization strategies [58, 
59]. Treatment typically targets the spinal component of the lesion, as opposed to 
the soft tissue components [57]. A pooled analysis of existing case series revealed a 
2.1% annual risk of hemorrhage, with comparatively low rates of complete oblitera-
tion compared to other spinal arteriovenous lesions [60]. Embolization alone 
resulted in a 29% obliteration rate, with 71% of patients improved at follow-up, 
while surgery (with and without pre-procedural embolization) resulted in a 36% 
obliteration rate with 77% of patients improving at follow-up [60]. However, these 
differences were not statistically significant, and these figures may be partially 
influenced by positive reporting bias from individual case reports.

 Case Presentation

A 40-year-old man presented with worsening right chest wall man and bilateral 
lower extremity ataxia. Figure 24.1 shows a spinal angiogram revealing a spinal 
dural arteriovenous fistula arising from the right T5 intercostal artery with a radicu-
lar branch entering the right T5–T6 foramen (Yellow arrow, Fig. 24.1).
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Fig. 24.1 Spinal dural 
arteriovenous fistula 
arising from the right  
T5 intercostal artery

Fig. 24.2 Filling present 
throughout the lesion

Endovascular embolization was performed, but the patient’s symptoms persisted, 
and filling was present throughout the lesion (Fig. 24.2). Figure 24.2 shows filling 
throughout the lesion.

Surgical treatment was undertaken, and the arterial feeder was obliterated with 
clip ligation. Figure 24.3 shows a postoperative CT angiogram scan axial image that 
shows the T5 laminectomy, residual embolization material from prior endovascular 

J. P. Caruso et al.



513

Fig. 24.3 Post-operative 
CT angiogram

procedure (Yellow arrow), and the clip ligation of the fistulous vessel involving the 
dura rostral to the T5–6 foramen (blue arrow). A postoperative angiogram demon-
strated no residual vascular lesion.
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25Trauma

Douglas Dickson

Traumatic spine fractures may result from high-speed injuries which includes motor 
vehicle collisions, fall from heights and blunt trauma to the head. The cervical spine 
has a unique anatomic makeup divided into the upper cervical spine and subaxial 
cervical spine.

Cervical spine injuries remain a significant problem in our present society, over 
one million acute spine injuries occur in the United States and one third of the spinal 
cord injuries occur in the cervical spine.

 Cervical Spine Anatomy

It is composed of seven vertebrae. The atlas C1 is a ring which articulates with the 
occiput. It is important to note that the C1 has no body or spinous processes. The 
axis C2 is so named because it pivots around the atlas turning to rotate the head. The 
atlas has a vertical extension, the dens, which articulates with C1. There is a canal 
for the vertebral arteries are located bilaterally.

The upper cervical spine is from occiput to C2 and the subaxial cervical spine is 
from C3 to C7. Most traumatic cervical spine injury occur in the subaxial region of 
the cervical spine between C3 and C7.The minority of cervical spine injuries that 
occur in the upper cervical spine carries with it a high rate of mortality and most 
people who experience such type of injury expire. Any blunt trauma to the head 
should raised a high suspicion for at least a cervical spine injury.
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 Evaluation

In patients who are suspected to have a cervical spine injury a three view cervical 
spine X-rays are normally required which includes anteroposterior, lateral and 
odontoid views, also CT scans have been used more frequently as it provides a bet-
ter detail of the bony element. MRI is warranted to evaluate the neural elements and 
the posteroligamentous complex.

A thorough physical examination is of utmost importance documenting all the 
neurologic findings in detail assessing the motor, sensory and all other reflexes 
including pathologic reflexes.

There are several types of cervical spine fractures; Jefferson fractures are caused 
by compression of the base of the skull against C1 resulting in the cracking of the 
ring of C1. This injury is best identified on the open mouth odontoid x-ray and wid-
ening of the lateral masses of C1 away from the dens due to disruption of the C1 
ring. Most of these injuries can be treated non surgically in a hard cervical collar.

C2 fractures are usually caused by hyper flexion or hyper extension injuries. 
They comprise 8% of all the injuries associated with C1 fractures. C2 fractures 
often present as dens fractures resultant of hyper flexion injuries or Hangman frac-
tures resultant of hyperextension injuries which manifest with bilateral fractures the 
pedicles of C2. Fractures above C4 can be associated with paralysis of muscles of 
respiration. The diaphragm is innervated by the C3–C5 nerve roots. Fractures of the 
mid cervical region are associated with dysfunction of the upper extremities more 
often than the lower extremities.

 Surgical Indications

Mechanical instability, neurologic demise and compression of the neural elements 
are the main indications for surgical intervention.

There are several classification systems available to classify cervical spine frac-
tures and help with treatment. The goal of the classification system is to aid in 
identification of injury pattern, communication between physicians including injury 
mechanism, injury morphology and aid in treatment. One classification system that 
seems to try and address all these qualities is the cervical spine injury classification 
severity score (CSISS) which groups the cervical spine segment into columns [1]. 
The anterior column, posterior column and the right and left pillars. The anterior 
column consists of the vertebral body the disc and the posterior longitudinal liga-
ments, the posterior column consists of the lamina, posterior ligamentous complex, 
and the pillars consists of the lateral masses and pedicle. Each column is graded 
from 0 to 5, with 0 being nondisplaced and 5 being maximum displacement or worst 
possible injury. The CSISS causes the surgeon to evaluate all the critical compo-
nents and columns of the injury. Patients with a score of 7 or greater most likely 
underwent surgery compared to those with a score below 7.

The Subaxial cervical injury Classifications described by Vaccaro focuses on 
the subaxial spine (C3–C7) [2]. It consists of three main categories: injury 
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morphology, discoligamentous status and neurologic status. Morphology is 
grouped into for subtypes: compression, which is assigned a numerical value of 1, 
burst fracture (2), Distraction injury (3), and Rotational injury (4). For the discoli-
gamentous complex (DLC) there are three subcategories: Intact (0), Indeterminant 
(1) and disrupted (2) and the neurologic status if there is no neurologic change, we 
assign a numeric grade of 0, a nerve root injury is assigned 1 complete cord injury 
2, incomplete cord injury 3 and continuous cord compression in the setting of a 
neurologic deficit get an additional 1 point. A total score less than or equal to 3 
warrants non operative treatment, Total score of 4 either treatment Non operative 
versus surgical treatment can be chosen and total numeric score of five or greater 
warrants surgical intervention.

The goal of surgery is to stabilize the spinal column in the midst of instability 
and decompress the neural elements in the midst of compression. Timely decom-
pression and stabilization of the spinal column when medically feasible in an unsta-
ble cervical spine fracture is highly encouraged. The surgical approaches could be 
anteriorly or from a posterior approach or a combination depending on the complex-
ity of the injury.

 Thoracolumbar Spine Injuries

The thoracolumbar spine lends itself with a unique anatomic make up. We have the 
rigid thoracic spinal column made up of 12 vertebral segments in a kyphotic orienta-
tion and the lumbar spine made up of 5 vertebral segments, mobile and lordotic. 
Most thoracolumbar fractures occur from fall from heights and high energy trauma 
situations including motor vehicle collisions for the younger patients and all from 
standing for the older patients most likely due to their inherently less optimal bone 
quality.

Evaluation of patients with suspected thoracolumbar fractures requires detailed 
neurologic examination which includes motor sensory and reflex functions of the 
neural axis. Muscle and sensory grading in addition using the ASIA impairment 
scale to assess neurologic status is paramount [3] (Fig. 25.1). Figure 25.1a, b sum-
marize the American Spinal Injury Association Standard Neurological Classification 
of Spinal Cord Injury.

Radiographic Evaluation to assess for instability is required to aid with surgical 
decision making. Anteroposterior and lateral imaging of the segment and also all 
contiguous segments of the spine is recommended us there are times in which there 
may be multiple fractures in different segments of the spine. Imaging of the whole 
spine is recommended in high energy traumas. CT scan and MRIs are also needed 
to help classify and assess stability. Immediate mechanical stability can be assessed 
by looking at the injury morphology, integrity of the posteroligamentous complex 
assesses the long-term stability and neurologic status assesses the neurologic state.

There have been various classifications systems developed to help classify 
these fractures and aid with treatment. The thoracolumbar injury classification 
system (TLICS) is more commonly used due to its comparable simplicity and 
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a

b

Fig. 25.1 (a) American Spinal Injury Association Standard Neurological Classification of Spinal 
Cord Injury. (b) American Spinal Injury Association Standard Neurological Classification of 
Spinal Cord Injury
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reproducibility [4]. The TLICS system looks at three critical aspects of the injury: 
injury morphology, integrity of posteroligamentous complex and neurologic status 
of the patient.

Injury morphology is grouped into four main subtypes: 1: Compression fracture, 
which the fracture involves the anterior column of the vertebral body, burst fracture 
involves the anterior and middle column of the vertebral body, translational/rota-
tional injury and flexion distraction injury. The compression fracture is assigned a 
numerical value of 1, burst 2, translational/rotational injury 3 and flexion distraction 
injury (4) (Fig. 25.2). Figure 25.2 is a classification of the main subtypes of spine 
fractures.

Integrity of the posteroligamentous complex (PLC) is better visualized with the 
MRI.  An intact PLC is given a numerical value of (1), suspected/indeterminant 
injury (2), and disrupted PLC (3) (Fig. 25.3). Figure 25.3 is a classification of pos-
terior ligamentous complex injury classification.

The thoracolumbar injury classification and severity score (TLICS) is also used 
to guide surgical decision making.

With the neurologic status, a patient with no neurologic deficit is assigned a 
numerical value of zero (0), nerve root injury (2), complete cord injury (2) and an 
incomplete cord injury and cauda equina injury (3).

Compression 1 pnt Burst 2 pnts

Translation/rotation 3 pnts Distraction 4 pnts

- Simple compression
- Wedge deformity

- Compression with retro-
  pulsion of superoposterior
  body fragment

- Rotatory / shearing
- Anterior or lat displacement
- Facet joint displacement

- Horizontal fracture of
  posterior elements
- Separation of posterior
  elements

Fig. 25.2 Four main subtypes of spine fractures
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Integrity of Posterior Ligamentous Complex

- Intact                    0 pnt
- Suspected injury  2 pnts
- Injured                  3 pnts

Fig. 25.3 Posterior 
ligamentous complex 
injury classification

TLICS 3 independent predictors

1
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3

Predicts
- Need for
  surgery

Morphology
immediate
stability

Integrity of
PLC
longterm
stability

Neurological
status

- Compression
- Burst
- Translation/rotation
- Distraction

1
2
3
4

- Radiographs
- CT

- MRI
0
2
3

- Intact
- Suspected
- Injured

- Intact
- Nerve root
- Complete cord
- Incomplete cord
- Cauda equina

0
2
2
3
3

- Physical
  examination

0 – 3
4

> 4

- nonsurgical
- surgeon’s
  choice
- surgical

Fig. 25.4 Thoracolumbar 
injury classification and 
severity score. https://
radiologyassistant.nl/
musculoskeletal/spine/
tlics- classification

Patient with a total score of 3 or less are treated non operatively, A score of 4 
patient could be treated non operatively or surgically. A score of 5 or greater war-
rants surgical intervention. Figure 25.4 is a thoracolumbar injury classification and 
severity score.

The TLICS system helps in surgical decision making and has been validated by 
various surgeons due to the scoring system being reliable and reproducible. It takes 
into consideration all the important segments of the injury and helps the treating 
physician to consider all the critical aspects of the injury.
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26Post Surgical Spinal Deformities

Sai Chilakapati, James P. Caruso, Zachary Johnson, 
and Owoicho Adogwa

 Introduction

Any patient who has undergone spinal fusion or decompression surgery is at risk for 
developing post-surgical spinal deformity. The etiologies of these deformities are 
diverse and include flatback syndrome, junctional kyphosis, post-laminectomy 
deformities, adjacent-level degeneration, post-operative instability and pseudarthro-
sis. Additionally, factors such as advancing age compromise bony structures and 
soft tissue, making these problems particularly challenging for the spine surgeon. 
While postsurgical spinal deformities may be a consequence of the unavoidable 
natural history of spinal fusion or decompression, the majority of these deformities 
may be prevented by a fundamental understanding of sagittal balance parameters 
and surgical techniques to preserve spinal stability intraoperatively and to ensure 
proper alignment.

Maintenance of spinal stability and horizontal gaze are important to humans. 
Panjabi et al., defined spinal stability as the ability of the spine to maintain its pat-
tern of displacement such that no neurological deficit, major deformity or incapaci-
tating pain occurs under physiologic loads [1]. Stability is maintained through a 
complex multi-articular system and is necessary for the efficient transfer of forces 
between the upper and lower limbs, as well as to prevent mechanical deterioration 
that occurs as a result of local compensatory mechanisms. Loss of spinal stability 
manifests as an inability of the spine to maintain an adequate load-bearing capacity. 
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Malalignment of the spine is a common manifestation of spinal instability and the 
hallmark of spinal deformity. Neglected spinal malalignment often progresses to 
marked functional limitation.

Similarly, severe sagittal imbalance may render one socially and functionally 
debilitated, as it compromises maintenance of horizontal gaze. Thus, performing 
activities of daily living, including driving, swallowing, speaking, and upkeep of 
personal hygiene may become more difficult with worsening kyphosis. Glassman 
and colleagues demonstrated that quality of life is negatively affected by mild sagit-
tal imbalance and is significantly compromised as sagittal imbalance increases [2]. 
Progressive kyphosis is better tolerated in the thoracic spine and poorly tolerated in 
the cervical and lumbar spine [2–4]. In addition to pain and poor general health, 
postoperative spinal deformity may result in acute or progressive neurologic injury 
[5, 6]. For example, Watanabe and colleagues reported that the neurologic status of 
20% of patients who sustained an acute proximal junctional fracture deteriorated 
from Frankel E to Frankel B [6]. After proximal extension of the instrumentation 
and revision arthrodesis, these patients recovered to Frankel D [6]. Thus, all surgical 
strategies should be utilized intraoperatively to both avoid destabilizing the spine 
and avoid instrumenting and fusing the spine in a misaligned position. These surgi-
cal strategies and the etiologies of post-surgical spinal deformities are addressed in 
detail in this chapter.

 Decompression-Related Postoperative Spinal Deformities

 Posterior Decompression

Many cases of post-surgical deformity develop as a result of destabilization follow-
ing multilevel laminectomies in the cervical, thoracic, and lumbar spine. While this 
approach is generally efficacious and safe in relieving neural element compression, 
it hinges on removing an appropriate amount of lamina and compressive pathology 
within the lateral recess. Inadequate bony decompression can result in persistent 
pain and disability, while aggressive extended facetectomy and pars resection can 
jeopardize spinal column stability. Most commonly, this manifests as progressive 
kyphosis in the cervical spine and accelerated segmental degeneration and worsen-
ing spondylolisthesis in the lumbar spine.

In the cervical spine, one of the most encountered postoperative deformity is 
kyphosis. Kyphosis is the forward angulation of the spine that occurs secondary to 
decompensation in the sagittal plane and is the most common naturally occurring 
deformity in elderly patients because of disc degeneration. Anatomically, interver-
tebral disc have greater height anteriorly versus posteriorly, contributing to the lor-
dortic shape of the cervical spine. Cervical kyphosis occurs with aging and 
progressive disc desiccation due to asymmetric disc height loss (anterior > poste-
rior). Additionally, the cervical spine is intrinsically unstable. This relative instabil-
ity is biologically advantageous as it facilitates greater mobility in frontal, coronal 
and sagittal planes than other anatomical regions of the spine; however, this relative 
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instability renders the cervical spine highly dependent on its soft tissue envelop for 
stability. Posterior decompression disrupts these structures, such that removal of as 
little as 25% of the bilateral facets can predispose patients to kyphotic deformity. 
Because of this small margin of error, prophylactic instrumentation and fusion 
should follow multilevel cervical laminectomy to decrease the risk of post- 
laminectomy kyphosis [7, 8].

While the lumbar spine can better tolerate extended facetectomy without devel-
oping acute instability [9, 10], facet integrity in the lumbar spine remains important 
for rotational and axial stability. In a finite element model amount, Zander et al. 
demonstrated that unilateral hemifacetectomy led to increased intersegmental rota-
tion during axial rotation [10]. Lumbar facet joint compromise also results in greater 
load transmission to the intervertebral disc annulus and anterior longitudinal liga-
ment during axial loading [9, 11]. While this may not produce acute instability, it 
accelerates segmental degeneration and will often require posterior instrumentation 
and fusion [9]. In addition to adequate facet preservation, maintaining integrity of 
the lateral pars interarticularis and true pars in the lumbar spine is important for 
spinal stability. When performing a lumbar laminectomy, the lateral pars should be 
exposed to determine its width so as to avoid over resection. Care should also be 
taken when resecting the superior edge of the distal vertebra’s lamina during decom-
pression. An overly aggressive resection at this site can also lead to an iatrogenic 
pars fracture. Unlike facet destruction, pars fractures can lead to acute postoperative 
instability and thus require posterior instrumentation and fusion.

 Clinical Presentation
Post-surgical deformities have diverse and complex clinical presentations. The 
majority of patients present with mechanical pain with or without neurological defi-
cits, months after the primary surgery. It is not uncommon for patient to feel well 
after the index surgery and with an increase in physical activity, increasing pain 
amount, neurological deficits or deformity are observed. Initially, the pain is 
mechanical, worse with loading and improved with unloading; however, later in the 
disease course, the pain from compression of the neural structures predominate. 
Self-imposed conservative treatments are initiated and other forms of nonprescrip-
tion care, such as home traction devices, chiropractic care, use of over-the-counter 
prescription medications and muscle strengthening. In a subset of patients, these 
conservative measures can be successful, however, with increasing instability, 
deformity and neurological deficits, repeat decompression with instrumented fusion 
is usually necessary to address mechanical pain.

 Instrumentation-Related Postoperative Deformities

The major goal of posterior spinal instrumentation and fusion is to restore spinal 
stability and maintain or improve spinal alignment. Unfortunately, spinal instru-
mentation can easily result in iatrogenic spinal deformity, particularly iatrogenic 
loss of lumbar lordosis, or “flatback”, or “fixed sagittal imbalance”. This 
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phenomenon was first described in 1973 by Doherty et  al. [12], in patients with 
scoliosis treated with Harrington instrumentation. While this distraction-based sys-
tem arrested progression of the coronal deformity, it caused or contributed to sagit-
tal plane malalignment and iatrogenic flatback. Booth et  al. classified iatrogenic 
flatback into two categories: Type 1—segmental loss of lumbar lordosis or lumbar 
kyphosis with preservation of normal sagittal balance; and Type 2—global flatback 
syndrome with fixed positive sagittal imbalance [13]. In type 1, patients can com-
pensate with hyperextending the thoracic spine (thoracic compensation) and pelvic 
retroversion. These compensatory mechanisms are usually effective; however, with 
progressive paraspinal muscle fatigue, maintaining horizontal gaze and sagittal bal-
ance requires increasing pelvic retroversion and hip extension. Since pelvic retro-
version occurs mainly in patients with high pelvic incidence, patients with low 
pelvic incidence have limited ability to retrovert their pelvis and are less able to 
functionally tolerate a flatback. A wide range of pathologies are implicated in the 
formation of flatback syndrome. These include placement of distraction instrumen-
tation in the lower lumbar spine or sacrum, fixed thoracic hypokyphosis, or pseud-
arthrosis resulting in loss of sagittal plane correction. Placement of distraction 
instrumentation into the lower lumbar spine or sacrum is the most common reported 
cause of flatback syndrome. Although modern posterior instrumentation improves 
sagittal alignment correction, it can also result in iatrogenic flatback if implants are 
misused or meticulous attention to lumbar lordosis is not maintained or improved at 
the time of operation. Blondel et al. [14], emphasized the importance of adequate 
restoration of thoracic kyphosis for patients undergoing surgical correction of ado-
lescent idiopathic scoliosis. Similarly, Trobisch et  al. [15], noted that in patients 
undergoing selective thoracic fusion with pedicle screw constructs, high preopera-
tive lumbar lordosis and surgical decrease in thoracic kyphosis were risk factors for 
postoperative loss of lumbar lordosis.

Clinically, patients with a flatback deformity present with stance and gait abnor-
malities with increasing pain and fatigue. When standing upright patients compen-
sate with hyperextension of unfused segments in the thoracic and lumbar spine 
along with hip extension. In severe cases, where compensatory mechanisms have 
been exhausted, knee flexion occurs to bring the torso over the center of gravity.

An appreciation of the various compensatory mechanisms deployed to maintain 
balance and horizontal gaze is of utmost importance and necessitates a comprehen-
sive assessment of regional and global balance of any patient undergoing spinal 
surgery. Radiologic assessment should include a standing full-length (36-inch) lat-
eral and anteroposterior film to allow for assessment of sagittal vertical axis (SVA), 
thoracic kyphosis (TK) and spinopelvic parameters (pelvic incidence (PI), sacral 
slope (SS) and pelvic tilt (PT)). Intraoperatively, meticulous attention to appropriate 
positioning of the hip is critical to ensure adequate lumbar lordosis and minimize 
the risk of inducing iatrogenic flatback [16]. In the setting of a posterior lumbar 
fusion, patients should be placed prone with their hips extended to maximize lum-
bar lordosis [16, 17]. In several clinical studies, intraoperative hip flexion has been 

S. Chilakapati et al.



529

found to decrease lumbar lordosis by 26–67% [17–20]. This is in contrast to hip 
extension, which consistently has been shown to increase lumbar lordosis [17–20]. 
In addition to patient positioning, global and segmental angulation of the lumbar 
spine should be analyzed carefully. The average lumbar lordosis is approximately 
60° [21]. Particular attention should be paid to the segmental angulation between L4 
and S1 because these two segments account for nearly 70% of total lordosis and the 
apex of lumbar lordosis is located, on average, at the L4 vertebral body [21]. As 
hypolordosis of instrumented L4–S1 segments results in increased loading of the 
posterior column of the adjacent segments [22], straight rods from L4 to S1 should 
be avoided and rod contouring should focus on adequate L4–S1 lordosis. In addition 
to ensuring optimal lumbar lordosis intraoperatively, providing sufficient distal fixa-
tion is also important to minimize the risk of postoperative complications and spinal 
decompensation. Fixation to S1 is sufficiently robust in short posterior constructs 
that terminate at L3 or below. However, in longer posterior lumbar fusions and 
instrumentations that extend proximal to L3 for adult spinal deformities, only 
instrumenting and fusing to S1 is not recommended because it is associated with 
high rates of complications, such as pseudarthrosis, sagittal deformity, sacral insuf-
ficiency fractures and instrumentation failure [23–26]. These complications are pre-
sumed to be due to inadequate bone stock of the sacrum, a large number of segments 
requiring arthrodesis, and unfavorable biomechanics due to a long lever arm at the 
lumbosacral junction [25]. Enhancing distal fixation may be accomplished with 
extension to the S2 pedicle; however, McCord and colleagues demonstrated that the 
most biomechanically stable fixation of the lumbosacral joint included fixation of 
the ilium bilaterally combined with bilateral S1 fixation [27], as this provides 4 
points of fixation of the sacrum and pelvis. Although this construct is biomechani-
cally superior to S1-only fixation, iliac screws are not without complications. With 
a minimum of 5-year follow-up data, Tsuchiya and coworkers demonstrated that 
symptomatic iliac screw prominence and the need for screw removal is common (23 
of 67 patients; 34.3%) [28]. Other potential difficulties associated with iliac screws 
are SI joint pain and gait abnormalities, including a short step or “waddle.” [25] A 
technique designed to decrease iliac screw prominence is the S2 alar-iliac screw that 
has its entry site between the S1 and S2 foramen, which is 15 mm deeper than the 
posterior superior iliac spine entry point of traditional iliac wing screws [29–31]. In 
addition to being low-profile, S2 alar-iliac screws provide another point for distal 
lumbosacral fixation, which makes them ideal in revision surgeries for lumbosacral 
pseudarthrosis or instability [32]. Although iliac fixation has evolved, the important 
fundamental concept is that sacral fixation at S1 should consistently be supple-
mented with either unilateral or bilateral iliac fixation for long posterior lumbar 
fusions. Additionally, interbody grafting of L4–L5 and L5–S1 should be used in this 
setting to minimize stress of the lumbosacral instrumentation. With all the afore-
mentioned intraoperative techniques in mind, one may minimize the chances of 
producing an iatrogenic flatback and decrease the risk of postoperative pseudarthro-
sis, instrumentation failures, and significant spinal imbalance postoperatively.
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 Adjacent Segment Disease

The proximal and distal extents of posterior fusions are all considered “at risk” for 
failure as a result of increased loads and motion between the last instrumented ver-
tebrae and unfused adjacent segment [6, 19, 33–35]. Any pathology that occurs at 
the proximal or distal aspects of a posterior fusion is referred to as adjacent segment 
degeneration (ASD) and is classified based on the time at which it occurs postopera-
tively. Acute complications at the junctions of a posterior construct are commonly a 
result of a fracture at the proximal vertebrae, instrumentation pullout, or failure of 
the soft-tissue posterior ligamentous structures [5, 36–41]. These primarily occur at 
the proximal junction of a thoracolumbar fusion extending from the pelvis into the 
upper lumbar or thoracic spine with spondylolisthesis occurring more commonly at 
the upper thoracic spine and vertebral body fractures occurring more commonly at 
the lower thoracic spine.

Risk factors for acute adjacent segment degeneration include, but are not limited 
to, osteopenia, age greater than 55 years, obesity, and severe global sagittal imbal-
ance [5, 6, 39, 40, 42]. In the cervical spine, adjacent segment degeneration occurs 
most commonly in the subaxial spine. The unique anatomy of the cervical spine 
coupled with reliance on the soft tissue envelope explain the difference in the devel-
opment of adjacent segment degeneration in this region as opposed to the lumbosa-
cral region. Radiographically, the prevalence of adjacent segment degeneration 
ranges from 8.5% to 20%. Herkowitz et al. [43], in a randomized surgical trial of 
anterior cervical discectomy and fusion versus posterior cervical foraminotomy 
without fusion, noted ASD rate of 41% for the ACDF cohort and 50% for the poste-
rior cervical foraminotomy cohort. Gore et al. [44, 45], in a 5-year prospective study 
observed new spondylosis in 25% of patients and progression of preexisting spon-
dylosis in another 25%. Bohlman et al. [46], in a 6-year prospective study observed 
an ASD rate of 9% in patients that underwent ACDF. Risk factors after cervical 
spine surgery for development of ASD include sagittal malalignment, existence of 
neural compression at the adjacent level at the time of the index surgery, and surgery 
in the lower subaxial spine (C5–C6 and C6–C7).

In the lumbar spine, adjacent segment degeneration occurs most commonly after 
lumbar fusions. Lehman et al. [47], in a retrospective series of 62 patients followed 
for 33 months reported adjacent segmental instability in 45% of patients. Etebar 
et al. [48], observed adjacent segment degeneration rates of 14% of patients follow-
ing lumbar fusions, the majority (83%) of whom were postmenopausal females. An 
understanding of sagittal balance parameters at the index surgery is necessary to 
decrease the risk of adjacent segment degeneration. Although spinal and pelvic 
parameters are well known by spine surgeons, their application in surgical planning 
and strategy during treatment of spinal disorders is not well understood, leading to 
a common source of mistakes. Current teaching and application of spinal and pelvic 
parameters has simplified our understanding; such that within the ideal sagittal bal-
ance, adaptable reciprocal value of pelvic incidence minus lumbar lordosis should 
be almost constant. As a result, surgical strategy has focused on restoration of this 
ideal angular value of lumbar lordosis as determined by the pelvic incidence; 
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however, this theory although simple to understand is based on the presumption that 
only a single geometric spinal shape exists. Roussouly et al. [21], recently proposed 
a classification of spinopelvic morphotypes that accounts for both angular measure-
ments as well as geometric shape. The four subgroups are—Type 1 characterized by 
low PI and low SS (<35°) with apex of LL in the center of the L5 vertebral body; 
Type 2—physiologic flatback characterized by low PI and low SS (<35°) with apex 
of LL in the center of the base of L4 vertebral body; Type 3--characterized by PI 
between 50° and 60°, 35° < SS < 45° with apex of LL in the center of the L4 verte-
bral body; and Type 4-- characterized by high PI and SS > 45° with apex of LL at 
the base of the L3 vertebral body. The length of the lower arch of lumbar lordosis, 
measured as the distance from the apex to the sacral plateau increases as one moves 
from types 1 through type 4. Ignoring the shape of the spine in surgical planning 
leads to various technical errors, frequently encountered after short segment inter-
body fusions where improper placement of the interbody spacer and inadequate rod 
bending results in loss of lordosis and adjacent compensation of the first nonfused 
level. Biomechanically, lumbar fusions alter the kinematics of the adjacent seg-
ments, redistributing mobility to the juxtafused segments and cause loading of 
unfused segments beyond their physiological limits. In in-vitro studies, Weinhoffer 
et  al. demonstrated a correlation between number of fusion levels and increased 
intradiscal pressures. Similarly, Chow et al. [49], noted increased intradiscal pres-
sures and hypermobility at adjacent segments following lumbar fusions. Take the 
following case example (Fig. 26.1). A 55-year-old male with degenerative lumbar 

a b c d

Fig. 26.1 A 55-year-old male who underwent an L5–S1 fusion for lumbar stenosis and spondylo-
listhesis. (a) 56 year old patient with progressive adjacent segment disease corrected with a T10 – 
sacrum fusion with Iliac fixation. (b) represented with adjacent segment disease and underwent a 
decompression with extension of fusion to L4 and subsequently developed symptomatic adjacent 
segment disease with progressive deformity. (c, d), decompression, correction of deformity and 
stabilization with restoration of sagittal alignment parameters
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stenosis and spondylolisthesis at L5–S1 who underwent a L5 decompressive lami-
nectomy with L5  – sacrum fusion at an outside hospital. He represented a few 
months later with neurogenic claudication and mechanical low back pain secondary 
to adjacent segment degeneration and subsequently underwent a decompressive 
laminectomy at L4–L5 with extension of fusion to L4. However, 12 months postop-
eratively, the patient reported worsening back and bilateral leg pain with progres-
sively worsening difficulty with ambulation. Standing radiographs demonstrated 
adjacent segment degeneration with development of degenerative lumbar scoliosis 
(see Fig.  26.1). This was presumed to be secondary to inadequate restoration of 
sagittal balance and geometric shape based on the Roussouly classification. He was 
subsequently transferred to our center where he underwent decompression, defor-
mity correction and stabilization. First, with a PI of 65° and pelvic tilt of 30°, he was 
classified as a Roussouly false type 2. These patients tend to have a high thoraco-
lumbar inflection point with an apex of lumbar lordosis located the base of the L3 
vertebral body. A revision T10 – sacrum fusion was performed with generous facet 
releases at T11  – L3 and Smith-Peterson osteotomy at L2–L3 and L3–L4. 
Postoperatively, regional and global sagittal and coronal alignment parameters were 
restored. Two-years postoperatively, adequate alignment was maintained. This sce-
nario exemplifies the sequalae of inattention to sagittal alignment parameters and 
restoration of geometric shape when performing short segment fusions. Prevention 
and treatment of adjacent segment degeneration is complicated and controversial. 
The argument for prophylactically including a degenerative disc above a segment 
requiring fusion to prevent adjacent segment degeneration and postoperative pain is 
not uniformly accepted. Furthermore, given the fact that only a subset of patients 
with radiographic evidence of adjacent segment degeneration have associated clini-
cal symptoms supports the argument against prophylactic fusion. However, there is 
agreement on when prophylactic adjacent segment fusion might be beneficial. In 
patients with sagittal malalignment, instability or discography proven axial pain 
above the segment requiring fusion, inclusion of the adjacent level may play a role 
in averting adjacent segment degeneration, as well as being vital to obtaining a suc-
cessful outcome.

 Proximal Junctional Failures

Proximal junctional kyphosis (PJK) is a recognized complications in patients under-
going segmental instrumented fusion for spinal deformities. PJK is defined as a 10° 
or greater increase in kyphosis at the proximal junction measured as the angle from 
the caudal endplate of the uppermost instrumented vertebrae to the cephalad end-
plate of the vertebrae two segments cranial to the UIV. PJK is associated with struc-
tural failure at the UIV. Structural failure is considered a vertebral body fracture, 
disruption of the posterior ligamentous complex, or both. Fractures are commonly 
atraumatic and are the most common of the three aforementioned acute junctional 
complications with a reported incidence reaching 62% [42]. Fractures result from a 
failure of the anterior column and occur in two forms: one at the most proximal 
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instrumented level (UIV) and the other at the vertebra one level proximal to the 
most proximal instrumented level (UIV+1) [6]. Fractures of UIV are presumed to 
be a result of acute concentration of mechanical stress on the UIV after correction 
of considerable sagittal imbalance with rigid pedicle screw constructs, whereas 
fractures of UIV+1 are theorized to be the result of stress concentration on unfused 
adjacent segments [6]. In contrast to proximal junctional fractures that occur more 
commonly at the proximal junction of a fusion extending from the pelvis to the 
upper lumbar or lower thoracic spine, posterior soft tissue disruption and subse-
quent spondylolisthesis occur more commonly at the proximal extent of a thoraco-
lumbar fusion extending from the pelvis to the upper thoracic spine. As acute 
junctional failures often result in an acute destabilization of the spine, neurologic 
injury is a significant risk [5, 6]. Therefore, prevention of these complications is 
important. Take the following case example (Fig. 26.2). Another example of adja-
cent segment degeneration. A 54 year old female degenerative stenosis and spondy-
lolisthesis who underwent an L4–S1 decompression and fusion at an outside 
hospital. Two-years after her index surgery, she presented with mechanical back 
pain, radiculopathy and adjacent segment disease and underwent an extension of 
fusion proximally to L2. However, 2 months post-operative, she developed proxi-
mal junctional failure and presented with severe mechanical back pain and a 60° 
focal kyphotic deformity. She subsequently underwent an extension of fusion proxi-
mally to T10, and again developed proximal junctional failure. She was transferred 
to our center where she underwent decompression, stabilization and deformity cor-
rection. Similar to the example provided above, she had a pelvic incidence of 53°. 
Classified as a Roussouly type 3. Due to progressive deformity and pelvic retrover-
sion, she presented to our center as a Roussouly false type 2 (Pelvic incidence 53°, 

Fig. 26.2 A 54 year old presented after five prior spine surgeries with severe pain (inadequately 
controlled with opioids), proximal junctional kyphosis, rod fractures, and sagittal plane malalign-
ment. She underwent a 3-column osteotomy at L4 for deformity correction
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pelvic tile 22°, lumbar lordosis 30°). A revision T5 to the sacrum with iliac fixation 
was performed with an L4 pedicle subtraction osteotomy. Postoperatively, regional 
and global sagittal and coronal alignment parameters were restored. Similar to the 
aforementioned example, this case exemplifies the sequalae of inattention to sagittal 
alignment parameters and restoration of geometric shape when performing short 
segment fusions.

Strategies to prevent acute junctional failures are aimed at augmenting the ante-
rior column’s load-bearing capacity or the posterior ligamentous structures. To 
strengthen the anterior column, injection of cement via a vertebroplasty or kypho-
plasty technique has been proposed and demonstrated to be safe and efficacious for 
preventing acute junctional fractures [37, 50]. In a clinical analysis, Hart and col-
leagues found that proximal junctional fractures after thoracolumbar fusions from 
the lumbosacral junction to the lower thoracic spine occurred in no adults treated 
with cement augmentation of the proximal vertebrae and in 15% of patients not 
treated with cement augmentation [37]. It appears that cement augmentation of both 
the UIV and the UIV+1 may provide a stronger construct and thus be better for 
fracture prevention than no cement or only one-level cement augmentation of the 
UIV or UIV+1 [50]. In a biomechanical study on cadaveric spines instrumented 
from T10 to L5, Kebaish et al. observed that only 17% of cadavers with two-level 
cement augmentation (UIV and UIV+1) had a proximal junctional fracture, whereas 
67% of specimens with one-level vertebroplasty and 100% of specimens without 
cement augmentation had a proximal junctional fracture [50]. Clinically, Martin and 
coworkers found a 13% rate of proximal junctional pathology after long thoraco-
lumbar fusions with two-level proximal junctional cement augmentation, which is a 
lower incidence of proximal junctional pathology relative to historic data [51]. In 
addition to augmenting the anterior column, strategies focused on augmenting the 
posterior tension band and providing a gradual transition at the junctions are also 
proposed to decrease junctional failures [52, 53].

Proposed posterior-based strategies to decrease the risk of proximal junctional 
failures include using transverse process hooks at the most proximal vertebrae in the 
upper thoracic spine instead of pedicle screws and transitional posterior dynamic 
stabilization devices [52, 53]. Biomechanically, both strategies have been demon-
strated to provide a more gradual transition to normal motion compared with pedi-
cle screws in long posterior spinal fusion constructs [52, 53]. In a porcine spine, the 
use of transverse process hooks compared to pedicle screws at the UIV of long 
fusions terminating in the midthoracic spine was found to decrease stiffness between 
the UIV and UIV+1 and provide a more harmonious range of motion from the distal 
segments to proximal segments [52, 53]. However, a separate biomechanical study 
in osteoporotic human cadaveric specimens did not find a difference in the inci-
dence of proximal junctional fractures between constructs that ended proximally 
with transverse process hooks or pedicle screws [54]. In regard to posterior dynamic 
stabilization devices, few studies have evaluated their efficacy in the setting of long 
thoracolumbar fusions. Nonetheless, in cadaveric spines instrumented from T7 to 
L3, Durrani and colleagues demonstrated that a dynamic stabilization device placed 
at the most distal instrumented level was able to lessen hypermobile conditions of 

S. Chilakapati et al.



535

the adjacent noninstrumented level caused by rigid fixation in flexion-extension, 
lateral bending, and axial rotation [52]. Despite promising results from in  vitro 
investigations, the efficacy of these techniques in preventing acute junctional fail-
ures in the clinical setting remains unknown. Until further clinical studies are per-
formed, preservation of the posterior soft tissue elements (i.e., facet joint capsules 
and posterior ligamentous complex) remains the major strategy to minimize the risk 
of developing acute proximal and distal junctional failures.

 Surgical Correction of Postsurgical Deformity

Surgical strategies to address postsurgical spinal deformity are dictated by patient 
age, medical comorbidities, degree of debilitation, and the unique characteristics 
of each deformity. Regional and global spinal deformity radiographic measure-
ments, including spinopelvic parameters, and recognition of deviations from these 
parameters [55] are important to understand when assessing each deformity. All 
patients with postoperative spinal deformity should have a diagnostic evaluation 
for metabolic bone disease, which includes a dual-energy x-ray absorptiometry 
(DEXA) scan and assessment of levels of vitamin D, calcium, and parathyroid 
hormone. Appropriate pharmacologic treatment of osteoporosis and other docu-
mented metabolic deficiencies should be initiated before proceeding with surgery 
[56]. Additionally, radiographic evaluation should always include full-length, 
standing lateral, and anteroposterior spinal radiographs. Advanced imaging, 
including a computed tomography (CT) myelogram, should be obtained preopera-
tively to evaluate the location and etiology of a radiculopathy or a neurologic defi-
cit. A magnetic resonance image (MRI) may also be obtained to evaluate for 
compressive pathology in the revision setting, particularly if the location of the 
purported pathology is distant to the previous instrumentation. The ideal radio-
graphic goals of deformity correction are to bring the pelvic incidence (a fixed 
value) and lumbar lordosis (a dynamic value) to within 10° of one another, to 
improve pelvic tilt to less than 20°, and to achieve less than 4 cm of coronal and 
sagittal imbalance. Also important is the appreciation of the lordotic shape varia-
tion according to pelvic incidence. This classification described by Roussouly et al 
[21] emphasizes not only angular measurements, but also lordosis curve organiza-
tion and distribution of lumbar lordosis and thoracic kyphosis. To achieve these 
goals, a thoughtful and integrated evaluation of the following should be assessed: 
spinal mobility, the deformity’s apex, previous levels of fusions, decompressions, 
or instrumentation, junctional pathology, neurologic status and need for decom-
pression, and planned levels of instrumentation.

Assessing the mobility of curves cranial and caudal to previous instrumenta-
tions/fusions assists in planning the extent of fusion/instrumentation and determin-
ing the need for osteotomies to mobilize the spine. This may be accomplished by 
obtaining preoperative flexion-extension radiographs or lateral bending radio-
graphs. Supine full-length x-rays also provide useful information on the flexibility 
of the deformity. As is the case in all deformity operations, planned 
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instrumentation/fusions should include the entirety of a structural coronal curve 
(i.e., terminate at the end vertebra) and should not end at the apex of a sagittal 
deformity. Evaluating disc segments contained within the entire planned fusion 
construct is also necessary. For example, if neither disc nor facets are fused then a 
deep posterior based release with total articular process resection plus interlaminar 
release is sufficient. If there are mobile disc motion segments within the planned 
fusion construct with total posterior fusion, then multiple posterior-based osteoto-
mies, including Ponte or Smith- Petersen osteotomies, may be employed to improve 
alignment [57–59]. The Ponte osteotomy has been reported to allow for 5–15° of 
angular correction per level [59], whereas the Smith-Petersen osteotomy has been 
reported to allow for 10° of correction per spinal level [58]. In contrast, solid 
arthrodesis and severe deformity that does not include mobile motion segments 
may require more acute angular correction using three-column osteotomies, 
including a pedicle subtraction osteotomy or a vertebral column resection [57, 59, 
60]. The level of the PSO is also very important. A L3 PSO has historically been 
performed because of ease of accessibility and low rate of neurological complica-
tions. However, recent studies have demonstrated a relationship between apex of 
lumbar lordosis and development of proximal junctional kyphosis: the higher the 
PSO level, the greater the risk of PJK. PSO’s should be performed at L4 or L5 to 
reconstruct the inferior arch of lumbar lordosis. The pedicle subtraction osteotomy 
has been reported to provide an average of approximately 30° of correction [61]. 
Vertebral column resection allows for greater correction of both sagittal and coro-
nal plane deformity as well as restoration of the anterior column’s height and load-
bearing capacity with a cage or strut osseous graft. The anterior column may also 
be reconstructed via traditional or minimally invasive anterior approaches. 
Although spinal deformity correction with the aforementioned techniques are 
focused at the apex of deformity, an overall harmonious deformity correction that 
closely matches normal anatomy is the ideal goal. This type of correction theoreti-
cally has anatomic advantages related to minimizing proximal junctional disease 
over the creation of an acute angular correction that may result in a reciprocal 
kyphosis proximal to the deformity correction. Additionally, a more harmonious 
deformity correction does not require extravagant bends in one’s spinal rods. This 
is important as the biomaterials used in spinal deformity operations all have unique 
intrinsic properties that relate to their elastic and plastic deformations. Compared 
to a rod that is significantly bent, a rod with a less acute bend has a lower chance 
of being manipulated past the zone of elastic deformation into the zone of plastic 
deformation where it is permanently weakened. The use of multiple rod constructs 
in the setting of deformity correction has gained popularity, as multiple rods facili-
tate less rod manipulation and minimize the risks of plastic deformation. Although 
modifications in spinal constructs are important to improve outcomes, a compre-
hensive analysis of the nuances of each deformity, a firm working knowledge of 
spinal deformity surgical principles, and a careful understanding of patient expec-
tations are the keys to treating postsurgical deformity.
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 Conclusion

Postoperative deformity is common in patients who have undergone prior spinal 
surgery. It results in an imbalance of the spine and can lead to progressively worsen-
ing disability. The etiology can be diverse, however, proper patient positioning dur-
ing surgery, minimizing bony removal during decompression and adequate 
restoration of geometric shape can minimize the risk of postoperative deformity.
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 Introduction

In recent years, there has been a gradual movement in healthcare towards increas-
ing the value of the care provided to patients. To this end, the importance of 
patient reported outcome measurement has gained in prevalence and in impor-
tance in the emerging reimbursement model that hinges more on the quality of the 
care provided, rather than the amount or volume of care [10, 11]. This patient-
centered system focuses on the value that an individual receives from a surgical 
intervention as defined as the quality of care and patient experience per unit of 
cost [10]. Quality measurement value is an inherently difficult task as this 

J. M. Sanchez 
University of Texas Southwestern Medical Center, Department of Neurological Surgery, 
Dallas, TX, USA
e-mail: Jose.Sanchez@utsouthwestern.edu 

S. G. Aoun 
Department of Neurological Surgery and Spine Center, UT Southwestern Medical Center, 
Dallas, TX, USA 
e-mail: Salah.Aoun@utsouthwestern.edu 

K. Hall 
University of Texas Southwestern Medical Center, Spine Center, Dallas, TX, USA
e-mail: Kristen.Hall@utsouthwestern.edu 

C. A. Bagley (*) 
University of Texas Southwestern Medical Center, Department of Neurological Surgery, 
Dallas, TX, USA 

University of Texas Southwestern Medical Center, Spine Center, Dallas, TX, USA 

University of Texas Southwestern Medical Center, Department of Orthopedic Surgery, 
Dallas, TX, USA
e-mail: Carlos.Bagley@utsouthwestern.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. E. Noe (ed.), Multidisciplinary Spine Care, 
https://doi.org/10.1007/978-3-031-04990-3_27

mailto:Jose.Sanchez@utsouthwestern.edu
mailto:Salah.Aoun@utsouthwestern.edu
mailto:Kristen.Hall@utsouthwestern.edu
mailto:Carlos.Bagley@utsouthwestern.edu
https://doi.org/10.1007/978-3-031-04990-3_27


542

definition may vary based on the perspective taken (i.e. patient, hospital, physi-
cian, etc.). PRO have the objective of focusing on what patients find valuable 
when undergoing an intervention rather than focusing on what clinicians deter-
mine to be favorable outcomes. PRO also aim to quantify health status from the 
patient’s viewpoint without interpretation of responses by the clinician [10]. 
These tools can be extremely valuable when measuring patient’s progress as they 
focus on the aspects that motivated a patient to pursue an intervention. PRO may 
also be analyzed in conjunction with clinical parameters in order to provide a 
more wholistic view of the quality of the services rendered [10]. In this manner, 
the clinician can evaluate the quality of care that is being offered to the patient. 
These tools are usually divided into categories such as general quality of life, 
functioning, pain, and disease specific outcomes and the goal is to objectify mea-
sures that do not align with traditional outcomes measures [1]. This chapter 
focuses on PRO used in the field of spine surgery.

 History

The use of PRO is a practice that is becoming more popular in modern medical lit-
erature. The steady increase in the use of PRO has been reported to be as dramatic 
as a fivefold increase per decade [2]. Some of the first forms of PRO can be traced 
back to the early 1900s. Some of the more popular PRO tools that can be found in 
modern literature of spine surgery include the Oswestry disability index (ODI), 
Visual Analog Scale, European Quality of Life five-dimension (EuroQoL-5D), 
“Short Form Survey (36, 12, 22), Scoliosis Research Society (SRS), Numeric 
Rating Scale (NRS) among others [1]. Additionally, we have also seen a dramatic 
increase in the creation and use of disease specific tools such as the neck disability 
index (NDI) and Myelopathy disability index (MDI) as well as the use of interdis-
ciplinary care models such as Enhanced Recovery After Surgery Pathways (ERAS) 
that attempt to exploit the value of PRO by using a comprehensive multisystem 
approach [1].

 General Health Measures

Some of the general health assessment tools that have been regarded as highly valu-
able in the assessment of general health measures in patients undergoing spine sur-
gery include the EuroQoL-5D and the Short Form Questionnaires, particularly the 
SF-36 as it provides a more comprehensive evaluation compared to the SF-12 and 
SF-6 [9]. Additionally, there are tools such as the McGill Pain Questionnaire (MPQ), 
NRS and the visual analogue scale (VAS) that, although not comprehensive or dis-
ease specific, they report relevant information that combined with other tools help 
evaluate the patient undergoing spine surgery in a general and comprehensive 
manner [9].
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 European Quality of Life Five-Dimension (EuroQoL-5D)

The EuroQoL-5D is a popular and well accepted tool published in the 1990s and 
was designed to provide a simple and generic measure of general health [5]. This 
tool is dived into five “dimensions” that address mobility, self-care, usual activities, 
pain (or discomfort), anxiety and/or depression [5]. This survey has been translated 
into more than 150 languages and is commonly used worldwide in numerous spe-
cialties [5].

 Short Form Questionnaire

The medical Outcomes Study Short Form Questionnaire, particularly the SF-36, is the 
most used general health outcome measure [10]. It is a consolidation of the original 
RAND Corporation’s 1989 Medical Outcomes Study which was a 116-item question-
naire with 8 different domains [10]. Results of the SF-36 are generally reported in the 
8 separate domain scores and/or two summary scores ranging from 0 to 100 [10]. 
These forms have been validated to use across a broad spectrum of diseases and is 
powerful enough to assess and compare the overall health status of patients suffering 
completely different pathologies. One of the major disadvantages is that it takes con-
siderably more time and effort to complete compared to the EuroQoL-5D [10].

 Numeric Rating Scale

The NRS for pain is a numeric, one-dimensional scale that is useful for rating pain 
across multiple conditions and diseases [4]. Most commonly, it is used as a scale 
from 0 to 10 where 0 denotes no pain and 10 denotes the worst possible imaginable 
pain [4]. The patient then picks a discrete number in the scale to rate his or her pain. 
This scale has been validated across multiple conditions and can be a tool used to 
compare pain across multiple conditions that produce somatic symptoms as well as 
conditions that result primarily in emotional distress [4].

 Visual Analog Scale

Like the NRS, VAS is another one-dimensional scale for rating pain or emotional 
distress [4]. The VAS was traditionally presented as a 10 cm scale on which the 
patient can mark any point on the scale [4]. Then, the results are interpreted based 
on preestablished cutoffs. For example, 0–4  mm can be interpreted as no pain, 
5–44 mm as mild pain and so on [10]. This tool has also been validated across mul-
tiple conditions and can also be used to compare pain or distress between two com-
pletely different processes but the highly subjective nature of these scales causes 
significant variability and limits comparison across a range of patients or even 
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between multiple assessments in the same patient. For example, lower scores have 
been reported for horizontally oriented VAS compared to vertical ones [8].

 McGill Pain Questionnaire

The MPQ was introduced in 1975 but was later replaced with the shorter version 
SF-MPQ and most recently by the SF-MPQ-2 [10]. The SF-MPQ-2 is composed of 
a list of pain descriptors and incorporates the principles of the NRS and the VAS. In 
this tool, the patient selects a value from 0 to 10 presented as a visual scale for each 
pain descriptor [13]. These values can be summed to report a total pain score from 
0 to 220 or can be used individually for each component [13]. This in turn allows the 
clinician to provide targeted treatments for the areas that produce the most distress 
while keeping in mind the multifactorial nature of pain.

 Disease-Specific Measures

Multiple disease-specific PRO tools exist. Here we will focus on measures designed 
to assess functional impairment in patients with spine related pathology.

 Cervical Spine

The use of PRO tools have gained popularity as a way to quantify patient outcomes, 
however, the number of tools available to assess disability of the cervical spine remains 
limited and the correlation between certain clinical parameters such as sagittal bal-
ance with disability in the cervical spine remains modest [19]. Furthermore, neck pain 
is often multifactorial. Specifically, neck pain may be caused by primary cervical 
deformity which could be the result of degenerative causes, congenital causes, trauma 
or iatrogenic causes [14]. Cervical deformity can lead to a wide variety of symptoms 
including gait disturbance, pain, cervical myelopathy, dysphagia, and many others in 
the more extreme presentations such as the chin-on-chest deformity [14]. In the set-
ting of trauma, injuries can result in a myriad of symptoms and conditions including 
pain, spinal cord injuries and deformities that whether these are corrected or not, can 
impair a patient’s ability to perform everyday activities. For all these reasons, captur-
ing disability from cervical deformity and trauma has been difficult [22]. Although 
some tools designed to evaluate PRO in patients with cervical myelopathy investigate 
some of the symptoms and complications that are shared between degenerative spine 
disease, deformity and trauma, there is no PRO tool that successfully measures dis-
ability in patients with cervical spine deformity or trauma in a targeted manner [20]. 
There are, however, tools that assess the disability caused by cervical spine pathology 
as a broad category. A clear and well validated example is the NDI.

The NDI was published in 1991 and it is one of the most validated disease- 
specific tools in spine surgery [21]. This PRO is composed of ten questions that 
assess how neck pain has affected an individual’s ability to manage in everyday life 
[21]. This tool includes questions related to pain intensity, personal care, lifting, 
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reading, headaches, concentration, work, driving, sleeping and recreation [21]. 
Each question is graded in a scale of 0–5 for a total of 50 points. The score is then 
divided by the total possible score depending on the number of questions answered 
by the individual and reported as a percentage [21]. The NDI has been validated and 
found to meet the responsiveness required to detect when a true change has occurred 
[21]. Furthermore, the NDI showed a fair test-retest reliability in patients with dis-
ability secondary to neck pain or other cervical spine pathology [21].

The Cervical Spine Outcomes Questionnaire (CSOQ) was originally described 
in 2002 and consists of 35 questions divided into 6 different categories that measure 
physical symptoms, psychological distress, neck pain, arm pain, physical disability, 
and healthcare utilization [17]. This tool has been validated and has been found to 
have good correlation with other standard outcome tools.

Cervical myelopathy is a subcategory of cervical spine pathology for which PRO 
tools have been developed. Examples include the Modified Japanese Orthopaedic 
Association Scale (JOA) and the Myelopathy Disability Index (MDI) [8]. Similar to 
the ODI and the NDI, the MDI is a 10-question tool that is scored on a scale from 0 
to 3 with a total possible score of 30 [8]. This tool was initially developed with the 
aim of objectively measure disability in patients with rheumatoid arthritis compli-
cated by cervical myelopathy [3]. This tool has been found to be responsive and 
sensitive to detect changes on patients undergoing surgical intervention for cervical 
myelopathy [3].

The modified JOA, is another tool that was developed with the goal of assessing 
patients with cervical spondylotic myelopathy and resultant disability [8]. Although 
validation of this tool is still in its early stages, the mJOA has been widely used 
across the world, particularly in Japan [8]. This tool consists of six categories: motor 
function of the upper extremity, motor function of the lower extremity, sensory 
function of the upper extremity, sensory function of the trunk, sensory function of 
the lower extremity, and bladder function [8]. This tool grants a higher point score 
to patients with motor dysfunction, suggesting that patients with motor dysfunction 
suffer from greater disability.

Capturing disability from cervical pathology can be a difficult task. Cervical 
pathology can lead to a diverse range of symptoms such as myelopathy, radiculopa-
thy, dysphagia, neck pain, gait disturbance, gaze impairment [2]. Current PRO tools 
are able to look at disability from neck pathology as a broad category which perhaps 
could be sufficient to detect meaningful changes in a simple and efficient manner in 
patients undergoing surgery of the cervical spine [9]. However, the number of tools 
that look at specific pathology remain scarce. While it is important to keep PRO 
tools simple and user friendly so they can be effectively used in the timeframe of an 
office visit by a wide variety of patients including the elderly, the development of 
PRO tools for specific pathologies could prove useful for clinicians and researchers 
that wish to understand the value of a surgical intervention.

 Thoracolumbar Spine

Several PRO tools have been developed to assess disability due to thoracolumbar 
spine pathology. Although many of the questions overlap with other general health 
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and spinal disease measures, these tools tend to focus on symptoms that are more 
prevalent in thoracolumbar spine disease such as low back pain (LBP), lumbar func-
tion and walking. Notable tools include the Oswestry Disability Index (ODI), 
Roland-Morris Disability Questionnaire (RMDQ), Quebec Back Pain Disability 
Scale (QBPDS), and the Japanese Orthopedic Association Back Pain Evaluation 
Questionnaire (JOABPEQ). Like the tools available for cervical spine, thoracolum-
bar disability can be the result of multiple processes such as deformity, degenerative 
spine disease, and trauma among others so many of these tools capture disability 
from thoracolumbar spine disease as a generalized entity and do not distinguish 
between different causes of disability [1].

The ODI was first published in 1980 and it was widely disseminated at the 
International Society of the Study of the Lumbar Spine in 1981 [6]. The ODI is a 
questionnaire that contains 10 categories each one graded from 0 to 5. Like the NDI, 
the score is then added up and divided by the total possible score and it’s converted 
into a percentage. The score is typically classified into different degrees of disability 
but in simple terms, the higher the percentage, the greater the disability [18]. The 
advantages of the ODI include that it can be completed just within a couple of min-
utes, it has higher sensitivity for higher levels of disability, and it was been validated 
by numerous authors [7].

The RMDQ was developed in 1993 and contrary to the ODI, is more sensitive in 
patients with milder symptoms of back pain [15]. This tool was designed for use in 
research for clinical trials, but it has also been found to be useful in clinical settings. 
The questionnaire consists of 24 “because of my pain” statements that give a short 
description of the disability suffered by patients with back pain. In this question-
naire, the responses are binary and consist of “yes” or “no” [15]. Patients receive 1 
point for every answered with a “yes” for a total possible score of 24. Higher scores 
indicate higher disability. One of the disadvantages of the RMDQ) is that it does not 
assess psychological and psychosocial disability therefore, it correlates less with 
measures of psychosocial disability [16]. Nonetheless, the RMDQ has been exten-
sively validated and reviewed and it has been found to have a high degree of internal 
consistency as well as good correlation with other measures of disability [16].

Similar to the limitations of PRO tools for cervical spine, tools designed for the 
thoracolumbar spine do not discriminate between different causes of thoracolumbar 
disability. These tools look at thoracolumbar disease as a single entity. Although 
most are simple enough to be administered in a regular office visit, many of these 
tools often fail to capture the disability of the patient in a comprehensive manner. 
This in turn, limits the usefulness of these tools for clinical and research purposes.

 Discussion

The investigation of surgical outcomes is an important practice that allows us to 
make improvements in clinical care delivery. Traditionally, the focus of these out-
comes has been what practicing clinicians determine to be important. In recent 
years, however, there has been an increasing trend in the PRO tools cited in spine 
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literature [1]. This is particularly important as the number of patient’s seeking spine 
care continues to increase and places tremendous economic strain on the entire 
healthcare system [12]. While a large portion of the spine literature has focused on 
operative metrics, the data does not always consistently align with better functional 
outcomes and patient satisfaction with care. Examples of success that this type of 
patient centric, PRO measurement focused approach includes the reduction of opi-
oid use and readmission rates in patients undergoing thoracolumbar fusions for 
degenerative deformity through a multidisciplinary ERAS at a large urban tertiary 
health system [1]. One of the interesting characteristics of this program is that 
patients received preoperative care that included behavioral health and psychology 
referrals with the goal to understand which symptoms motivate individual patients 
to pursue a surgical intervention and to manage patient’s expectations. This is just 
one example of the potential to improve health care quality and outcomes by shift-
ing to a patient centered approach. PRO measurement will become an integral com-
ponent of outcomes evaluations and future research. In an ideal scenario, a clinician 
should be able to assess each condition with a disease specific tool. This tool should 
be comprehensive and include patient-centered questions that assess characteristics 
that clinicians have traditionally assessed subjectively in addition to the more tradi-
tional characteristics assessed in the past. The primary criticism of currently avail-
able measurement tools is that many of these tools fail to capture the true disability 
of patients and can mislead providers regarding patient outcomes. Clinicians and 
researchers should also be careful to maintain a low administrative burden as long 
surveys have been shown to have a lower completion rate. Additionally, it should be 
noted that some of the PRO instruments currently used have not been well validated 
which highlights the need for disease-specific instruments for common subsets of 
spine disease. Regardless, the use of PRO instruments should not be discouraged by 
the lack of disease-specific tools as it is known that general health measures corre-
late with disease-specific measures [20]. Ultimately, more research is needed to 
investigate whether this approach will produce useful data regarding the value of a 
surgical intervention for spine disease.
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28Scoliosis in Children

Karl Rathjen

 Definition

Scoliosis is a three-dimensional deformity of the spine. The term scoliosis, first used 
by Galen (131–201 AD), is derived from the Greek word meaning “crooked” [535]. 
Today, scoliosis is defined as lateral deviation of the normal vertical line of the 
spine, which when measured on a coronal or anterior-posterior radiograph, is greater 
than 10° (Fig. 28.1).

Because the lateral curvature of the spine is associated with rotation of the verte-
brae within the curve, a three-dimensional deformity occurs with the most signifi-
cant abnormality located in the apical region. As the deformity worsens, structural 
changes develop in the vertebrae and rib cage. Although relationships between 
intrathoracic and abdominal organs may be distorted if the deformity becomes 
severe, pulmonary function is the only organ system adversely effected by scoliosis.
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Fig. 28.1 Cobb angle is 
measured on an AP 
radiograph by measuring 
the angle between the top 
of the cephalad most 
angled vertebrae and the 
bottom of the caudal most 
angled vertebrae

 Classification of Scoliotic Curves

A variety of terms are used to describe the different types of scoliotic curves. 
Table 28.1 provides definitions for the most common ones.

 Idiopathic Scoliosis

Idiopathic scoliosis, for which a definitive cause of the deformity has not been 
established, is the most common type of scoliosis. The diagnosis of idiopathic sco-
liosis can be made only after a thorough physical and radiographic examination has 
ruled out neurologic causes, syndromes, and congenital anomalies. Idiopathic sco-
liosis may have its onset at any age during growth, but three fairly well defined peak 
periods are accepted: (1) in the first year of life, (2) at 5–6 years of age, and (3) after 
11 years of age to the end of skeletal growth. This third peak period is the time when 
most idiopathic scoliosis patients are diagnosed.
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Table 28.1 Types of scoliosis and scoliotic curves

Adult scoliosis: Spinal curvature present after skeletal maturity as a result of any cause.
Cervicothoracic curve: Any spinal curvature in which the apex is at C7 to T1.
Compensatory curve: Secondary curve located above or below the structural component that 
develops to maintain normal body alignment.
Congenital scoliosis: Scoliosis caused by bone abnormalities of the spine that are present at 
birth. The anomalies are classified as failure of vertebral formation or failure of segmentation.
Double curve: Scoliosis in which two lateral curves are present in the same section of the 
spine.
Double major curve: Scoliosis in which two structural curves, usually of similar size and 
rotation, are present.
Double thoracic curve: Scoliosis with a structural upper thoracic curve; a larger, more 
deforming lower thoracic curve; and a relatively nonstructural lumbar curve.
Hysterical scoliosis: Nonstructural deformity of the spine that is a manifestation of the 
psychological disorder.
Idiopathic scoliosis: Structural spinal curvature, the cause of which has not been definitely 
established.
Kyphoscoliosis: Seen as an increased round back on a lateral radiograph, this condition my 
represent a true kyphotic deformity (as occurs in some pathologic condition), or it may 
represent such excessive rotation of the spine that a lateral radiograph is actually reflecting the 
scoliotic deformity. (In idiopathic scoliosis, true kyphotic deformity does not occur.)
Lordoscoliosis: Structural scoliosis associated with increased swayback or loss of normal 
kyphosis within the measured curve; it is nearly always present in idiopathic scoliosis.
Lumbar curve: Spinal curvature in which the apex is between L1 and L4.
Lumbosacral curve: Spinal curvature in which the apex is at L5 or below.
Neuromuscular scoliosis: Scoliosis caused by a neurologic disorder of the central nervous 
system or muscle.
Nonstructural (functional) curve: Curvature that does not have a fixed deformity and may be 
compensatory in nature. The curve may be a result of leg length discrepancy (in which case it 
disappears when the patient is supine), poor posture, muscle spasm, or some other cause.
Primary curve: The first or earliest curve present.
Structural curve: Segment of the spine that has a fixed lateral curvature.
Thoracic curve: Spinal curvature in which the apex is between T2 and T11.
Thoracolumbar curve: Spinal curvature in which the apex is at T12, L1, or the T12-L1 
interspace.

From Tachdijain’s Pediatric Orthopaedics 6th Edition

The term adolescent idiopathic scoliosis (AIS) is used when the deformity is 
recognized after the child has reached 10 years of age but before skeletal maturity, 
although it is typically noted before the onset of puberty. Infantile idiopathic 
(younger than 3 years) and juvenile idiopathic scoliosis (3–9 years old) are now 
included within “early-onset” scoliosis, a group that includes any type of scoliosis 
diagnosed before the age of 10 years.

 Adolescent Idiopathic Scoliosis

Prevalence
In children over the age of ten, the prevalence of radiographic curves measuring at 
least 10° ranges from 1.5% to 3.0%, that of curves exceeding 20° is between 0.3% 
and 0.5%, and that of curves exceeding 30° is between 0.2% and 0.3%.
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A definite relationship between idiopathic scoliosis and gender has been noted, 
particularly as the magnitude of the curve increases. The ratio of affected females to 
males has been reported to be 1:1 for curves between 6° and 10°, 1.4:1 for curves 
between 11° and 20°, 5.4:1 for curves exceeding 21° but not requiring treatment, 
and 7.2:1 for curves requiring treatment [658]. The gender prevalence in adolescent 
idiopathic scoliosis—that is, an equal prevalence between the sexes for small curves 
(<10°), with increasing female prevalence for larger and progressive curves has 
been well documented [35, 162, 456, 658].

Natural History After Skeletal Maturity
In general, the rate of progression of scoliosis in adults is much slower than that in 
adolescence and depends on the size of the curve once skeletal maturity has been 
reached. Regardless of the curve pattern, curves of less than 30° in a mature indi-
vidual are unlikely to progress. Larger curves, however, may progress. Recent 
reviews examining long-term outcomes in patients with adolescent idiopathic sco-
liosis who received no treatment showed that single thoracic curves of 50–75° prog-
ress 0.73°/year over a 40-year period [36, 161]. This progression does not result in 
increased mortality, but pulmonary symptoms may be associated with larger curves. 
Although no long-term studies using modern quality of life questionnaires exist, 
AIS does not alter social function, childbearing, and marriage in adults. Most indi-
viduals with AIS and moderate curve size around maturity can be expected to func-
tion well and lead a normal life in terms of work and family. Pain is common in 
adults with scoliosis, although it is not related to the size or location of the curvature 
[150, 555, 844]. The pain does not usually interfere with the patient’s ability to work 
or perform daily activities. Despite outwardly apparent deformities because of long- 
standing untreated scoliosis, most adults have no significant psychological difficul-
ties when compared with persons without scoliosis [845].

In summary, thoracic scoliosis of greater than 50–60° in adulthood may progres-
sively worsen and potentially reduce pulmonary function. Lumbar curves, espe-
cially those greater than 45–50°, are also likely to progress in adulthood and may 
lead to osteoarthritis.

Natural History Before Skeletal Maturity
Children with curves of less than 20° are at relatively low risk for progression, par-
ticularly as they approach skeletal maturity [457]. For larger curves the factors 
which are important in determining risk of progression include gender, growth 
remaining, curve magnitude, and curve pattern [98, 457, 556].

Gender
As previously mentioned, the majority of patients whose curves progress and ulti-
mately require treatment are female [35, 162, 456, 658]. Although the exact reason 
for this phenomenon remains unknown, hormonal influences have been proposed 
[11, 283, 726].
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Remaining Growth
Patients with adolescent idiopathic scoliosis who have curves that progress, have 
the most progression during the adolescent growth spurt. Thus, understanding a 
patient’s potential for remaining growth is vital in determining the risk for potential 
progression. Growth potential can be assessed using a variety of maturity indices. 
The most commonly used include: the Risser sign (a skeletal marker of the pelvis), 
the Sanders stage (based on hand and wrist skeletal maturity [683, 722, 820]), the 
proximal humeral ossification system [175, 437, 438], the elbow’s olecranon skel-
etal maturity [128], peak height velocity (PHV), and in females, menarchal status.

The Risser sign is a radiographic measurement based on ossification of the iliac 
apophysis, which is divided into four quadrants [651], beginning on the lateral 
aspect of the iliac apophysis and progressing medially. The Risser sign proceeds 
from grade 0, no ossification, to grade 4, in which all four quadrants of the apophy-
sis show ossification (“capping”). When the ossified apophysis has fused completely 
to the ilium (Risser grade 5), the patient is fully skeletally mature.

Sanders developed a simplified skeletal maturity scoring system for AIS that 
uses radiographs of the hand that is increasingly utilized to determine the remaining 
skeletal growth and subsequent risk for progression (Fig. 28.2) [683, 825].

Fig. 28.2 Sanders’ simplified skeletal maturity scoring system for AIS. (From Beauchamp 
et al. [902])
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This system which is based on the radiographic appearance of the epiphyses of 
the phalanges and the distal radius correlates more strongly with the behavior of 
idiopathic scoliosis than does the Risser sign.

The Proximal Humeral Ossification System (PHOS) is another recently devel-
oped radiographic assessment that has been shown to correlate with AIS progres-
sion more significantly than the Risser stage. Unlike the Sanders stage, which 
requires a separate radiograph of the hand, the PHOS can be scored on an AP or PA 
x-ray of the spine; as long as the upper extremities are appropriately positioned 
[175, 437, 438].

PHV is a measurement of the maximal skeletal growth that occurs during the 
adolescent growth spurt [447, 684, 736]. Calculated from changes in a patient’s 
height measurements over time, PHV is fairly consistent in the published literature 
and is reported to be about 8.0 cm/yr for girls and 9.5 cm/yr for boys [94, 218, 783]. 
For PHV to be clinically useful, serial height measurements must be obtained. Six- 
month intervals are preferred because shorter intervals may result in significant 
measurement error. The information can often be obtained from the family, school, 
or pediatrician. Although PHV requires analysis of serial height measurements col-
lected over time, it is the earliest and best index available to demonstrate that growth 
is slowing and the risk for curve progression is diminishing.

Diméglio correlated PHV with the elbow radiograph’s olecranon stages of skel-
etal maturation and noted that curves greater than 30° prior to the onset of pubertal 
growth have a 100% risk of progressing over 45° (P < 0.0001) and curves 21–30° 
have a progression risk of 72.5% (P  =  0.0034). Thus, plotting curve magnitude 
against height measurements and the stages of olecranon maturation offers a reli-
able prediction of curve progression risk in Risser 0 patients with AIS [128].

Menarchal status is a clinical measurement applicable only to females. A preme-
narchal girl is still in the active growth period. After menarche, she enters the decel-
eration phase of growth, and the likelihood of curve progression lessens.

Curve Magnitude
The size of the existing curve when scoliosis is recognized is helpful in predicting 
curve progression. The combination of this factor and assessment of remaining 
growth is used to predict the natural history in young patients with scoliosis. 
Immature patients (premenarchal, Risser grade 0) with curves greater than 20° are 
at substantial risk for progression of spinal deformity (Table 28.2) [98, 265, 453, 
454, 556, 658].

For immature patients with curves exceeding 25°, the risk for curve progression 
is believed to be significant enough to recommend orthotic management at the time 

Table 28.2 Incidence of curve progression based on curve magnitude and Risser grade

Risser grade
Percentage of curves that progress
Curves 5–19° Curves 20–29°

0 or 1 22 68
2, 3, or 4 1.6 23

From Tachdijain’s Pediatric Orthopaedics 6th Edition
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Table 28.3 Curve magnitude and skeletal maturity and treatment recommendations

Curve magnitude 
(degrees)

Risser sign
Grade 0/premenarchal Grade 1 or 2 Grade 3, 4, or 5

<25 Observation Observation Observation
30–40 Brace therapy (begin when the 

curve is >25°)
Brace 
therapy

Observation

>45 Surgery Surgery Surgery (when the curve 
is >50°)

From Tachdijain’s Pediatric Orthopaedics 6th Edition

of initial evaluation [366, 459, 556, 624, 746, 803]. Currently, consideration is given 
to initiate orthotic management in immature patients with curves as low as 20° 
because of the finding that curves exceeding 30° at the onset of the pubertal growth 
spurt have a high risk of progression to a surgical magnitude (≥45°) [128, 447].

Table 28.3 summarizes treatment recommendations based on curve magnitude 
and skeletal maturity.

Scoliosis Screening
Scoliosis screening is a controversial topic, particularly when discussing school 
screening programs. Because of the growing body of evidence that bracing is effec-
tive in limiting progression  – particularly when started in younger patients with 
smaller curves – several professional organizations continue to advocate for scolio-
sis screening; including the American Academy of Pediatrics (AAP) the American 
Academy of Orthopaedic Surgeons (AAOS), the Scoliosis Research Society (SRS), 
the Pediatric Orthopaedic Society of North America (POSNA). In a 2016 statement, 
these organizations supported incorporation of screening of children for AIS by 
knowledgeable health care providers as part of preventive services visit for females 
at age 10 and 12 years (grades 5 and 7), and for males, once, at age 13 or 14 years 
(grades 8 or 9) [317].

Several clinical signs are indicative of possible scoliosis and are frequently used 
in screening programs, including shoulder asymmetry, unequal scapular promi-
nence, appearance of an elevated or prominent hip, and a positive Adams forward-
bending test. The Adams test is performed by having the child bend forward until 
the spine is horizontal and, while examining the patient from the rear, noting whether 
one side of the back appears higher than the other (Fig. 28.3).

This test is the most common noninvasive clinical method for evaluating scolio-
sis [10, 97, 152, 545]. In an effort to quantitatively assess the asymmetry and thus 
establish an appropriate degree of deformity that justifies referral for medical evalu-
ation, Bunnell introduced the scoliometer in 1984 (Fig. 28.4) [97].

Current recommendations are for radiographic assessment of children who have 
a 7° or greater angle of trunk rotation [99]. With this criterion the chance of missing 
a curve greater than 30° (the curve magnitude at which bracing is usually initiated) 
is low. When this approach is used, the referral rate is approximately 3% of persons 
screened, with a 95% detection rate of curves requiring brace treatment. An excep-
tion to this 7° rotation recommendation is found in obese patients. In this instance, 
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ba

Fig. 28.3 Adams test. Clinical photographs of a patient with surgical magnitude adolescent idio-
pathic scoliosis. (a) Note trunk shift to right and scapular and shoulder height asymmetry. (b) 
Adams Forward bending test. Note the thoracic rotation

their body mass alters scoliometer measurements leading to an underestimation of 
curve size. Obese patients should be referred at a scoliometer angle of 5° [487].

Etiology
Adolescent idiopathic scoliosis is most likely a multifactorial condition. Research 
on the etiology of scoliosis has focused on neurologic factors, connective tissue dif-
ferences and genetics. Historically, biochemical and nutritional deficiency [292, 
340, 874], structural defects [108], and endocrine abnormalities have also been 
investigated [726].
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Fig. 28.4 Bunnell scoliometer. Scoliometer demonstrating (shown analog and with a mobile app) 
quantification of thoracic rotation

Neurologic Factors
Responses to vibratory stimuli are reportedly reduced significantly and asymmetric 
between the left and right sides in scoliotic patients when compared with controls 
[50, 589, 875]. In addition to abnormalities in the sensory pathways, motor dysfunc-
tion has been reported, thus suggesting that the organization of the entire brain is 
asymmetric in individuals with scoliosis [264]. Regional differences in brain vol-
ume have also been reported in patients with AIS [448].

The pineal gland and melatonin’s role in scoliosis have also been studied exten-
sively. Experiments on pinealectomized chickens revealed that melatonin deficiency 
contributes to the development of scoliosis in this model, probably by interfering 
with the normal symmetric growth of the proprioceptive system involving the para-
spinal muscles and the spine [45, 67, 136, 330, 474–479, 889]. However, melatonin 
therapy after pinealectomy in chickens had no effect on the development or progres-
sion of scoliosis, thus raising doubts about its role [44, 811]. Lower melatonin levels 
and impaired melatonin signaling have been reported in patients with scoliosis ver-
sus controls [477, 544, 835], but other investigators have refuted this finding [7, 91, 
214, 269, 308, 893]. Casting further doubt on the role of meatonin is the finding that 
mutations in the gene coding for human melatonin receptor are not associated with 
scoliosis [543, 564, 714].
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Connective Tissue Abnormalities
A number of investigations have identified abnormalities in the connective tissue 
associated with the spine in patients with scoliosis [134, 463, 464, 878]. Differences 
in collagen have been found between normal individuals and those with AIS; how-
ever, this finding is not universal [819]. In histologic studies of the ligamentum fla-
vum in scoliotic patients, the elastic fiber system was found to have disarranged 
fibers, a marked decrease in fiber density, and a non-uniform distribution of fibers 
throughout the ligament [282]. The paravertebral musculature in patients with sco-
liosis may exhibit abnormalities in the muscle spindle [461], in individual muscle 
fiber morphology [319, 665, 898], in histochemistry [580, 738], and on electromy-
ography [21, 641]. Abnormal platelet structure and function have been reported in 
patients with scoliosis [228, 384, 440, 463, 550, 611, 664]. Platelet calmodulin lev-
els in adolescents with progressive scoliosis are significantly higher than those in 
normal individuals, in patients with stable curves, and in those whose progressive 
curves were stabilized by bracing or spinal fusion [7, 384, 463]. Reduction in the 
serum levels of Vitamin D3 and calcitonin has been found in AIS females when 
compared to normal females [270].

Genetic Factors
Several extensive clinical studies of affected families conducted in the 1960s and 
1970s revealed a high prevalence of familial scoliosis (6.9–11.1% of first-degree 
relatives) [153, 650, 876]. More recent literature has shown evidence of a strong 
genetic tendency in some families of patients with AIS [52, 53, 125, 353, 373, 523, 
524, 668, 832]. In a meta-analysis of scoliosis in twins, monozygous twins had a 
significantly higher rate of concordance than did dizygous twins, and the curves in 
monozygous twins developed and progressed together [373].

Studies are now under way to identify the genes that cause scoliosis and its pro-
gression [248, 278, 707, 870]. Significant evidence has recently been found for 
association of the LBX1 locus with AIS [418]. The LBX1 protein is involved in 
proper migration of muscle precursor cells, specification of cardiac neural crest 
cells, and neuronal determination in developing neural tubes. Findings have also 
been reported that involve chromosomes 3p26.3 single nucleotide polymorphism 
[707], 6 [523], 8 [52, 53], 9 [523], 10 [869], 16 [523], 17 [523, 668], 18q [278], and 
19 [125], as well as the X chromosome [353].

Clinical Features

Presenting Signs and Symptoms
Adolescents with scoliosis usually seek medical evaluation because someone has 
noticed an asymmetrical appearance to their back - often this is first appreciated 
during school screening programs for scoliosis or “well child checks” by the pri-
mary care provider. Though uncommon, back pain is present in individuals with 
idiopathic scoliosis more often than was previously thought. Nearly one-third of 
adolescents with idiopathic scoliosis complain of back discomfort at some [632, 
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791, 795, 871]. Interestingly, this is similar to the incidence of back pain reported in 
population based studies of adolescents [343, 388].

When an adolescent with presumed idiopathic scoliosis has back pain, a careful 
history should be obtained, a thorough physical examination performed, and plain 
radiographs ordered. If the pain does not limit activities and the neurologic exam is 
normal, a diagnosis of idiopathic scoliosis can be made, the scoliosis can be treated 
appropriately, and nonsurgical treatment of the back pain can be initiated.

Physical Examination
Physical examination of an adolescent with idiopathic scoliosis should be per-
formed with the patient dressed in undergarments and an examination gown open at 
the back. The patient’s entire back, including the shoulders and iliac crests, and 
lower extremities including feet must be visible. The skin is inspected closely for 
abnormalities such as midline discolorations, hair tufts, and dimpling in the lumbo-
sacral region as these findings may be associated with the presence of an underlying 
spinal cord abnormality.

With the patient standing, the examiner determines whether the iliac crests are 
level. If they are not, a lower limb length discrepancy is likely, which can be quanti-
fied by placing measured blocks under the short extremity until the iliac crests are 
level. Leg length discrepancy can be responsible for the appearance of scoliosis. 
The back is then examined for asymmetry of the shoulders and flank creases, 
unequal scapular prominence, prominent iliac crest. Although these findings are 
consistent with scoliosis, the best clinical test for evaluating spinal curvature is the 
Adams forward-bending test [10, 100, 152]. As described above, the Adams for-
ward bending test will reveal the degree and direction of vertebral rotation (see 
Figs. 28.3 and 28.4) [97]. It is prudent to remember that obesity will mask the ver-
tebral rotation; thus, as the patient’s weight increases the threshold to assess radio-
graphically should decrease [487].

Frequently, if the patient is inspected from the front, asymmetry of the pectoral 
regions, breasts, or rib cage may be evident. Although these asymmetries are prob-
ably related to the spinal curvature, they may also occur in individuals without sco-
liosis. Occasionally, breast asymmetry is the primary concern of the patient and 
parents [637]. Families should be informed that correcting the scoliosis may have 
little, if any, influence on this asymmetry [485].

Spinal balance should be assessed in the coronal (frontal) and sagittal planes. 
Although patients with AIS may have a coronal shift in the trunk (rib cage) – most 
commonly to the right in a single thoracic curve - the head will almost always be 
centered over the pelvis (Fig. 28.3). Similarly, although AIS in the thoracic spine is 
hypo-kyphotic; patients will be compensated in global sagittal balance. If a patient 
has significant coronal or sagittal imbalance there should be a high degree of suspi-
cion for a non-idiopathic etiology of the scoliosis.

A thorough neurologic assessment is mandatory in every patient with scoliosis. 
Range of motion and strength should be assessed in all four extremities. The hands 
and feet should be examined for abnormal posture and for evidence of abnormal 
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Fig. 28.5 Abdominal 
reflexes are assessed by the 
abdomen

sensation (excessive callus formation or nail bed irregularities). The patellar and 
Achilles tendon reflexes should also be tested, with the expectation that they will be 
symmetric [331, 888]. Finally, examination of the superficial abdominal reflexes 
should be performed. The abdominal reflex examination is performed with the 
patient supine on an examination table and the arms relaxed along the side of the 
body. An area approximately 10 cm above and below the umbilicus and to each 
anterior axillary line is exposed. With the patient relaxed, the bluntly pointed handle 
of a reflex hammer is used to lightly stroke the skin in each quadrant over a distance 
of 10 cm (Fig. 28.5).

The stroke starts lateral to the umbilicus near the anterior axillary line and is 
directed diagonally toward the umbilicus in each quadrant. The umbilicus is 
observed for deviation toward the side on which the test is performed. If these 
reflexes are consistently present on one side and absent on the other side, further 
evaluation is warranted because this finding may be the only clinical evidence of 
underlying pathology of the neural axis, such as syringomyelia.

Patient Maturity
Maturity can be assessed during the physical examination according to the Tanner 
system [782], which assesses breast and pubic hair development in girls and genital 
and pubic hair development in boys. Although the Tanner system may provide an 
indication of the patient’s physical maturity, more commonly, the clinical emphasis 
is placed on the patient’s menarchal status, increase in height over time (Peak Height 
Velocity or PHV) and on assessment of skeletal indicators of maturity (e.g., open or 
closed tri-radiate cartilage, Risser and Sanders sign and Proximal Humeral 
Ossification System or PHOS).

Radiographic Findings

Plain Radiography
With today’s use of computed radiography and picture archive and communication 
systems (PACS), the initial examination of the spine should include full-length 
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posteroanterior (PA) and lateral radiographs on imaging plates inside 36 × 14-inch 
cassettes. With this, nearly all the important radiographic features can be assessed 
on a single image. On the PA projection, such features include the curve pattern in 
its entirety, the presence of any congenitally abnormal vertebrae, the overall balance 
of the spine and trunk, skeletal maturity (as determined by the tri-radiate cartilage, 
Risser sign or PHOS), and the presence of a lower limb length discrepancy (pelvic 
tilt). The lateral image is useful initially to evaluate the global sagittal contour of the 
thoracic and lumbar spine, determine the presence and severity of thoracic hypoky-
phosis, and screen for spondylolysis and spondylolisthesis.

A newer imaging technique, the EOS 2D/3D imaging system (EOS Imaging, 
Paris), has been used with increasing frequency over the past 10 years. The advan-
tages of this system are the significant reduction in radiation dose (50–80% less than 
conventional x-rays), the ability to obtain simultaneous anteroposterior and lateral 
2D images of the whole body, and the ability to perform 3D reconstructions. 
Although the “microdose” images have slightly less clarity qualitatively, the reli-
ability of curve measurements are comparable to standard radiologic techniques 
[261, 323, 327, 502, 514, 570].

Measurement of Curve Magnitude
The Cobb method is considered the standard for measuring curve size [38] 
(Fig.  28.1). Although the Cobb method has good overall reliability [399], some 
variation among different observers’ measurements is always present. Such vari-
ability averages 7.2° if the end vertebrae are not preselected but improves to 6.3° 
when they are preselected [546]. Another aspect of the accuracy of the Cobb method 
is that to achieve 95% statistical confidence that a true change in curve size has 
occurred, a measurement difference of 10° between radiographs taken at different 
times would be needed [118]. The intra- and inter-rater variability in Cobb angle 
measurements is of substantial clinical significance as the decision to initiate brace 
treatment is often made on documented progression in skeletally immature patients. 
Additionally, most of the literature uses a criteria of a 5–6° increase in curve size to 
determine the success or failure of brace treatment.

Measurement of Vertebral Rotation
Today, the EOS 2D/3D imaging system can reliably measure apical vertebral rota-
tion preoperatively and postoperatively [885]. This requires reconstruction of the 
spine into a 3D image. Historically, the Perdriolle method and the Nash-Moe 
method were the two most common means of assessing vertebral rotation on plain 
frontal radiographic films. Neither of these two methods are commonly used today 
as most PACs systems do not include software that allows these measurements [370, 
559, 591, 612, 644].

Diagnosis of Exclusion
Patients with a syringomyelia or syrinx frequently present without symptoms and 
with scoliosis as the only physical finding (Fig. 28.6).
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Fig. 28.6 Sagittal MRI 
showing holocord cervical 
syrinx

Thus, it is important to have a high degree of suspicion to identify these patients. 
Most commonly, the convexity of thoracic curves in AIS is directed to the right. Left 
thoracic curves are more common in those with an underlying syrinx [129, 178, 
216, 579, 595, 632, 693, 799]. Sagittal plane deformity in an individual with appar-
ent idiopathic scoliosis may also be an indicator of syringomyelia [595, 628, 646]. 
If hypokyphosis is absent, a diagnosis of idiopathic scoliosis should be made only 
after a syrinx has been ruled out. As previously noted, asymmetrical abdominal 
reflexes are also associate with syringomyelia.

Magnetic Resonance Imaging
MRI is a valuable tool in the assessment of scoliosis as it can identify soft tissue 
abnormalities within the neural axis. Syringomyelia, Chiari malformations, abnor-
malities in the brainstem, spinal cord tumors, spinal cord tethering, diastematomy-
elia, and intervertebral disc herniation have all been identified in individuals 
previously thought to have idiopathic scoliosis [178, 257, 321, 331, 420, 436, 598, 
646, 693, 710, 860]. MRI is usually reserved for patients with an atypical manifesta-
tion of scoliosis [185, 542]. Although atypical manifestations have never been spe-
cifically defined, they generally include patients with abnormal neurologic findings 
such as weakness, hyper-reflexia, progressive foot deformities or asymmetric 
abdominal reflexes; patients with left thoracic curves or excessive thoracic kyphosis 
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or unusually rapid curve progression. Routine preoperative MRI is not indicated for 
typical AIS if findings on the neurologic examination are normal [178, 582, 
710, 860].

Treatment
There are three widely scientifically accepted treatments for AIS: observation, brac-
ing and surgery. Scoliosis specific exercises are another treatment undergoing inten-
sive investigation. The magnitude and location of the curve and the remaining 
growth of the patient are the primary considerations in determining treatment (see 
Table 28.2). Immature patients with small curves that may not progress [19, 457] 
and mature patients with curves below the threshold for progression (45–50° 
depending on curve location) are observed. Bracing has been shown to be effective 
in limiting curve progression (but does not make the curve smaller) in patients who 
have not achieved skeletal maturity and have curves between 25° and 45° [659]. In 
most cases, growing adolescents with curves exceeding 45–50° require operative 
stabilization because non-operative forms of treatment are ineffective in controlling 
or correcting the scoliosis. Skeletally mature individuals with curves exceeding 
50–55° are also at risk for continued curve progression and should be considered for 
surgical treatment [847]. Possible exceptions include patients with well-balanced 
double curves less than 60 who are not bothered by their clinical appearance.

Observation
In general, regardless of the patient’s maturity, no treatment is needed for curves 
less than 20°. The frequency of follow-up examination is dependent on the patient’s 
remaining growth and the magnitude of the curve. During adolescent growth, if 
curves progress, they do so at an average of a degree a month; given this fact and the 
5–7° measurement variability in Cobb angles, observation during growth is most 
commonly done at six-month intervals. Patients with 15–25° curves who are just 
entering peak growth velocity (TRC open, Sanders 1–2, PHO 1–2) may be seen at 
4 month intervals to facilitate timely brace initiation should their curves progress. 
Patients who are near or at the end of growth (Risser 4–5, Sanders 6–8, PHO 4–5) 
may be seen yearly. After skeletal maturity patients need to be seen very infre-
quently (2–10 years).

Orthotic (Brace) Treatment
In 1946 the Milwaukee brace was developed to replace postoperative plaster cast 
immobilization that was used during that era. Later, use of the brace was expanded 
as a method of nonoperative scoliosis treatment with the thought that the passive, 
active, and distraction forces exerted by this brace might be beneficial in preventing 
curve progression. In the 1960s, thermoplastics were introduced into orthosis manu-
facturing, which led to the thoracolumbosacral orthoses (TLSOs) used today. In 
recent years, computer-assisted design and computer-assisted manufacturing (CAD/
CAM) have been used to fashion spinal orthoses, and the superiority of this tech-
nique compared to previous plaster-cast designs has been shown [144, 159, 
205, 638].
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Evidence Supporting Bracing Effectiveness
Historical studies were inconclusive regarding brace effectiveness, largely because 
of the inability to measure brace wear compliance and the inclusion of patients who 
were relatively skeletally mature and at low risk for progression [41, 75, 363, 364, 
528, 563, 607, 846]. With the introduction of temperature sensors, that measure 
brace wear compliance, a number of studies have shown braces effective in limiting 
curve progression in growing patients. The most prominent of these studies by 
Weinstein [846], Katz [365], and Karol [363] objectively quantified compliance 
(hours in brace) through the use of a heat sensor in the orthosis. In Weinstein’s 
BrAIST study of a randomized cohort and a preference cohort, bracing significantly 
decreased the progression of high-risk curves to the threshold for surgery and the 
benefit increased with longer hours of brace wear. In Katz’ study, the total number 
of hours of brace wear inversely correlated with curve progression. This effect was 
most significant in patients who were at Risser stage 0 or 1 at the beginning of treat-
ment. Curves did not progress in 82% of patients who wore the brace more than 
12 hours/day, as opposed to only 31% of those who wore the brace less than 7 hours/
day. However, in Karol’s study, patients at Risser stage 0 are at risk for surgery 
despite brace wear. In these patients, 12.9 hours of daily wear (the number of hours 
linked with a successful outcome in Weinstein’s BRAIST study) did not prevent 
surgery. Patients with open triradiate cartilage were at highest risk, especially those 
with curves of ≥30°.

Indications for Brace Treatment
Brace treatment is indicated in children to prevent curve progression during further 
skeletal growth. In general, bracing is indicated in growing adolescents (Risser 0–2, 
Sanders 1–5, PHO 1–4) who on initial evaluation have curves in the range of 25–45°. 
The concept for early bracing (curves 15–25° with concurrent clinical deformity 
and documented progression) in the immature patient (TRC open, Sanders 1–2, 
PHO 1–2) is gaining increased acceptance as evidence is emerging that predictable 
progression toward surgery can occur in immature patients with curves ≥30° at the 
time of brace initiation [363]. Patients should consider their existing deformities 
cosmetically acceptable and must be willing to wear the brace the prescribed amount 
of time.

Brace Treatment Protocols
Current braces are designed to be worn full time (16–20 hours/day; these include 
Boston, Custom TLSO or Chenau braces) or night time (8 hours/day: Providence or 
Charleston brace). The dynamic flexible Spine-Cor brace has shown failure rates 
significantly higher than that of a rigid spinal orthosis that have limited its wide-
spread use [279, 873]. The Charleston “night time bending brace” was designed to 
achieve more correction of the scoliosis in hopes that this would allow it to be as 
effective as a full time brace – when only worn 8 hours at night. Multiple studies 
have shown that it is effective in treating thoracolumbar or lumbar curves <35° [75, 
159, 219, 341, 366, 623, 624]. Recently, the Chenau brace has been introduced in an 
attempt to brace the scoliosis in three dimensions rather than classic Boston/TLSO/
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night time bending braces which have only addressed the coronal plane [23, 166, 
215, 394, 648].

There is a growing body of evidence that the amount of prescribed brace wear 
should correlate with the patient’s growth potential. Karol has recommended that 
Risser stage-0 patients should be prescribed a minimum of 18 hours of brace wear 
per day [296, 363]. Her work also demonstrated that providing patients undergoing 
bracing for AIS with feedback about their compliance with brace wear improves 
that compliance [364]. Table 28.3 summarizes the current consensus guidelines at 
our institution regarding observation or brace and type of brace.

After a brace has been prescribed and delivered the patient returns after a month 
of brace wear for an in-brace radiograph. In brace correction for full time TLSO 
braces should be 30–50% and 80–100% for night-time bending braces. Patients 
then return at six-month intervals with coronal radiographs out of the brace to moni-
tor potential curve progression/brace effectiveness.

With female patients, when a brace has been successful in controlling curve pro-
gression, the braced is discontinued when no further increase in height has occurred; 
this usually corresponds to 18–24  months post-menses; Risser 4, Sanders 7 and 
PHO 5. In male patients, the spine continues to grow to Risser 4–5 [362]. Therefore, 
in boys, bracing may need to be continued until Risser 5, Sanders 7 and PHO 5 is 
achieved. Frequently, this does not occur until the later teenage years, which makes 
compliance with brace wear a challenge.

Physical Therapy and Biofeedback
Consistent asymmetry in torso rotation strength has been documented in patients 
with AIS [540]. Although muscle conditioning is beneficial to a patient’s overall 
well-being, only modest evidence supports the concept that physical therapy pro-
grams are helpful in controlling or improving scoliosis. In Europe, the use of physi-
cal therapy exercises and biofeedback to enhance the effectiveness of bracing 
(Schroth technique and others) is common [65, 561, 562, 728, 892], and has been 
reported beneficial in several North American centers [688, 895].

Electrical Stimulation
Electrical stimulation was used as an alternative to bracing in the early 1980s. 
Surface muscle stimulators were placed over the muscles on the convex side of the 
scoliotic curve and were activated for approximately 8–10  hours each night. In 
Canada, electrode stimulators were actually implanted in the paraspinal muscles. 
Although some preliminary success was reported with transcutaneous stimulation 
[26], most studies found that this form of treatment did nothing to favorably alter the 
natural history of scoliosis [63, 199, 556, 585]. Today, electrical stimulation is no 
longer considered a useful method in the management of idiopathic scoliosis.

Surgical Treatment
The primary surgical treatment for AIS is spinal fusion. Today this is done most 
commonly through a posterior approach using pedicle screw instrumentation and 
allograft bone [381, 424]. In 2019 the FDA approved a flexible tethering device that 
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can be used to surgically treat scoliosis without fusion. It is placed into the vertebral 
bodies anteriorly  – often via a thoracoscopic approach. Historically, the goal of 
spinal fusion was to halt progression of the curve; however, modern surgical tech-
niques provide powerful means to correct the deformity, thus patients today can 
expect a spine that is well balanced in both the coronal and sagittal plane and signifi-
cant radiographic and clinical improvement in their deformity.

Indications for Surgery
The primary indication for surgical treatment is curve magnitude. Thoracic curves 
and double major curves that exceed 50° and thoracolumbar/lumbar curves that 
exceed 45° at skeletal maturity have a significant probability of worsening over time 
and warrant operative intervention [847]. Because of the variability in Cobb angle 
measurements, there is some “gray area” in curves between 40° and 60°. Particularly 
in these patients, the clinical appearance (as perceived by the patient, the family, and 
the surgeon) plays a role in surgical decision making.

Pain is usually not an indication for surgery in AIS. As previously discussed, 
approximately 30% of patients with AIS have non-activity limiting back pain. 
Interestingly, recent studies suggest that many patients with pain may improvement 
with surgical treatment [184, 262].

Preoperative Planning
Preoperative planning involves careful clinical and radiographic assessment to 
determine which curves and levels to include. The clinical exam should assess for 
shoulder height differences, waistline asymmetry and trunk balance with the patient 
standing. The Adam’s forward bend test demonstrates axial plane deformity in the 
thoracic and lumbar spine (Figs. 28.3 and 28.4).

Curves in males appear to be more rigid than those in females with AIS [303, 
760]. When planning surgery in males, less curve correction and greater blood loss 
should be expected. Although short- and long-term functional outcomes are similar 
to those in females [408], complication rates are higher [168].

Curve Flexibility
Determination of preoperative curve flexibility is an integral part of the pre- operative 
assessment and necessary to use the Lenke classification – the most widely accepted 
system for classifying operative AIS. Curve flexibility can be assessed using includ-
ing supine best-effort side-bending radiographs; the fulcrum bend test; a supine 
resting radiograph or traction radiographs. A recent literature review suggests that 
the supine best-effort bend radiograph can be used for both thoracic and lumbar 
curves while the traction view is best for larger curves and the fulcrum bend is best 
for thoracic curves (and) and not lumbar curves [362]. We routinely use supine best- 
bend radiographs.

Lenke Classification System
Lenke and co-workers developed a new classification system for AIS in 1997 
designed to encourage three-dimensional analysis of scoliosis, help determine 
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which curves should be fused and to achieve greater intraobserver and interobserver 
reliability [427]. The Lenke classification system is dependent on curve measure-
ments in both the frontal and sagittal planes [427, 428]. The three main variables 
requiring evaluation are curve type (Table 28.4), lumbar spine modifier, and tho-
racic sagittal modifier.

Although this system has good inter and intraobserver reliability [427, 428], 
there different surgeons still have significant variations in fusion levels [118, 546]. 

Table 28.4 Lenke classification system

Curve 
type Description

Characteristic curve patterns

Structural region
Proximal 
thoracic Main thoracic

Thoracolumbar 
or lumbar

1 Main thoracic Nonstructural Structural 
(major)
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: 
+20° between 
T10 and L2

Nonstructural Main thoracic

2 Double thoracic Structural
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: 
+20° between 
T2 and T5

Structural 
(major)
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: 
+20° between 
T10 and L2

Nonstructural Proximal 
thoracic, main 
thoracic

3 Double major Nonstructural Structural 
(major)
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: 
+20° between 
T10 and L2

Structural
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: +20° 
between T10 
and L2

Main thoracic, 
thoracolumbar, 
or lumbar

4 Triple major Structural
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: 
+20° between 
T2 and T5

Structural 
(major)
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: 
+20° between 
T10 and L2

Structural 
(major)
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: +20° 
between T10 
and L2

Proximal 
thoracic, main 
thoracic, 
thoracolumbar, 
or lumbar

(continued)
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Table 28.4 (continued)

Curve 
type Description

Characteristic curve patterns

Structural region
Proximal 
thoracic Main thoracic

Thoracolumbar 
or lumbar

5 Thoracolumbar 
or lumbar

Nonstructural Nonstructural Structural 
(major)
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: +20° 
between T10 
and L2

Thoracolumbar 
or lumbar

6 Thoracolumbar 
or lumbar, main 
thoracic

Nonstructural Structural
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: 
+20° between 
T10 and L2

Structural 
(major)
Cobb angle: 
≥25° on 
side-bending 
radiographs
Kyphosis: +20° 
between T10 
and L2

Thoracolumbar 
or lumbar, main 
thoracic

From Tachdijain’s Pediatric Orthopaedics 6th Edition

Despite this limitation, the Lenke classification system offers a more comprehen-
sive preoperative radiographic classification of patients with AIS than was available 
with previous systems and appears to correlate with surgical treatment of structural 
regions of the spine [59, 426, 431].

The first parameter to identify in the Lenke classification system is curve type 
which is determined by identifying the largest curve. The other curves are then 
deemed structural by magnitudes that are greater than 25° on the supine best-bend 
radiograph or if junctional kyphosis (measured between T2 and T5 for the proximal 
and main thoracic curves and between T10 and L2 for the main thoracic and thora-
columbar/lumbar curves) is greater than 20°. The second variable, the lumbar spine 
modifier, is determined by drawing the center sacral vertical line (CSVL-vertical 
line constructed upward from the center of the sacrum) and assessing the concave 
pedicle of the apical lumbar vertebra relative to the CSVL. The final variable, the 
thoracic sagittal modifier (T5-12), is then assessed to define the sagittal plane defor-
mity. The sagittal modifier is hypokyphotic (<10°), normal (10–40°), or hyperky-
photic (>40°).

Fusion Levels
Although the Lenke classification provides a framework to discuss and compare 
different AIS curves, choosing fusion levels for AIS remains a nuanced skill. In 
addition to the radiographic parameters identified in the Lenke system, the determi-
nation of fusion levels must also take into consideration the clinical appearance, 
skeletal maturity the patient and the expectations of the family [46, 517].
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Lenke type 1A and 1B curves are single thoracic structural curves with nonstruc-
tural lumbar curves that do not cross the midline (CSVL). Clinically, trunk imbal-
ance is more pronounced to the right in these patients than in those with double-curve 
patterns. For posterior constructs the upper instrumented vertebra (UIV) is gener-
ally the upper end vertebrae (UEV) or one proximal to this when the UEV translated 
off the midline. The selection of the lower instrumented vertebrae (LIV) is more 
varied, but most commonly is the last vertebra substantially touched by the CSVL 
as one travels from distal to proximal (LSTV).

Further subdivisions of the 1A pattern based on the tilt of L4 provides some 
guidance as to extend the fusion more distal. In the 1A “R”, where L4 is tilted to the 
right and the stable vertebra is more distal (usually L3 or L4) fusion is often neces-
sary to L2 while the 1A “L” curve have L4 tilted to the left, with a stable vertebra at 
the thoracolumbar junction, and the LIV is usually T12 [532]. This 1A-R curve 
essentially describes the “King 4” curve which is a thoracic curve with the L4 ver-
tebra tilted into the curve and fusion more distal is appropriate [385].

Patients with Lenke type 1C curves have single thoracic structural curves with 
nonstructural lumbar curves with the apical lumbar vertebra completely crossing 
the midline. This curve pattern has generated controversy whether to perform fusion 
of only the thoracic curve (selective thoracic fusion, STF) or to include the lumbar 
curve in the fusion. Proponents of STF note the thoracic curve is the only structurall 
curve and saving motion segments provides greater lumbar flexibility which bene-
fits the long-term health of the spine. Supporting this argument, Enercan et al. com-
pared STF patients to an age-matched normal group and demonstrated overall 
excellent results in the STF group with only mild degeneration of the disc levels 
[207]. The primary concerns with performing a selective fusion has been whether 
the patient remains balanced over time and avoiding decompensation [429, 643]. 
These concerns are manifested in the differences with which surgeons approach 
these curves; only 49% of surgeons from one multicenter study chose a STF. The 
factors which correlated with performing the STF were smaller lumbar curves with 
less clinical deformity, larger ratio of thoracic to lumbar Cobb angles and patients 
who were less concerned about their clinical appearance. Twenty year follow up of 
STF patients demonstrates a stable lumbar curve magnitude and maintenance of the 
L4 with similar SRS outcome scores compared to long fusion into the lumbar spine 
for similar curves [412]. In general, we prefer to perform a selective thoracic fusion 
wherever possible as we think preserved motion segments in a well-balanced spine 
is superior in the long-term to longer fusion with fewer lumbar motion segments 
(Fig. 28.7).

Patients with Lenke type 2 curves have double thoracic structural curves with 
nonstructural lumbar curves. The first thoracic vertebra is tilted into the upper curve, 
with junctional kyphosis between the proximal and main thoracic curves. The 
patient’s shoulder on the side of the convexity of the upper curve (most commonly 
the left) is nearly always elevated unless the main thoracic curve is so large thus 
compensating for the shoulder elevation produced by the structural proximal tho-
racic (PT) curve. Inclusion of the PT curve with fusion to T2 should be strongly 
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Fig. 28.7 Pre- and post-operative AP radiographs of a patient treated with an instrumented selec-
tive thoracic posterior fusion

considered when the T1 is tilted into the upper curve and the shoulder is elevated on 
the convex side of the upper curve [398, 419, 430, 856, 857]. Although left shoulder 
elevation on the clinical examination is an indication for inclusion of the PT curve, 
level shoulders or even a slightly elevated right shoulder may require fusion of the 
PT curve when the main thoracic (MT) curve is >75° and the intended correction of 
this curve is significant. The correction of this MT curve will push the left shoulder 
up unless the instrumentation includes fusion to T2.

Lenke type 3 curves represent double major structural curve patterns in which 
both the thoracic and lumbar components require instrumentation. The choice of 
LIV first depends on the distal end vertebra of the lumbar curve with the most com-
mon controversy being whether to stop at L3 or L4. This decision should be made 
with careful consideration of the distal end vertebra, the magnitude of the lumbar 
cure and the location of the apixal vertebra. Curve characteristics that allow stop-
ping short of the end vertebra include thoracolumbar or lumbar curves smaller than 
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55°, flexible curves, and apex of the thoracolumbar or lumbar curves that is two or 
more levels proximal to the intended LIV. Selective fusion of 3C curves is possible 
in very few situations and risks significant coronal imbalance greater than 2  cm 
(56% vs 10%) as demonstrated recently by Singla et al. who reviewed 74 patients 
with Lenke 3C curves comparing those who had a STF and those who did not [719]. 
Useful guidelines have been developed to help differentiate these curve patterns 
using relative ratios between the thoracic and lumbar curves with regard to their 
size, rotation, and deviation from midline can be assessed preoperatively on a stand-
ing radiograph [429]. If thoracic curve Cobb:lumbar curve Cobb ratio is less than 
1.0, both curves will require fusion. If the ratio is greater than 1.2 selective thoracic 
fusion can be performed safely. When determining whether to perform a STF or 
include the lumbar curve in the fusion, a careful assessment of the clinical appear-
ance of the patient is necessary to identify structural lumbar rotational deformities 
and to understand the patient’s perception of their deformity especially as it relates 
to the lumbar curve and whether this is acceptable as this deformity will remain fol-
lowing a STF (Fig. 28.7).

Lenke Type 4 curves are triple major curve patterns in which both thoracic 
curves, in addition to the lumbar curve, are structural. All three curves require pos-
terior instrumentation.

In Lenke type 5 curves, only the thoracolumbar or lumbar curve is structural. In 
the past, the anterior approach was the most common method to treat the curves 
with excellent three-dimensional correction [255, 370, 834, 836]. Today, the poste-
rior approach with pedicle screw fixation is the most common method to treat these 
patients. Several studies many have compared the two methods with equivocal 
results [2, 190, 194, 256, 530, 584]. The choice between the two approaches often 
comes down to the site of the surgical incision as well as the risk profile of each 
approach. Operative time, blood loss and length or stay are less with a posterior 
approach. The anterior approach risks a higher pseudoarthrosis rate while having no 
/little risk for postoperative infection. The posterior approach has little risk of pseu-
doarthrosis but risks infection- both acute and delayed [312, 344, 358, 359, 812].

Lenke type 6 curves represent double curve patterns, with the primary thoraco-
lumbar or lumbar curve accompanied by a smaller but structural main thoracic 
curve. Generally, fusion of both curves is appropriate since both curves are struc-
tural. A selective lumbar fusion can be considered if the thoracic deformity is small. 
Sanders et al. found satisfactory results with selective fusion if the lumbar Cobb: 
thoracic Cobb ratio was 1.25 or greater [680, 690].

Transfusion Requirements
Significant research has focused on methods to limit allogeneic blood transfusion in 
patients undergoing surgery for AIS. Current strategies to limit blood loss/transfu-
sion include controlled hypotensive anesthesia (during exposure, with return to nor-
mal during correction of deformity to insure adequate spinal cord perfusion), 
tranexamic acid (TXA) and intraoperative salvage of lost blood [25, 147, 149, 220, 
229, 230, 253, 324, 351, 396, 470, 541, 553, 590, 615, 715, 717, 766, 814, 880].
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Bone Grafting
Spinal fusion is enhanced by meticulous “stripping of the spine”, appropriate face-
tectomies, careful decortication and adequate bone grafting. Although autogenous 
iliac crest bone grafting (ICBG) is the “historical standard” [141, 824] the postop-
erative pain and second incision/scar associated with these are not insignificant 
[274, 725]. Numerous studies of successful fusions using allograft bone as a substi-
tute for autogenous bone have been reported without an increase in pseudarthrosis 
rates [42, 72, 187, 211, 274, 409, 754, 790]. A recent multi-institution study of 461 
AIS patients undergoing posterior spinal fusion and instrumentation had no differ-
ences in complication rates including pseudoarthrosis whether autologous iliac 
crease bone graft, allograft or bone graft substitutes were used [409]. A meta- 
analysis which compiled 2389 patients from 12 studies compared autologous ICBG 
with allograft following AIS surgery. The fusion rates were the same between 
groups but the ICBG patients had greater operative time and blood loss with more 
postoperative pain [387]. These data suggest little need for autologous bone graft 
for AIS surgery. To minimize the risk of transmitting human immunodeficiency 
virus, hepatitis virus, and any other potential viral pathogens, the donor blood and 
tissue are tested at the site of recovery, and testing is usually continued throughout 
the harvesting process. Freeze-dried cancellous bone is usually exposed to low-dose 
gamma radiation to sterilize all nonsystemic bacterial and fungal contaminants.

Spinal Cord Monitoring
Spinal cord monitoring using both spinal somatosensory evoked potentials (SSEPs) 
and motor evoked potentials (MEPs) is the standard of care during scoliosis surgery 
and is critical to the safety of any spine deformity surgery. SSEPs record the sensory 
function of the spinal cord and provide continuous monitoring throughout the pro-
cedure [29, 130, 131, 133, 305, 468, 547, 581, 602]. This test may, however, be 
adversely affected by changes in anesthetic level and critical changes tend to lag 
behind MEPs. With impending neurologic deficit, MEPs are used to monitor the 
anterior spinal cord motor tracts and are ideally performed by applying a stimulus 
to the motor cortex of the brain (transcranial MEPs [tcMEPs]) and detecting a distal 
response in the muscles of the arms and legs [61, 263, 599, 692, 751, 779]. Total 
intravenous anesthesia (TIVA) with propofol is necessary to obtain good tcMEP data.

Critical neuromonitoring changes are a decline of 50% of SSEP data or a 60–80% 
decline in TcMEP data. The intra-op response to critical neuromonitoring changes 
should be planned in advance and a checklist is important to ensure all members of 
the surgical team are working together to ensure the patient awakens without perma-
nent neurologic deficit. A checklist was developed using a Delphi method with 
expert surgeon, neurologist and neurophysiologist participation [829] (Fig. 28.8).

The critical initial steps include ensuring there are no technical problems with 
the monitoring, raising the mean arterial pressure, ensuring normal body tempera-
ture, checking a hemoglobin/hematocrit [882]. Following this, the steps of the pro-
cedure should be reversed in the order each step was performed to include reducing 
the amount of surgical correction with removal of rod(s) and checking screw posi-
tion. Ultimately, the correct management may include waking the patient fully 
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Checklist for the response to intraoperative neuromonitoring
changes in patients with a stable spine

Gain control of room Anesthetic/systemic
Technical/

neurophysiologic Surgical

Ongoing considerations

Intraoperative pause:
stop case and announce
to the room

Eliminate extraneous
stimuli (e.g., music,
conversations)

Summon ATTENDING
anesthesiologist, SENIOR
neurologist or
neurophysiologist, and
EXPERIENCED nurse

Anticipate need for
intraoperative and/or
perioperative imaging if
not readily available

Optimize mean arterial
pressure (MAP)

Optimize hematocrit

Optimize blood pH and
pCO2

Seek normothermia

Discuss POTENTIAL
need for wake-up test with
ATTENDING
anesthesiologist

Discuss status of
anesthetic agents

Check extent of
neuromuscular blockade
and degree of paralysis 

Check electrodes and
connections

Determine pattern and
timing of signal changes

Check neck and limb
positioning; check limb
position on table
especially if unilateral loss

REVISIT anesthetic/systemic considerations and confirm that they are optimized

Wake-up test

Consultation with a colleague

Continue surgical procedure versus staging procedure

IV steroid protocol: Methylprednisolone 30 mg/kg in first hour, then 5.4 mg/kg/h for
next 23 hours

Discuss events and
actions just prior to signal
loss and consider
reversing actions:

Remove traction (if
applicable)

Decrease/remove
distraction or other
corrective forces

Remove rods

Remove screws
and probe for
breach

Evaluate for spinal cord
compression, examine
osteotomy and
laminotomy sites

Intraoperative and/or
perioperative imaging
(e.g., O-arm, fluoroscopy,
x-ray) to evaluate implant
placement

Fig. 28.8 Checklist for best practices in intraoperative neuromonitoring in spine. (From 
Tachdijain’s Pediatric Orthopaedics 6th Edition)

following closure of the wound to perform a complete and comprehensive neuro-
logic examination and returning to the operating room another day.

When MEPs are used in conjunction with SSEPs, the chance of unrecognized 
injury to the spinal cord is minimized A large multicenter study of 1121 patients 
demonstrated that 38 (3.4%) had a critical change on monitoring when tcMEPs and 
SSEPs were used. The tcMEP/SSEP combination did not miss any patient with a 
transient motor or sensory deficit [691]. We have recently completed a 20  year 
review of 1524 AIS patients who underwent multimodal spinal cord monitoring and 
demonstrated a critical alert in 2.1% of patients. There were two transient and no 
permanent neurologic deficit [763]. Similar studies have demonstrated excellent 
results with combined multimodal intraoperative neuromonitoring during AIS sur-
gery [221, 608, 798, 891].

The wake-up test, a gross evaluation of motor function, was first developed and 
used routinely prior to the development of spinal cord monitoring. The wake-up test 
can still be used today when critical changes in SSEPs or MEPs are noted during 
correction of the spine because spinal cord injury may exist even when monitored 
variables return to baseline [577]. For this test the anesthesiologist allows the patient 
to regain partial consciousness and motor function during the surgical proce-
dure [285].
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Technique for Posterior Spinal Fusion with Instrumentation
Regardless of the diagnosis, instrumented posterior spinal fusion can be broken into 
the following steps: exposure, facetectomies, anchor (screws, hooks, bands or wires) 
placement, spine mobilization (when indicated), deformity correction, decortica-
tion/bone grafting and closure. Meticulous detail to each step will facilitate efficient 
completion of the next step and, with selection of appropriate fusion levels and 
deformity correction, should result in a solid arthrodesis and a well-balanced spine 
in both planes.

The use of pedicle screws has dramatically changed the operative treatment of 
spine deformity providing and maintaining greater three dimensional correction 
[49, 288, 770]. Suk first reported the routine use of pedicle screws for scoliosis cor-
rection in the thoracic spine in 1995. They demonstrated improved coronal plane 
correction in the screw group (72%) compared to hooks (55%) and hybrid con-
structs (66%) [771]. The improved three dimensional correction achieved with ped-
icle screws has led to near universal adoption with improved radiographic correction 
compared with more traditional hook constructs [115, 381, 382, 398, 443, 620, 735, 
753, 772, 821].

Placement of pedicle screws can be performed with a variety of methods includ-
ing the free-hand technique [395, 583, 601, 603, 604, 816, 817, 900, 901] (use of 
anatomic landmarks together with fluoroscopy when needed), fluoroscopically- 
guided screw placement (use of fluoroscopy to visualize the exact trajectory of the 
screw) [297, 401, 769] or navigation systems [9, 124, 241, 280, 356, 403, 404, 480, 
600, 625, 636, 815, 890] (use of a preop or intraop computed tomography which is 
registered with a computer system to identify and watch the trajectory of the screws 
as they are placed).

Regardless of how they are placed, it is important to understand the anatomy of 
pedicles in the scoliotic spine. In general, the width of the thoracic pedicle is smaller 
in the proximal part of the thoracic spine, on the concavity of the upper and main 
thoracic curves, and with greater curve magnitude. The spinal cord is positioned 
adjacent to the concave pedicles with less than 1 mm of epidural space, compared 
to 3–5 mm on the convex side [442]. At the apex of a right thoracic scoliosis, the 
aorta is positioned more lateral and posterior to the vertebral body than in a normal, 
straight spine [442, 757]. The most challenging pedicles are the concave screws, in 
general, and especially those of the proximal thoracic curve [164]. Despite the chal-
lenges, pedicle screws are safe: “breech rates” have been reported between 1.5% 
and 15% with documented improvement with increasing surgeon experience and 
few neurologic complications [6, 57, 177, 398, 677, 769].

There is great variability between surgeons in “implant density” – the number of 
anchors/level fused. On the extreme end, some surgeons routinely place screws on 
each side of every level fused (implant density 2.0) – regardless of curve size/stiff-
ness. Other surgeons are more strategic in their use of screws/anchors. The appro-
priate implant density is not known. Some studies have shown improved coronal 
correction with high density constructs [143, 414] while others have failed to dem-
onstrate a difference between high and low density constructs [68, 171, 254, 268, 

K. Rathjen



575

415, 663]. Higher density constructs are more costly, one study reported a potential 
savings of 11–20 million dollars a year with low density constructs [413].

Spine Mobilization
Traditionally, a facetectomy referred to the removal of the inferior facet and is the 
standard technique to achieve fusion. The use of pedicle screws provides opportu-
nity for greater three-dimensional correction and has led to use of more aggressive 
spine mobilization procedures [27]. In increasing order of “spine mobilization” 
(and subsequently, increasing neurologic risk) these techniques include: complete 
facetectomies (including superior facet) and ligamentum release (Ponte or Smith- 
Petersen osteotomies), concave and/or convex rib resections, vertebral body de- 
cancellation with wedge resection of the vertebra, pedicle subtraction osteotomy, 
and finally, a vertebral column resection (VCR).

A Ponte-style osteotomy generally refers to complete removal of both the supe-
rior and inferior facet and ligamentum. It was originally described for the treatment 
of Scheuermann’s kyphosis, allowing shortening of the posterior column [618]. The 
Smith-Petersen osteotomy, typically refers to performance of these complete face-
tectomies in the setting of a fully or partially arthrodesed anterior column. The 
effectiveness of the Ponte osteotomy to allow posterior column shortening when 
treating hyper-kyphosis is unquestionable. However, there is significant controversy 
regarding their routine use in spinal fusion for AIS. In general, we do not routinely 
use Ponte osteotomies for a typical 45–65° thoracic AIS, rather we selectively per-
form these in patients with larger curves (>70°) especially when there is significant 
hypokyphosis and rotational deformity. We recently compared 34 AIS patients with 
curves averaging 70° who had Ponte osteotomies to a matched group without Ponte 
osteotomies. The osteotomy group had 10% (7°) more coronal plane correction but 
no difference in sagittal correction or SRS outcomes scores. The incidence of IONM 
changes was significantly higher in the Ponte group – a finding identified by others 
including Shah et al. who had an 8% incidence of IONM changes in AIS patients 
undergoing Ponte osteotomies [700].

The next level of posterior release is rib resections on the concave side of the 
spine to allow lateral and posterior translation of the spine. We do not generally 
perform these rib resections to improve curve flexibility because experience has 
shown limited appreciable correction and the risk for postoperative pulmonary 
issues is high.

The VCR procedure is the most aggressive technique for achieving correction of 
the spine because it removes one or more vertebral segments at the apex of the 
deformity, however it is rarely necessary in AIS treatment. It was initially described 
for severe spine deformity/trunk shift and was performed using an a combined ante-
rior/posterior approach. Bradford and Tribus reported 50% curve correction and 
80% translation correction in 24 patients [86]. Suk and co-workers were the first to 
describe the posterior-only approach with 62% correction in the coronal plane and 
45° of correction in the sagittal plane in 70 patients with severe deformity from 
kyphoscoliosis, post-infectious kyphosis, and adult scoliosis. Similar to previous 
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reports, the complication rate was relatively high, with 24 patients having complica-
tions, including 2 with postoperative spinal cord deficits who had neurologic defi-
cits preoperatively [767]. Riley, Lenke et al. recently reported a large series of both 
adult and pediatric patients who had minimum 5 year follow-up after a VCR [649]. 
The pediatric patient population consisted of 31 patients who achieved a 61.6% 
coronal correction, with 16.1% of patients having a proximal junctional kyphosis, 
and 9% incidence of neurologic deficit. However, patients reported excellent 
improvement in self-image and satisfaction. We perform VCR in individuals with 
very severe deformity—angular scoliosis or kyphosis—especially when previous 
fusion has been performed. This procedure should be performed only by skilled and 
experienced surgeons who have worked their way up the learning curve by perform-
ing less arduous spine mobilization procedures. A multicenter study of 147 pediat-
ric VCR procedures performed by senior surgeons reported complications in 59% 
of patients, including 27% who had an intraoperative neurologic event without 
paraplegia [432].

Techniques for Deformity Correction
Historically, Harrington achieved coronal plane correction with distraction. This 
had the unfortunate consequence of creating abnormalities in the sagittal plane. 
Cotrel and Dubousset introduced the concept of a 90° concave rod rotation maneu-
ver in an attempt to improve the three-dimensional deformity. The rod was shaped 
to the coronal plane deformity, and for the typical right thoracic curve, the left rod 
was rotated counterclockwise so that the scoliotic bend in the rod became the 
kyphotic bend in the rod to maintain or restore kyphosis. Today, with modern 
implants (including stiff rods), a better understanding of deformity and improved 
ability to monitor the spinal cord, better correction in all three planes is safely 
achieved – even in large AIS deformities.

The most common method of deformity correction today is to use the anchors 
(typically screws, occasionally wires or bands) to translate the apex of the spine 
posteriorly and laterally to an over-contoured stiff rod. A stiff cobalt-chrome 6.0- 
mm diameter rod is preferred in general by the authors, especially for severely 
hypo-kyphotic spines. The left rod is seated and fixed in the most distal screw the 
proximal set screw is left loose in more rigid curves to allow for some lengthening 
of the spine. The reducing devices on the concave side are then used to bring the left 
apex up to the rod to improve the coronal, sagittal and axial planes of the deformity. 
The stiff rod should allow nice correction and may need to be partially derotated due 
to the forces acting on the spine during the translation correction. During this trans-
lational correction the bone-screw interface should be visualized to ensure signifi-
cant screw pullout does not occur and it should be recognized that the rod will 
flatten out to a certain extent depending on the stiffness of the deformity and the 
desired amount of correction.

Following initial placement of the left rod, in situ coronal bending can be per-
formed as well as distraction to improve the main thoracic curve and compression 
to pull the left shoulder distal for proximal thoracic curves. Further direct vertebral 
rotation at the apex can be performed by attaching instruments to de-rotate either 

K. Rathjen



577

segmentally, with each screw head being manipulated individually to correct the 
axial plane or en-block after linking the screws together [18, 421, 534, 767]. The 
convex (usually right) rod is then placed. It is often less stiff and under-contoured. 
to push down on the apex of the spine [533].

Postoperative Pain Management
The post-operative pain management of patients undergoing PSF for AIS has 
recently changed significantly. Historically, epidural analgesia and patient- 
controlled analgesia (PCA)were frequently used for the first 24–48  hours post- 
operatively [31, 204, 374, 466, 484, 709, 758]. More recently, a number of other 
non-narcotic medications have been utilized; including: continuous intravenous 
dose of Precedex® (dexmedetomidine), Toradol (ketorolac trimethromene), an 
injectable nonsteroidal anti-inflammatory drug, is effective for the short-term man-
agement of moderate to severe postoperative pain and does not affect spinal arthrod-
esis [762, 826], gabapentin, clonidine, intravenous acetaminophen and long acting 
local anesthetics such as bupivacaine liposome [138, 495]. A number of recent stud-
ies have shown that with aggressive use of non-narcotic pain meds and standardized 
pathways length of stay can be reduced to 2–3 days [224, 225, 679].

Complications of Posterior Instrumentation and Fusion in AIS
The primary complications associated with posterior surgery and instrumentation 
include infection, implant-related problems such as discomfort or prominence, and 
implant failure associated with pseudarthrosis; Although most feared, neurologic 
deficit is also the least common. The overall incidence of reoperation within 10 
years after posterior instrumentation and fusion between 5% and 10% [37, 51, 119, 
231, 467, 519, 634].

Infection may be acute (<90 days) or delayed (usually greater than 12 months). 
Acute infection rates are generally less than 2%, with the primary risk factor being 
obesity (BMI >95%) [489]. Delayed infections have been reported between 1% and 
10%. Although it has been hypothesized that delayed infection is related to micro-
motion at the hook or screw and rod interface, it is more likely that delayed infec-
tions result from low-virulence organisms that are seeded at the time of surgery and 
remain quiescent over an extended period [142, 158, 197, 642, 645, 823, 851]. 
Delayed infection seems to have decreased with the decreased use of ¼ inch stain-
less steel implants [519].

The incidence of pseudarthrosis is very low reported recently as 1.4% in a meta- 
analysis when modern double-rod systems, segmental instrumentation, and the use 
of allograft bone were used [316].

The most feared complication in spine deformity surgery is neurologic deficit, 
whose incidence has remained steady through the years and is still below 1% for 
AIS surgery [103, 145, 472, 639]. Intraoperative spinal cord monitoring (IONM) 
with the use of somatosensory evoked potentials (SSEP) and transcranial motor 
evoked potentials (TcMEP) provides the optimum opportunity for safe surgery. The 
incidence of IONM critical changes is between 2% and 5% with the TcMEP changes 
occurring more frequently and earlier than SSEP changes [95, 675, 792]. Reames 
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and coauthors reported the most recent analysis of the SRS database, which found a 
0.8% incidence of neurologic deficit following surgery for AIS [639]. The likeli-
hood of complete or partial recovery of neurologic deficits is high in all series and 
is dependent on an organized response to critical IONM changes to include the use 
of a checklist to ensure the entire operative team is working in unison [829]. The 
immediate responses include raising the mean arterial blood pressure above 
80 mmHg [882], ensuring normal body temperature, good blood counts with the 
measurement of the hemoglobin, and reversing any surgical maneuvers performed. 
The incidence of neurologic deficit is regarded to be higher with combined anterior/
posterior surgery and when osteotomies are performed and is generally thought to 
be of vascular origin [90, 639].

Other complications include “adding on” (progressive coronal plane imbalance - 
often due to continued spine growth or inappropriate fusion levels) and sagittal 
plane issues (often due to failure to restore appropriate thoracic kyphosis (under or 
over correction) or inappropriate fusion levels) [137, 163, 169, 326, 452].

Antibiotic Prophylaxis for Dental Procedures
Recent evidence suggests that the cost-effectiveness of utilizing antibiotics prior to 
dental procedures for those patients who have implants is questionable [510, 723, 
727]. The American Academy of Orthopaedic Surgeons Appropriate Use Criteria 
suggests that it is “rarely appropriate” to use prophylactic antibiotics for dental 
procedures for a healthy patient [629, 630]. If antibiotic prophylaxis is given, the 
following regimen is recommended: patients who are not allergic to penicillin can 
be treated with cephalexin, cephradine, or amoxicillin, 2 g orally 1 hour before the 
dental procedure; patients who are allergic to penicillin should receive clindamycin, 
600 mg orally 1 hour before the dental procedure.

Anterior Spinal Surgery
With removal of the intervertebral disc and endplate, anterior spinal surgery has the 
theoretical advantage of allowing greater mobilization of the spine to facilitate 
deformity correction, shortening the anterior column to increase kyphosis, provid-
ing an abundant area of cancellous bone for fusion and eliminating growth potential. 
However, with the wide adoption of pedicle screws, stiff rods and aggressive poste-
rior mobilization techniques, there are fewer indications for anterior surgery [222, 
711]. Nevertheless, it remains an important technique in the spine surgeon’s arma-
mentarium. It is most commonly used today in patients who are at risk for crank-
shaft and in non-idiopathic patients who have a risk for pseudoarthrosis.

Instrumented Anterior Fusion for AIS
Instrumented anterior spinal fusion for thoracic deformity was introduced by Dwyer 
in the 1960s. However, the correction was insufficient with the cable instrumenta-
tion system [200]. Harms began re-popularizing the idea hypothesizing that anterior 
correction without a posterior derotation maneuver would prevent the lumbar curve 
from decompensating, as had been described following selective posterior instru-
mentation [66, 425, 441]. However, instrumented anterior thoracic fusion, has fallen 
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out of favor due to a high pseudarthrosis rate’ the need for a chest tube (and poten-
tially longer length of stay) and longer surgery despite the advantage of similar 
correction and fewer fusion levels when compared to the posterior approach [441, 
565, 571, 572, 761, 872].

Zielke introduced instrumented anterior fusion with a rod for thoraco-lumbar 
and lumbar curves. While this technique provided excellent coronal plane correc-
tion, there were high rates of pseudarthrosis and sagittal imbalance [537]. TSRH 
and Isola instrumentation extended the concepts of Zielke by using a stiff, smooth, 
solid rod as the longitudinal connection between vertebral screws [344, 346, 812]. 
The resulting stiffer, fatigue-resistant construct enhanced the maintenance of cor-
rection and the likelihood of arthrodesis without postoperative external immobiliza-
tion. However, the early results of anterior single-rod treatment of thoracolumbar 
and lumbar curves included a high incidence of pseudarthrosis, which improved 
with rib strut grafts [594, 812]. The addition of anterior interbody structural support 
in the form of a titanium cage or femoral ring allograft significantly increased the 
flexion–extension stiffness of the construct when using single-rod implants [239, 
465, 586]. Kaneda took the concept of instrumented anterior fusion further, intro-
ducing dual-rod constructs as a method of increasing the stiffness of the construct to 
maintain coronal and sagittal plane correction and preventing pseudarthrosis [132, 
256, 301, 312, 313, 359, 423, 494, 696, 764, 773, 833, 836, 842]. Recent studies 
comparing posterior and anterior instrumented fusions for thoraco-lumbar and lum-
ber AIS have demonstrated similar levels of fusion and correction of deformity. 
However, because the posterior approach is associated with a shorter operative time 
and hospital stay without the need for a chest tube or a general surgeon to perform 
the surgical approach the anterior approach is seldom used [2, 102, 255, 530, 584].

Anterior Spinal Fusion for Crankshaft
Dubousset coined the term “crankshaft” to describe progressive deformity in young 
children after successful posterior fusion. He observed the anterior column of the 
spine continued to grow and twist around the axis of the fusion mass (in a manner 
similar to an automobile crankshaft) [196]. Radiographic changes of more than 10° 
in curve size, apical vertebral rotation, and the rib–vertebral angle difference are all 
thought to reflect progression of the deformity secondary to the crankshaft phenom-
enon [287, 410, 682]. Methods to limit this phenomenon include the use of anterior 
fusion and greater use of, and correction with pedicle screw fixation. For patients 
undergoing PSF for AIS who have not reached their peak height velocity, are under 
10 years of age and whose triradiate cartilage remains open, strong consideration 
should be given to combining anterior and posterior fusion to prevent the crankshaft 
phenomenon [189, 410, 684, 713]. For anterior spinal fusion, a conventional open 
thoracotomy approach has been compared with the newer, less invasive video- 
assisted thoracoscopic surgery (VATS) [309, 511, 573, 759, 831]. Some reports sug-
gest that stiff posterior constructs, particularly when screws are used at nearly every 
level in the segment fused, may be strong enough to prevent the crankshaft phenom-
enon in immature patients, thus avoiding the need for anterior fusion [101, 424, 784].
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Anterior Release and Fusion to Increase Deformity Correction
Anterior release including discectomy, and possibly rib head resection to increase 
flexibility and deformity correction can be performed through an open thoracotomy 
or through a thoracoscopic approach [357, 662]. The thoracoscopic approach has 
some advantage over the open thoracotomy because smaller incisions are used with 
less chest wall disruption and less detrimental impact on pulmonary function, espe-
cially when it is performed in the prone position with double lung ventilation using 
a regular single-lumen endotracheal tube [759]. The combined thoracoscopic 
release in the prone position and posterior instrumented fusion has resulted in over-
all excellent radiographic and clinical results.

The choice of spine mobilization procedure is dependent on several factors 
related to the spine deformity, including its severity, flexibility, amount of previous 
fusion, and experience of the surgeon. In general, for curves between 50° and 65°, 
we utilize stiff 6.0 CoCr rods on the concavity without the use of osteotomies; above 
65° especially when significant hypokyphosis is present, the use of Ponte osteoto-
mies is appropriate; when curves get above 90°, especially when the patient is skel-
etally immature, then anterior release/fusion is appropriate, and when previously 
multiply-operated patients with very severe (>100°) curves present to us then a 
VCR is a consideration but only performed following an exhaustive list of other 
options is discussed with the family.

Fusionless Surgery: Tethering
Surgical correction of scoliosis without fusion has the theoretical advantage of treat-
ing the scoliosis without creating stiffness associated with fusion of multiple motion 
segments. Conceptually, tethering vertebral body growth anteriorly on the concave 
side of the scoliosis could allow both sagittal and coronal plane correction. This use 
of the Hueter-Volkmann principle to produce “guided growth” has been used to 
address angular deformity in the legs for decades. Newton demonstrated the poten-
tial for an anterior tether to create scoliosis and kyphosis in a bovine model and 
studied the effect of the tether on the involved intervertebral discs [567, 568]. Braun 
also created deformity in a goat model using an anterior stable between vertebral 
bodies [88].

Crawford and Lenke reported a single case of scoliosis correction using anterior 
vertebral body screws and a flexible tether in 2010 [157] and a series of 32 patients 
with 1 year follow up after was published in 2015 [673]. In 2018 Newton reported 
2–4 year follow up on 17 patients– 41% of whom required a revision. In 2019 the 
FDA approved Zimmer-Biomet’s product: The Tether™ – Vertebral Body Tethering 
System that consists of an anterior vertebral body screw and flexible cable.

Currently there is a great deal of enthusiasm – from surgeons, patients and par-
ents – regarding “motion preserving” or “fusion-less” scoliosis surgery; with some 
advocating this treatment in patients who would be indicated for brace treatment. It 
is important to remember that this is an evolving technology and is an invasive sur-
gical procedure on the spine that carries many of the inherent risks associated with 
spinal fusion. Patients should be carefully selected and appropriately counseled. 
Newton currently considers growth modulation with tethering in patients with pri-
mary thoracic curves of 45–65° and Risser 0 or 1, Sanders 3–4. He wisely notes: 
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“Patients often over-estimate the loss of mobility and function associated with a 
thoracic spinal fusion and under-estimate the challenges associated with “minimally 
invasive” spinal surgery” [566]. Further investigations will determine if this is 
indeed an improvement over the well-defined, predictable and quite good results 
achieved with modern posterior spinal fusion.

 Juvenile Idiopathic Scoliosis
Children between the ages of 3 and 9 with scoliosis without an underlying cause are 
diagnosed with juvenile idiopathic scoliosis. Juvenile idiopathic scoliosis (JIS) rep-
resents 10–15% of scoliosis in children [339, 656]. Approximately 20–25% of chil-
dren less than 10 years of age with a 20° scoliosis will be found to have neural axis 
abnormality (and subsequently not be deemed idiopathic) [210, 277, 436, 693, 739, 
899]. As a result, some authors recommend MRI during the initial evaluation of 
patients presumed to have JIS. If scoliosis surgery is planned, it is imperative that 
preoperative MRI evaluation be undertaken. Neurologic deficits following spinal 
surgery have been reported in patients with neural axis abnormalities that were not 
recognized preoperatively [579].

Treatment options for children with JIS are the same as those for AIS. Because 
they have more growth, non-operative treatments are less likely to be successful in 
patients with juvenile idiopathic scoliosis. Some patients with JIS may be treated 
with casting as outlined in the section “Early-Onset Scoliosis.”

 Infantile Idiopathic Scoliosis
Infantile Idiopathic Scoliosis (IIS) is defined as scoliosis without a known etiology 
in the first 3 years of life. It represents only 1% of idiopathic scoliosis and unlike 
AIS and JIS, boys are slightly more effected than girls, left thoracic curves are as 
prevalent as right curves and curves will spontaneously resolve up to 80% of 
the time.

Mehta described radiographic parameters (measurement of the rib-vertebral 
angle difference (RVAD) and the phase 1 or 2 rib head at the apical vertebra) associ-
ated with progressive IIS. 80% of patients with a phase 1 rib (not covering the apical 
vertebral edge), and a RVAD ≥20° will have progression of their curve. If the rib 
head has reached phase 2, overlapping the vertebral edge, the curve will progress 
regardless of the RVAD (Fig. 28.9) [512].

These patients are at risk to develop thoracic insufficiency syndrome, their treat-
ment can be exceptionally challenging and is discussed in the section “Early-Onset 
Scoliosis”.

Congenital Spinal Deformities
Congenital deformities of the spine are caused by anomalies of the vertebrae. These 
anomalies may be subtle and found incidentally on radiographs obtained for some 
other reason, or they may be complex and lead to severe spinal deformity with 
accompanying neurologic deficits. Congenital scoliosis, congenital kyphosis, and a 
combination of the two are the deformities encountered. They are much less com-
mon than idiopathic scoliosis.
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a b

Phase 1
RVAD = a – b

Phase 2

Fig. 28.9 With a Phase 1 rib, the rib vertebral angle difference (RVAD) should be calculated. If 
the RVAD is greater than 25°, the curve is likely to progress. In a phase 2 rib the rib on the convex 
side is medial to the edge of the vertebral body. These curves are progressive

Etiology
The cause of congenital vertebral anomalies remains unknown. During embryo-
logic development, these abnormalities develop in the spine between the fifth and 
eighth weeks of gestation. Investigation of genetic causes has provided modest 
insight. A positive family history can be found in approximately 1% of patients with 
congenital spinal deformities [854]. Idiopathic scoliosis has been reported in 17% 
of families of children with congenital scoliosis [626]. An isolated anomaly, such as 
a hemivertebra, usually occurs as a sporadic event and carries no risk for a similar 
abnormality in other offspring [877]. Studies of identical twins, only one of whom 
was affected, showed no genetic pattern [295, 613, 619], but other reports of twins 
with similar congenital deformities suggested the possibility of genetic causes [227, 
539, 755]. Scientists have identified the human gene HuP48, a member of the Pax 
family of developmental control genes, as having a role in establishing the seg-
mented pattern of the vertebral column [730]. As yet, no mutations in this gene have 
been found in those with vertebral segmentation defects. A chromosomal aberra-
tion, deletion of 17p11.2, has been reported in congenital scoliosis but needs further 
verification [329]. Analysis of the candidate gene DLL3 has raised the possibility of 
its involvement in congenital scoliosis [208, 482]. However, no definitive cause of 
anomalous vertebral development has yet been established.

Associated Abnormalities
A nonspecific insult during embryonic may result in congenital malformation of 
any organ undergoing concurrent epigenesis [266]. The most common associated 
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finding is intraspinal anomaly, a general category that includes s tethered cord, dia-
stematomyelia, syringomyelia and lipoma [54, 58, 85, 503, 506, 621, 622, 765]. The 
reported incidence of associated neural axis abnormalities ranges from 21% to 37%. 
In addition to neural axis abnormalities, approximately 60% of patients have associ-
ated abnormalities affecting other systems [56]. Approximately 20–30% of patients 
have an anomaly of the genitourinary system [54, 154, 201, 275, 473], and cardiac 
anomalies are seen in approximately 12–26% of patients [54, 56, 70]. The VACTERL 
association includes vertebral defects, anal atresia, cardiac defects, tracheo- 
esophageal fistula, renal anomalies, and limb abnormalities. Other abnormalities 
reported with congenital vertebral abnormalities include cranial nerve palsy, club-
foot, dislocated hip and Sprengel deformity.

 Congenital Scoliosis

Even though the vertebral anomalies are present at birth, congenital scoliosis can be 
diagnosed at any age. The vertebral anomalies are often noted as incidental findings 
on chest x-rays or KUBs ordered for evaluation of common medical illnesses. The 
variety of vertebral anomalies that can exist leads to an unpredictable natural his-
tory. The deformity may remain mild, or it may progress dramatically over time and 
ultimately result in severe spinal deformity and pulmonary compromise [160]. 
Understanding which vertebral anomalies place the spine at greatest risk for pro-
gressive deformity allows the treating physician to intervene at the appropriate time.

 Classification
Congenital vertebral anomalies are either defects of vertebral formation and defects 
of vertebral segmentation. Hemivertebrae and wedged vertebrae are examples of 
defects of formation. Defects of segmentation include block vertebrae and unilateral 
bars. Many patients have a combination of deformities in which one type predomi-
nates. In 2009 a three-dimensional CT classification system for congenital spinal 
deformities was introduced [368, 557]. Four types of congenital vertebral abnor-
malities were introduced: type 1, solitary simple; type 2, multiple simple; type 3, 
complex; and type 4, segmentation failure.

Defects of Formation
Defects of formation may be partial or complete. Partial unilateral failure of forma-
tion produces a wedged or trapezoid-shaped vertebra that contains two pedicles, 
although one of them may be hypoplastic. The associated scoliosis worsens slowly 
and may not require treatment.

True hemivertebrae are caused by complete failure of formation on one side and 
result in laterally based wedges consisting of half the vertebral body, a single pedi-
cle, and a hemilamina. Occasionally, the lamina associated with the hemivertebra 
may be incorporated into that of the adjacent normal-appearing vertebra. When this 
occurs, differentiating between the anterior vertebral abnormality and the corre-
sponding posterior abnormality becomes difficult. Hemivertebrae in the thoracic 
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DEFECTS OF 
VERTEBRAL-BODY
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Anterior and Median Aplasia

ANTEROLATERAL BAR
AND CONTRALATERAL
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POSTERIOR HEMIVERTEBRA

POSTEROLATERAL
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Complete

BLOCK VERTEBRA

ANTERIOR UNSEGMENTED BAR

Fig. 28.10 Cong scoliosis classification. (From: McMaster and Singh [508])

spine are usually accompanied by an extra rib. Hemivertebrae may be fully seg-
mented (most common), semisegmented, nonsegmented, or incarcerated (least 
common) (Fig. 28.10).

Fully segmented hemivertebra has the highest likelihood of progressive defor-
mity because it is separated from the adjacent vertebrae by intact end-plates and 
intervertebral disks. The hemivertebra is nearly always located at the apex of the 
scoliosis. Lower thoracic and thoracolumbar curves tend to worsen more rapidly 
than do curves at other levels. When two or more hemivertebrae are present on the 
same side of the spine, the deformity progresses at a faster rate. Conversely, the 
spinal deformity may be balanced and nonprogressive if two hemivertebrae are situ-
ated opposite each other. A fully segmented hemivertebra at the lumbosacral junc-
tion creates significant obliquity between the spine and pelvis and is usually 
accompanied by a long compensatory scoliosis in the lumbar or thoracolumbar 
region. This readily apparent deformity is best treated surgically (usually by hemi-
vertebrectomy) at an early age, before the compensatory curve becomes fixed.

A semisegmented hemivertebra is separated from one adjacent vertebra (superior 
or inferior) by a normal vertebral growth plate and disk but is fused to the other 
adjacent vertebra. Although growth of the spine should remain balanced, the hemi-
vertebra can induce a slowly progressive scoliosis. Treatment is necessary only if 
the deformity is progressive.

A nonsegmented hemivertebra is fused to both adjacent vertebrae (above and 
below) and therefore has no vertebral end-plates or adjacent disks. In the absence of 
any asymmetric growth, a nonsegmented hemivertebra does not cause progressive 
spinal deformity. An incarcerated hemivertebra is more ovoid and smaller than a 
fully segmented (nonincarcerated) hemivertebra. The vertebrae above and below 
compensate for this hemivertebra, and as a result, minimal if any scoliosis is present.
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Defects of Segmentation
Defects of segmentation result in a bony bar or bridge between two or more verte-
brae, either unilaterally or involving the entire segment. Circumferential, symmetric 
failure of segmentation leads to a block vertebra. This does not cause any angular or 
rotational spinal deformity but does lead to some loss of longitudinal growth.

Unilateral failure of segmentation of two or more vertebrae (unilateral bar) 
occurs when a bar of bone fuses the disk spaces, pedicles, and facet joints on one 
side of the spine, thus precluding growth and creating the concavity of a curve. If/
when growth proceeds opposite the bar (on the convexity) the curve progresses. Rib 
fusions or other rib abnormalities on the concavity of the scoliosis are often seen 
(22% frequency) adjacent to the bony bar bridging the vertebrae [507].

Some patients with unilateral failure of segmentation have one or more hemiver-
tebrae located on the opposite (convex) side of the curve. This combination carries 
the worst prognosis because it produces the most severe and rapidly progressive 
deformity. Without treatment, patients with thoracolumbar, midthoracic, or lumbar 
curves may develop significant deformity at an early age because of a combination 
of shoulder imbalance, severe distortion of the rib cage, decompensation of the 
trunk, and pelvic obliquity that produces an apparent leg length discrepancy.

In addition to deformities involving the thoracic and lumbar spine, congenital 
scoliosis affecting the cervical and cervicothoracic spine can lead to significant 
deformities of the neck and an abnormal head position [733]. The neck deformities 
can result in persistent tilt of the head (apparent torticollis) because the relatively 
few normal vertebrae above the area of the segmentation defects cannot provide 
sufficient compensation for balance. Nearly 50% of those with congenital cervical 
or cervicothoracic scoliosis have associated Klippel-Feil abnormalities [733, 
789, 797].

 Natural History
The rate of curve progression and the final severity of congenital scoliosis are 
related to two factors: the type of vertebral anomalies present and the patient’s 
remaining growth at the time of diagnosis. The two periods of accelerated growth 
during which congenital scoliosis worsens most rapidly are the first 2 years of life 
and the adolescent growth spurt.

Curve progression is certain in patients with a unilateral unsegmented bar and a 
contralateral hemivertebra (one or more) [80, 505, 506, 852, 855]. Thoracolumbar 
curves of this type have the worst prognosis and may progress up to 7° per year 
before the age of 10  years; this increases to 14° per year during the adolescent 
growth spurt. Curve progression cis also seen with (in decreasing order) isolated 
unilateral unsegmented bars, multiple fully segmented hemivertebrae, a single fully 
segmented hemivertebra.

The progression of scoliosis caused by mixed abnormalities is extremely diffi-
cult to predict, numerous visits may be required before the nature of the curve 
becomes evident. The most worrisome potential outcome is the development of 
thoracic insufficiency syndrome, in which growth of the thorax is so retarded that 
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normal lung growth and respiration cannot be supported [116]. This concept is 
explained in more detail in the section “Early-Onset Scoliosis”.

Compensatory curves develop more commonly in patients with congenital sco-
liosis with an apex in the mid thoracic spine. As the congenital curve progresses, 
this secondary curve may also increase, become inflexible, and require treatment 
[505]. Patients with large congenital lumbar or thoracolumbar curves may be unable 
to develop compensatory curves large enough to maintain a balanced trunk. In this 
instance, pelvic obliquity and apparent lower limb length inequality are compensa-
tory mechanisms used to keep the trunk vertical.

 Radiographic Findings
Radiographic details of the vertebral abnormalities are best seen on films obtained 
before the development of significant deformity—often during infancy—on a radio-
graph taken while the child is supine. As the child grows and the congenital scolio-
sis progressively worsens, the bony detail becomes less clear. At the initial 
evaluation, coned-down radiographs of the affected area provide the most informa-
tion about the vertebral anomalies. Associated abnormalities that may also be noted 
on plain radiographs include diastematomyelia (midline bone spur), spina bifida 
occulta, and congenital rib fusions on the concavity of the curve [258].

Although early supine radiographs reveal bony detail, they cannot be used to 
assess curve progression. The initial upright radiograph must serve as the baseline 
study against which further curve progression is measured. The variability in mea-
suring angles in congenital scoliosis is reportedly larger than that in idiopathic sco-
liosis because of skeletal immaturity, incomplete ossification, and anomalous 
development of the end vertebrae [212, 451]. Concerted effort should be made to 
measure the curves with similar end points to detect subtle yet steady progression of 
the curvature and assess secondary or compensatory curves. The current radiograph 
should be carefully compared to the earliest upright radiograph to ascertain whether 
progression has occurred. (It is not uncommon for radiographs taken 4–6 months 
previously to reveal only slight progression when compared with current radio-
graphs. If comparisons are made with radiographs obtained several years earlier, the 
changes become more evident.)

In severe congenital scoliosis, plain radiographs may not provide sufficient detail 
of the vertebral abnormalities. Should surgical intervention be necessary, CT with 
three-dimensional reconstruction is helpful for preoperative planning, particularly 
in visualizing posterior vertebral anomalies associated with hemivertebrae [104, 
298, 368, 515, 557, 569, 667, 786].

MRI of the spine should be performed in all patients with congenital scoliosis 
who are undergoing surgical intervention and should also be strongly considered 
during the initial evaluation because 37–55% of patients may have an intraspinal 
abnormality [54, 506, 802]. In the first year of life ultrasound of the spine may 
reveal tethered cord, lipomas and other intradural abnormalities.
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 Nonoperative Treatment
Use of a brace to control curve progression secondary to congenital scoliosis is 
universally unsuccessful and should not be attempted. However, serial casting and 
bracing can be considered as a means of temporarily controlling a compensatory 
curve below (or less commonly above) the congenital component [347].

 Operative Treatment
In skeletally immature patients, once a congenital curve has been documented to 
progress, surgical management is indicated. If patients are less than 10 years of age, 
consideration must be given to pulmonary development and the potential for tho-
racic insufficiency syndrome. This is discussed in the section “Early-Onset 
Scoliosis” at the end of this chapter.

For older children with congenital scoliosis, even with relatively small curves 
(<40°) once progression has been confirmed, surgical intervention should be under-
taken if a significant amount of growth remains. Preoperative MRI of the neural 
canal is essential to rule out diastematomyelia, tethered cord, syrinx, and other 
abnormalities. If any of these lesions are identified, they should be addressed prior 
to spinal fusion. Children and adolescents who have undergone spinal fusion should 
be monitored to maturity because a progressive deformity can develop above or 
below the fused sites. Additional surgery may be required in these individuals.

Various operative approaches can be used; the choice depends on the maturity of 
the patient, the location of the deformity, and the type of congenital deformity. 
Historically, many congenital curves were treated with in-situ fusion without instru-
mentation. Today, with smaller implants, almost all patients are treated instru-
mented fusion.

Anterior and Posterior Fusion
This approach is used in immature individuals in whom continued anterior growth 
on the convexity would lead to development of the crankshaft phenomenon [196, 
302, 788]. Children most in need of this approach are those who have unilateral 
unsegmented bars with (or sometimes without) contralateral hemivertebrae. In a 
young child, fusion should extend to one level above and one level below the anom-
alous vertebrae; this may prevent “adding on” of the curve in subsequent years.

Posterior Spinal Fusion
Posterior spinal fusion is indicated in older children with progressive congenital 
scoliosis with less growth potential and therefor who are less likely to develop the 
crankshaft phenomenon or in younger children who do not have normal anterior 
growth potential. Crankshaft progression does not develop in many young children 
with congenital scoliosis because the anterior growth plates are abnormal [372, 460, 
858, 863, 865]. However, these patients are not always easily identified preopera-
tively, so the decision whether to include anterior fusion is difficult. The use of 
reduced-size spinal instrumentation in young patients is safe and efficacious [299]. 
Any deformity correction is usually obtained through the flexible, normal vertebral 
segments.
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Hemivertebra Excision
This procedure is most commonly performed in patients with a single hemiverte-
brae in the lumbar or lower thoracic spine. Hemivertebra excision carries a risk for 
temporary and occasionally permanent neurologic injury [311]. Excision distal to 
L2 is safer because nerve roots are more tolerant of manipulation than the spinal 
cord. The major advantage of resection of the hemivertebra is that it allows maximal 
correction of the deformity and realignment of the spine [55, 83, 111, 127, 173, 311, 
314, 338, 386, 558, 660, 661, 712].

Excision of a hemivertebra can be accomplished from posterior only or com-
bined anterior and posterior approach [77, 300, 391, 879]. Historically, in the com-
bined technique, the anterior approach allows removal of the body of the hemivertebra 
and its adjacent disks back to the spinal canal, along with removal of the anterior 
half of the pedicle. The patient is next repositioned and the posterior elements are 
excised through a secondary midline approach. Correction is then achieved inter-
nally with posterior compression instrumentation on the convexity. More recently, a 
number of studies have reported successful hemivertebra excision via a posterior 
approach alone [338, 558, 660, 661, 712, 886]. This method, combined with trans-
pedicular instrumentation, is safe and provides excellent correction in both the fron-
tal and sagittal planes.

Vertebral Column Resection
We perform VCR in individuals with very severe deformity —angular scoliosis or 
kyphosis— usually neglected or previously treated. This procedure should be per-
formed only by skilled and experienced surgeons who have worked their way up the 
learning curve by performing less arduous spine mobilization procedures [40, 433, 
434, 768]. A multicenter study of 147 pediatric VCR procedures performed by 
senior surgeons reported complications in 59% of patients, including 27% who had 
an intraoperative neurologic event without paraplegia [432].

 Congenital Kyphosis

Congenital kyphosis represents an abrupt posterior angulation of the spine because 
of a localized congenital malformation of one or more vertebrae [195, 276, 852, 
859]. Although this condition is less common than congenital scoliosis, paraplegia 
is a far greater risk in those with congenital kyphosis.

 Classification
Congenital kyphosis is caused by defects of vertebral body formation (type I), 
defects of vertebral body segmentation (type II), or a combination of the two (type 
III) (Fig. 28.10).

In contrast to congenital scoliosis, failure of formation is the most common type 
of congenital kyphosis, and it tends to produce more severe deformities than those 
seen with kyphosis resulting from failure of segmentation. These vertebral abnor-
malities may also lead to frontal plane deformity and result in kyphoscoliosis.
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Defects of Formation (Type I)
In kyphosis caused by defects in vertebral body formation, part or all of the verte-
bral body is deficient. Several contiguous levels may be affected, which produces 
greater deformity. In general, the posterior elements (spinous processes, pedicles, 
transverse processes) are present. Growth continues normally in the posterior por-
tion of the spine, but not anteriorly. As a result, relentless progression of the defor-
mity usually occurs.

Defects of formation place the patient at a much greater risk for the development 
of paraplegia than do defects of segmentation. The kyphotic junction may be unsta-
ble, particularly when the apex is between T4 and T9. Paraplegia can occur at any 
age but is most common during the adolescent growth spurt.

Defects of Segmentation (Type II)
In kyphosis caused by failure of segmentation, the anterior portions of two or more 
adjacent vertebral bodies are fused. This deformity tends to be less progressive, 
produces less deformity, and is associated with a much lower risk for paraplegia 
than is kyphosis caused by defects in formation [496]. The area most commonly 
affected is the lower thoracic or thoracolumbar spine.

 Natural History
The apical area of the kyphosis can occur at any level but is most commonly located 
between the tenth thoracic and first lumbar levels [508]. There appears to be no 
relationship between the severity of the kyphosis and its location in the spine. 
Progression of these deformities is most rapid during the adolescent growth spurt.

Congenital kyphosis from either failure of formation (type I) or mixed anomalies 
(type III) is much more likely to be progressive [488, 508, 614, 864]. Deformities 
caused by two adjacent type I vertebral anomalies progress more rapidly and with 
more severity than do deformities caused by a similar single anomaly. Kyphosis 
from failure of segmentation (type II) is much less progressive, produces less severe 
deformity, and has a very low likelihood of resulting in paraplegia.

 Clinical Features
Although congenital kyphosis has been diagnosed prenatally, it may not be clini-
cally evident in a newborn or infant [737]. Suspicion may first be raised after a chest 
radiograph is obtained for evaluation of an unrelated event, such as a respiratory 
infection. As the child begins standing and walking, a localized prominence may 
become noticeable or palpable. The child is usually asymptomatic and has no spinal 
tenderness. In adolescents, the predominant clinical complaint tends to be lower 
back discomfort caused by secondary lumbar hyperlordosis. Mild scoliosis may 
accompany the kyphosis.

On occasion, myelopathy or paraplegia secondary to spinal cord compression 
may develop in a child with congenital kyphosis [375]. Reports of mild trauma 
producing a sudden onset of paraplegia in children who have unrecognized, acute 
type I kyphosis highlight the delicate underlying neurologic status in this condition. 
When congenital kyphosis caused by a defect in vertebral formation is diagnosed, a 

28 Scoliosis in Children



590

meticulous neurologic examination should be performed to identify any subtle 
abnormalities.

 Radiographic Findings
Congenital kyphosis is best visualized on a lateral radiograph of the spine. It may 
not be evident on the frontal view. Once identified, a coned-down lateral view of the 
specific area provides greater bony detail. Three-dimensional CT imaging of the 
spine with reconstructed images is very useful in the evaluation of vertebral anoma-
lies, especially in older children [569]. MRI provides the clearest picture of the 
spinal cord and vertebral bodies in very young children. It should be ordered imme-
diately for those whose kyphosis is due to failure of formation. Spinal cord com-
pression may be evident on MRI before any clinical neurologic deficits become 
apparent.

 Treatment
Nonoperative treatment has no beneficial effect on congenital kyphosis, and use of 
an orthosis is inappropriate. Once type I or type III kyphosis is recognized, plans for 
surgical intervention should be considered. For adolescents with mild type II kypho-
sis, close monitoring for progression is reasonable.

Type I Kyphosis
Historically, if the kyphosis is recognized in a child younger than 5 years and is less 
than 45–50°, simple posterior fusion without instrumentation may be considered. A 
hyperextension cast is used postoperatively for 4–6 months, followed by a TLSO for 
another 6 months. Successful outcomes with posterior fusion have been reported 
[508, 509, 861]. This approach allows some growth to occur anteriorly in the abnor-
mal region of the spine, which may result in progressive improvement in the local-
ized kyphosis over time. Reexploration and augmentation of the graft at 6 months 
have been advocated. An alternative approach for young children is to combine 
anterior fusion using a rib strut with posterior fusion during the same surgical inter-
vention. This approach produces some immediate improvement in sagittal plane 
alignment and increases the likelihood of a solid fusion, but it eliminates any further 
correction that might occur as a result of anterior growth.

In an older child, two approaches can be used. The first and older approach con-
sists of the combination of anterior and posterior arthrodesis [866]. The anterior 
arthrodesis is performed first. Following excision of the gristlelike soft tissue ante-
riorly, some distraction is attempted. Any distraction that is achieved can then be 
maintained with rib strut grafts. Vascularized rib struts heal more rapidly and should 
always be used in those who have had previously unsuccessful attempts at anterior 
fusion; they may also be considered for the initial fusion procedure [82, 84, 699].

The second and more common current approach, involves posterior surgery only. 
Through VCR, the anterior deformity can be resected, decompression achieved, and 
an interbody spacer placed [40, 432–434, 597, 756, 768]. Posterior pedicle screw 
fixation is required to maintain spinal stability during resection of the anterior ele-
ments. This procedure should be performed only by skilled and experienced sur-
geons who have worked their way up the learning curve.
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If a neurologic deficit is present at the time that the congenital kyphosis is recog-
nized, treatment should be undertaken immediately. If the deficit is minimal 
(increased reflexes, Babinski sign, or both, but no loss of motor, bowel, or bladder 
function), formal anterior decompression of the spinal cord is not necessary. 
Following a solid anterior and posterior arthrodesis, or following a VCR, these sub-
tle neurologic deficits may resolve. On occasion, patients have mild paraparesis of 
recent onset. In these individuals the apical flexibility of the kyphotic deformity 
should be assessed with a hyperextension radiograph. If the apex is flexible, some 
improvement in the paraparesis may be achieved by resting the recently compro-
mised spinal cord with a halo vest, cast, or minimal halo traction [195]. Halo trac-
tion should not be considered in those with a rigid, inflexible kyphotic apex because 
of the risk for progressive neurologic deterioration. Very close monitoring is needed. 
If recovery occurs, spinal fusion can be performed without the need for decompres-
sion [383]. If the deficits do not resolve, arthrodesis must be combined with anterior 
decompression of the spinal cord. Unless the child is very small, these procedures 
can be accomplished during the same operative episode. The decompression must 
be performed anterior to the compressed cord by removing the posterior aspect of 
the vertebral body. Posterior laminectomy does not relieve the spinal cord compres-
sion. VCR through a costotransversectomy is an effective approach for these com-
plex kyphotic deformities of the thoracic spine. It should be undertaken only by 
those experienced with this technique.

Type II Kyphosis
Defects of segmentation are best treated at a young age, before significant deformity 
has developed. Historically, posterior spinal fusion followed by cast immobilization 
was performed across the unsegmented levels plus one level farther both cephalad 
and caudad. Correction of the kyphosis should not be expected, although mild 
improvement from the cephalic and caudal extensions is possible [380]. Today, pos-
terior osteotomies and instrumentation are commonly performed to achieve some 
correction and avoid immobilization .

In an older child with severe kyphosis, some correction of the deformity may be 
achieved through osteotomy of the unsegmented anterior region [731]. When com-
bined with posterior compression instrumentation, this approach may result in some 
improvement in the sagittal plane.

Type III Kyphosis
Mixed anomalies are least common but usually produce a kyphoscoliotic deformity. 
Because of their association with failure of segmentation, type III anomalies gener-
ally require posterior arthrodesis only.

 Segmental Spinal Dysgenesis, Congenital Vertebral Displacement, 
and Congenital Dislocation of the Spine
Segmental spinal dysgenesis, congenital vertebral displacement, and congenital dis-
location of the spine may be variations of the same deformity, although this is not 
universally accepted [179]. They all create severe localized kyphosis of the spine 
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and lead to a neurologic deficit in 50–60% of patients [213, 232, 322, 706, 897]. 
These are the most severe (and rare) congenital deformities and may require surgi-
cal treatment in the first 2 years of life.

Segmental spinal dysgenesis is characterized by a focal spinal deformity, usually 
located at the thoracolumbar junction or in the upper lumbar spine [213, 232, 235, 
322, 801, 894]. The deformity frequently includes severe kyphosis; anterior, poste-
rior, or lateral subluxation of the spine; scoliosis in association with a severely ste-
notic spinal canal; and absent nerve roots. All these patients have localized stenosis 
of the spinal canal at the level of involvement, and the osseous canal has an hour-
glass shape. No pedicles, spinous processes, or transverse processes are seen at the 
level of involvement. Commonly, an offset in the sagittal plane is present between 
the cephalic and caudal segments of the spine at the level of dysgenesis. 
Decompression of the stenotic canal results in some improvement in neurologic 
function in 20% of patients. Early anterior and posterior arthrodesis in patients with 
segmental spinal dysgenesis is indicated because progressive kyphosis inevitably 
develops and often results in neurologic deficits.

Congenital vertebral displacement occurs when the spinal column is displaced at 
a single vertebral level and results in abrupt displacement of the neural canal [706, 
807, 822, 896]. The displacement can occur in the presence of a posteriorly located 
hemivertebra in which the pedicles, transverse processes, and spinous processes 
may be present. As with segmental spinal dysgenesis, the potential for severe neu-
rologic deficits is high. Combined anterior and posterior arthrodesis of the spine is 
needed in an effort to prevent the development of such deficits. For those with neu-
rologic deficits of recent onset or progressive neurologic deficits, decompression of 
the spinal cord is indicated.

The congenitally dislocated spine was first described in 1973 by Dubousset 
[897]. It, too, is associated with spinal kyphosis and a high likelihood of neuro-
logic deterioration. The posterior elements are abnormal in all patients with 
congenital dislocation of the spine. The various stages of posterior dysraphism 
range from agenesis of the laminae with pathologic changes in the articular 
facets to total absence of the posterior elements and the spinal cord under oth-
erwise normal skin. Anterior and posterior spinal fusion is indicated because 
posterior fusion alone is insufficient to achieve solid fusion with this type of 
congenital instability. Function must be favored over cosmetic appearance. 
Neurosurgical decompression should be used only for a proven recent and pro-
gressive neurologic deficit.

For these three entities, all of which involve a severe form of localized kyphosis, 
early recognition is imperative, and the appropriate operative intervention should be 
undertaken. Prenatal diagnosis is possible and can be useful for parental counseling 
and obstetric management [238, 670].

 Scoliosis in Cerebral Palsy
Scoliosis affects between 25% and 68% of patients with cerebral palsy (CP) [481, 
499, 678]. The incidence is highest in patients who are nonambulatory and have 
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total body involvement (i.e., GMFCS level 4 and 5). Series that include patients who 
are ambulatory and have milder neurologic involvement yield a lower incidence, 
whereas those that study institutionalized patients show a higher frequency. Up to 
64% of institutionalized adults with CP have scoliosis [481, 793].

The typical curve pattern in scoliosis secondary to CP is a long sweeping curve 
that extends to the pelvis, with the apex of the curve at the thoracolumbar junction. 
Pelvic obliquity and rotation accompanies the coronal-plane curvature (Fig. 28.11) 
[32, 777].

Scoliosis can create difficulty with seating and pelvic obliquity, which can pro-
duce uneven pressure on the ischial tuberosities and eventually pressure sores [734]. 
Seating imbalance forces the child to lean on the upper extremities and become a 
hands-dependent or a propped sitter.

Fig. 28.11 Pre- and post-operative AP radiographs of a non-ambulatory patient with cerebral 
palsy treated with an instrumented posterior fusion to the pelvis

28 Scoliosis in Children



594

Nonoperative Treatment
Curve progression is not controlled by bracing, a fact that has been proved in many 
studies. Bracing had no impact on scoliosis curve, shape, or rate of progression in 
patients with spastic quadriplegia who were observed by Miller and colleagues until 
fusion [520]. Letts and colleagues found that seating was made somewhat easier 
when a soft orthosis was prescribed. The brace was used only to allow comfortable 
seating, not to treat the curve [435]. Wheelchair adaptations can usually be made to 
position a child in a functional position and avoid pressure sores, but do not effect 
progression of the curvature.

Surgical Treatment
Surgical management of scoliosis associated with CP carries sufficient risks (5 year 
complication rates as high as 45% and mortality as high as 5%) [531] and unclear 
benefits. Thus it is wise to approach each patient with a “shared decision making” 
model where the risks and benefits of both surgical treatment and observation are 
thoroughly reviewed with the family. It has been shown that the rate of progression 
of scoliosis is related to the patient’s GMFCS level, with the most involved nonam-
bulatory patients worsening at a faster pace than an ambulatory group [249]. Majd 
and colleagues monitored all adult patients with CP in a nursing home and docu-
mented whether they had scoliosis and whether their curves progressed [483]. They 
found that 18% of patients had significant progression of their curves. The larger 
curves tended to progress in adulthood at a rate of 4.4° per year. Three patients had 
decubitus ulcers, and their average curves were greater than 100°, with more than 
45° of pelvic obliquity [483]. Thometz and Simon found similar results, but the rate 
of progression of curves greater than 50° at skeletal maturity averaged only 1.4° per 
year. They also found that thoracolumbar and lumbar curves tended to progress 
more than thoracic curves did [793]. If a curve is greater than 40° by 15 years of age, 
it is likely to progress [666].

These studies looked at whether curves progressed after skeletal maturity, but 
they did not address whether patients with larger curves were less healthy or more 
difficult to nurse. Kalen and associates compared 14 residents of a nursing home 
who had scoliosis of between 51° and 105° with 42 residents who had either no 
scoliosis or small curves. They found that patients with larger curves had more 
orthopaedic deformities such as hip dislocations and that they needed modified 
wheelchairs. No difference was found in the incidence of decubitus ulcers, func-
tional level or loss of function, or oxygen saturation, however [354]. They con-
cluded that problems with functional loss and decubitus ulcers were seen in equal 
proportions in both groups, so the surgical indications for spinal fusion in those with 
CP were not clear.

Cassidy and associates analyzed the health and nursing care of a group of insti-
tutionalized patients with CP who had undergone spinal fusion surgery and a similar 
group of patients with scoliosis of greater than 50° who had not [122]. They found 
no significant difference in pain, pulmonary status, decubitus ulcers, function, or 
time required for daily care. The nurses caring for these patients, however, believed 
that those who had undergone spinal fusion were more comfortable. Based on this 
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study and the study by Kalen and colleagues [354], the indications for surgery in 
patients who are institutionalized and severely mentally retarded remain clouded.

Preoperative Evaluation
Once the decision to operate has been made, a thorough medical evaluation is nec-
essary [867]. Malnutrition is frequently a problem in these patients and, when pres-
ent, predisposes to infection and delayed wound healing. Laboratory studies, 
including measurement of serum protein and albumin and a total lymphocyte count, 
are useful in assessing the nutritional status of the child. A serum albumin level of 
35 g/L and a total lymphocyte count of 1500 cells/mm3 have been established as 
levels below which complications occur more frequently [342]. Gastrostomy tube 
feedings may be necessary preoperatively to lessen the risk for complications. 
Aspiration has been documented in 69% of patients with total body involvement of 
CP [192]. In patients with gastroesophageal reflux, pancreatitis and feeding difficul-
ties are also more likely to develop postoperatively [79]. Preoperative swallowing 
studies should be performed in patients suspected of aspirating.

Certain seizure medications that are frequently used in patients with CP can 
increase blood loss by interfering with coagulation. Patients treated with divalproex 
(Depakote) or valproate (Depakene) will have normal routine coagulation pro-
files—that is, prothrombin time and partial thromboplastin time—but prolonged 
bleeding times. Platelet counts may also be decreased by these medications [867]. 
Use of antifibrinolytic medications such as tranexamic acid at the start of surgery 
has been shown to decrease blood loss but not decrease transfusion requirements 
[174]. Preparations for large intraoperative blood loss must be made [335].

The use of indwelling intrathecal baclofen pumps has become more prevalent in 
patients with CP and scoliosis. It should be expected that the catheter will be in the 
way of the surgery, so a repair kit should be made available in these cases. We find 
it easiest to clamp and transect the tubing during exposure of the spine and reanas-
tomose it at completion of the procedure. In patients in whom the catheter requires 
reinsertion, spinal headache can develop postoperatively [694].

Intra-operative Neuromonitoring
Intraoperative spinal cord monitoring should be performed. Transcranial motor 
evoked potentials have been used safely in the cerebral palsy population although 
monitoring may be more difficult to obtain and interpret than in idiopathic patients 
[181, 289, 609]. Concerns regarding worsening of seizure disorders in children with 
CP who have transcranial motor evoked potential monitoring appear to be 
unfounded [669].

Surgical Technique
Most commonly, instrumented fusion from T2 to the pelvis is performed (Fig. 28.11). 
Historically, this was done with segmental Luque wire fixation of the thoracic and 
lumbar spine and fixation to the pelvis with one of several techniques. Today fusion 
is done with segmental pedicle screws and pelvic fixation is most commonly 
achieved with SAI screws, although iliac screws may be necessary in patients with 
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severe pelvic obliquity/deformity [3, 5, 243, 310, 337, 531, 806, 887]. Intra- 
operative traction is helpful in this patient population. If pedicle screws cannot be 
placed, sub-laminar polyester bands are now available. Theoretical advantage of 
these bands over wires include decrease likelihood of penetration into the spinal 
canal and better distribution of force on the lamina in osteopenic patients [20, 117]. 
Patients with extreme hyperlordosis can be the most difficult to treat as exposure is 
associated with increased time and blood loss and instrumentation is difficult.

Although, improved posterior fixation and spine mobilization techniques have 
made anterior release and fusion less common it is still occasionally performed. The 
indications are not clearly defined and are very surgeon dependent [293, 334]. 
Anterior release decreases the rate of pseudarthrosis and crankshaft and increases 
the deformity correction. The addition of anterior fusion reduced the pseudarthrosis 
rate from 22% to 5.4% in a series published in 1983 by Lonstein and Akbarnia 
[455]. In younger patients with open triradiate cartilage, the crankshaft phenome-
non may develop with isolated posterior fusion in the presence of postoperative 
anterior vertebral growth. These patients may benefit from anterior fusion combined 
with posterior instrumentation and fusion. Severe, stiff curves may require anterior 
release and fusion to improve the surgical correction of the deformity [180]. 
Boachie-Adjei and colleagues recommended preliminary anterior release and fusion 
for curves greater than 90° and for curves in which a stretch supine radiograph 
showed lack of correction of pelvic obliquity [73]. The literature is inconclusive as 
to the benefits and risk of staged or same day anterior and posterior fusion [334, 804].

Complications
The complication rates of surgical treatment of scoliosis associated with CP are 
reported to be as high as 45–62% with mortality of 5% [458, 531, 830]. Pulmonary 
complications are frequent in the early post-operative period and are associated with 
increased intraoperative blood loss and lead to an increase in ICU stays [674]. 
Pancreatitis has also been described in the cerebral palsy population, particularly in 
those children who have gastrostomy tubes [4]. A multicenter study from 2016 sub-
classified patients who were GMFCS5 by whether they had a tracheostomy, gastros-
tomy, a seizure disorder, and were nonverbal. 49 of 100 patients who had 3 or more 
of these risk factors suffered complications including death in five children [336].

Wound infection can occur in up to 20% of patients with CP having scoliosis 
surgery [455, 538, 635, 744, 778]. Wound infection is most likely in malnourished 
patients [193, 389], those that require gastrostomy tubes [575] and in those with 
greater cognitive impairment [742]. Infection with gram-negative organisms and 
polymicrobial infections are seen more frequently in the CP population because of 
contamination from the diaper in patients with bowel and bladder incontinence 
[635]. When infection does occur, it generally responds to antibiotics combined 
with multiple surgical irrigations and débridements, hardware removal is rarely nec-
essary, some curve correction may be lost, and time to recovery will be prolonged 
[342, 635, 778]. The addition of gentamicin to the allograft or vancomycin in the 
wound has been shown to decrease infection rates in these patients [78, 492, 538, 
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635, 744]. Careful attention by the surgical team to the appropriate dose of intrave-
nous antibiotic prophylaxis and timing of redosing is merited [635].

Decubitus ulcers can occur after spinal fusion. Surgical management changes the 
pelvic obliquity and can produce new weight bearing areas on the ischium. These 
can lead to skin breakdown; thus we insure every patient has pressure mapping of 
their seating system prior to discharge from the hospital [252].

Results
Several reports of parent and caregiver perceptions about the outcome of spinal 
fusion in children with CP have been published. Parents voice high satisfaction with 
the results of surgery and state that appearance, ease of care, and quality of life are 
improved after spinal fusion [76, 805]. Studies matching operative with nonoper-
ated children with scoliosis due to cerebral palsy show improved cpCHILD out-
come scores as well as activity scores following surgical correction of spinal 
deformity [697, 698]. Although, improvements in caregiver outcome scores mea-
sured at 1 year have been shown to return to preoperative levels at 2 years in one 
study [182], a more recent multi-center study showed improvements in HRQoL at 5 
years that did not correlate with the high (45%) complication rate [531].

Spinal Deformity in Myelomeningocele
Spinal deformity in patients with myelomeningocele occurs frequently, can be com-
plex, and often requires treatment. Deformities can be congenital or acquired, spe-
cific to myelomeningocele or similar to deformities seen in other conditions. 
Congenital spinal anomalies include scoliosis secondary to vertebral malforma-
tions, congenital kyphosis related to posterior dysplasia, and intrathecal anomalies 
such as diastematomyelia. Acquired deformities include idiopathic-like or neuro-
muscular curves. Problems created by spinal deformity include pressure sores or 
interference with sitting balance in non-ambulatory patients, unstable skin over the 
deformity in the case of kyphosis and pulmonary compromise. Although general-
izations can be made, treatment must be individualized, based on the cause, severity, 
and risk of progression of the deformity, the patient’s age and ambulatory status, 
and the impact of the deformity on the patient’s well-being.

Radiographic evaluation of the entire spinal column should be carried out in 
infants with myelomeningocele, looking specifically for the presence, location, and 
severity of kyphosis, the last level of posterior element closure, and any evidence of 
congenital spinal deformity. Routine physical examination and periodic radio-
graphic screening for evidence of scoliosis should be performed in all patients with 
spina bifida because the prevalence of this deformity is so high.

Scoliosis
Congenital scoliosis is managed as if any other patient; if the deformity is progres-
sive in a skeletally immature patient, appropriate spinal fusion should be performed.

Progressive neuromuscular (noncongenital) or idiopathic like curves are treated 
according to their severity, evidence of progression, and the patient’s skeletal 
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maturity. First, the overall health of the patient’s neurologic system should be evalu-
ated, particularly in those with newly evident or rapidly progressive deformities. 
Shunt function should be assessed, and the spinal cord evaluated for evidence of 
tethering. Curves between 25° and 45° in skeletally immature patients may be con-
sidered for total-contact orthoses. Bracing in ambulatory patients dependent on 
extensive lower extremity braces, particularly HKAFOs, can be challenging, but 
because spinal orthoses can at least delay the rate of progression of deformity [62, 
527], they should be considered; bracing should probably be recommended for 
young patients in whom deferral of spinal fusion is warranted. As for patients with 
idiopathic scoliosis, spinal fusion should be considered for curves greater than 55° 
unless the patient is a community ambulator. In this case, because a long stiff spine 
may adversely affect ambulation, it may be prudent to delay surgical management 
until the patient becomes largely wheelchair-reliant or the curve becomes signifi-
cantly worse.

Patients with myelomeningocele who undergo spinal surgery are particularly 
likely to experience peri- and postoperative complications, making attentive treat-
ment by a multi-disciplinary team essential. Even with such care, pressure sores, 
urinary tract infections, wound breakdown, deep infections, pseudarthrosis, and 
progression of the deformity are more frequent than in all other patient populations 
with spinal deformities.

Preoperatively, the treating surgeon must ensure that the patient’s shunt function 
is stable, there is no ongoing urinary tract infection, the nutritional status is opti-
mized, the weight-bearing skin of the pelvis and upper thighs is free of pressure 
sores, and the skin over the portion of the spine to be operated on is healthy. Because 
the posterior skin can be significantly scarred, consideration should be given to 
consultation with a plastic surgeon for wound management. We have found tissue 
expansion helpful in some of these patients [328, 838] (Fig. 28.12a–c).

Preoperative assessment should include careful assessment and neurosurgical 
consultation to assess the potential need for prior or concurrent detethering of the 
spinal cord [676]. To minimize the possibility of a potential urinary tract infection 
leading to a bacteremia-induced spinal wound infection, we treat patients the eve-
ning before surgery with parenteral gentamicin.

In most patients, the posterior element deficiency mandates combined anterior 
and posterior spinal fusion [47, 444, 504, 592, 593, 606, 745, 749, 750, 839, 887]. 
Most commonly we perform a single-stage combined anterior spinal release and 
fusion, followed by posterior spinal fusion with instrumentation to the pelvis. We 
use pedicle screws when possible, pedicle wires or screws in the area of posterior 
element insufficiency, and SAI screws or iliac screws if there is significant defor-
mity for fixation to the pelvis [47].

Postoperatively, the patient’s urinary management routine should return to the 
preoperative technique, usually clean intermittent catheterization, as soon as possi-
ble, with postoperative urine cultures and prompt aggressive treatment of any early 
urinary tract infection. Increasingly, we use an impermeable, negative-pressure 
(vacuum-assisted closure [VAC]) dressing to cover the wound for several weeks 
following the surgery. Fusion to the pelvis may alter the weight-bearing areas of the 
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Fig. 28.12 (a) Preoperative clinical photographs of a patient with myelomeningocele and severe 
kyphosis producing recurrent skin breakdown. (b) Tissue expanders (note the red dots) have been 
placed to facilitate wound closure after kyphectomy. (c) Final clinical result following kyphectomy 
and removal of the tissue expanders

a

b

28 Scoliosis in Children



600

ischium, thus the seating system should be pressure mapped and modified as neces-
sary prior to discharge.

Although surgical management of scoliosis can have a positive effect on pulmo-
nary function in patients with myelomeningocele [48, 121], it is wise to educate 
patients and families that the long stiff spine produced by fusion can have a negative 
impact on the child’s overall mobility and ADLs (including self-dressing and self- 
catheterization) [74, 497, 552, 554, 687].

Postoperative complications, including deep wound infection, pseudarthrosis, 
worsening of neurologic deficits, or pressure sores have been reported in more than 
50% of these patients, regardless of the surgical technique [749, 839]. A 2014 study 
compared long term outcomes between patients treated operatively and those man-
aged conservatively. In the surgical group there was a 32.4% infection rate, 17.6% 
pseudarthrosis rate, and 20% required removal of implants. There was no difference 
in walking capacity, neurological motor level, sitting balance, or health related qual-
ity of life between the two groups at follow-up [377].

Kyphosis
Kyphosis of the lumbar spine is a common deformity in myelomeningocele patients 
(20–46%). Kyphosis is more commonly seen in patients with thoracic and upper 
lumbar levels of paralysis. Progressive kyphosis is usually associated with a com-
pensatory thoracic lordosis (Fig. 28.13) [120, 188, 529].

c

Fig. 28.12 (continued)
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Fig. 28.13 Clinical 
photograph of severe 
kyphosis associated with 
myelomeningocele. Note 
the compensatory thoracic 
lordosis proximal to the 
gibbus

The treatment of myelomeningocele-related kyphosis is always challenging. 
Lumbar kyphosis can be problematic from birth, causing difficulty closing the skin 
and the meningeal defect. Later difficulties include skin breakdown with sitting, 
sitting balance problems, and even pulmonary compromise caused by pressure on 
the thoracic cavity from the collapsing abdomen and diaphragm. Chronic skin 
breakdown can leave the neural elements and the spinal column exposed and at risk 
for infection.

Patients with skin breakdown over a stable kyphosis that does not need treatment 
should have their wheelchair supports and activities carefully evaluated and any 
irritants causing the breakdown removed. If these efforts are unsuccessful, rota-
tional or free flaps can be used to cover the kyphotic area with thicker, more sta-
ble skin.

There appears to be little, if any, role for bracing in an attempt to control or cor-
rect kyphosis associated with myelomeningocele. Definitive management of kypho-
sis consists of kyphectomy (which typically includes cordectomy and vertebral 
body resection) and posterior spinal fusion with instrumentation [24, 140, 148, 202, 
203, 244, 251, 286, 307, 320, 392, 444–446, 462, 491, 498, 574, 576, 587, 672, 686, 
708, 747, 796, 800, 840].

As in patients with scoliosis, careful preoperative assessment is necessary. The 
function of the shunt must be determined. The skin over the kyphosis must be as 
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stable as possible and, if it is of poor quality, a plastic surgeon should be consulted 
to assess the use of tissue expanders or rotational flaps. Patients should have careful 
nutritional assessment and their nutritional status maximized prior to surgery. The 
patient should be treated for any urinary tract infection preoperatively, and renal 
function should be evaluated. The aorta typically bridges the area of kyphosis and 
thus is not at great risk during vertebrectomy; however, the kidneys are often nestled 
within the kyphotic area and may be inadvertently injured during surgery [240, 
450]. Cordectomy may result in improved bladder function, as evidenced by 
increased bladder compliance and capacity [405].

The surgical technique involves identification and transection of the spinal cord/
placode, after resection of the cord, the lumbar spine is dissected extraperiosteally 
from the posterior approach to the anterior aspect of the vertebral bodies. Two or 
more vertebral bodies are resected so that the kyphosis can be reduced. Fixation to 
the pelvis is then carried out. Historically, a number of instrumentation techniques 
have been described, including fixation with Harrington compression instrumenta-
tion, Luque-Galveston instrumentation to the iliac crests, the Dunn-McCarthy mod-
ification of Luque instrumentation to the sacral alae, the Fackler technique: Luque 
rods contoured to fit through the first sacral foramen (a modification of the Dunn- 
McCarthy technique) [840], vertebral body plates, and figure-eight wire loops 
around the pedicular remnants, with immobilization in a cast or brace. Currently we 
most commonly use pedicle screws (placed in the pedicle remnant in the dysplastic 
vertebrae) with iliac screw fixation or Fackler fixation in the pelvis. In younger 
patients, we have also used sublaminar wires without fusion in the upper thoracic 
spine to allow for growth. There have been recent reports of using the vertical 
expandable prosthetic titanium rib (VEPTR) to treat young patients with severe 
kyphotic deformity [233, 732]. The high rate of complications in patients undergo-
ing one-stage, definitive spine surgery has resulted in bias against the use of so- 
called growing techniques, which require multiple planned operations in patients 
with myelomeningocele; we prefer to use nonoperative delaying tactics (i.e., braces) 
in very young patients and perform single-stage definitive surgery after the age of 
6 years.

Results of kyphectomy demonstrate the complexity of the procedure. Warner and 
Fackler found less recurrence (0/12 compared to 8/21) of kyphosis when the modi-
fied Dunn-McCarthy pelvic fixation was utilized [840]. Improved deformity correc-
tion using the Dunn modification of segmental fixation also has been reported by 
others [307, 498]. McCall [498] reported that preoperative deformity averaged 
110°, postoperative deformity averaged only 15°, and loss of correction averaged 
only 5° on follow-up. Of 16 patients, 8 had complications, and blood loss averaged 
1100 mL [498].

Garg and colleagues achieved improved seating balance and skin conditions in 
17 of 18 patients undergoing kyphectomy [251]. Seven patients required reopera-
tion and three developed deep infection. One patient who had removal of implants 
following deep infection developed recurrent deformity. As a result of this experi-
ence, anterior fusion prior to implant removal is now recommended for patients who 
develop deep infection.
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Odent and associates [587] reported nine patients who underwent a two-stage 
procedure consisting of a posterior kyphectomy using lumbar pedicle screws and 
long, S-shaped rods buttressing the anterior sacrum and a thoracoabdominal 
approach to the spine, with an inlay strut graft from T10 to S1 as a second operation 
several weeks later. Kyphosis was corrected from a mean of 110° before surgery to 
15° afterward, with no instrumentation failure, loss of correction, or pseudarthrosis. 
The authors believe that this technique improves biomechanical and biologic fusion 
mass anteriorly and should prevent late instrumentation failure and loss of correc-
tion. Caution is advised, however. It is generally agreed that kyphectomy with 
instrumentation is a major surgical procedure, intraoperative blood loss is usually 
well in excess of 1000 mL, perioperative deaths have occurred, and postoperative 
complications, including skin breakdown, infection, loss of fixation, and recurrence 
of deformity, occur more frequently than after most other orthopaedic procedures 
[24, 148, 251, 286, 307, 392, 446, 462, 491, 498, 672, 800, 840].

 Scoliosis in Duchene Muscular Dystrophy
Scoliosis develops in nearly all children with Duchenne muscular dystrophy who 
are not treated with steroids, and becomes increasingly pronounced after the boy is 
nonambulatory [360, 704]. The use of corticosteroids in boys with Duchenne mus-
cular dystrophy is reducing the incidence and delaying the development of scolio-
sis. In a study comparing steroid treated patients with those not receiving steroids, 
20% of the treated boys required scoliosis surgery compared to 92% of those not 
treated. At 15  years’ follow-up, 78% of steroid treated patients avoided surgery 
compared to only 8% of the untreated cohort [416]. The spinal curves are classically 
neuromuscular: long and sweeping with pelvic obliquity. Thoracolumbar kyphosis 
is commonly present, but lumbar hyperlordosis may be seen in some boys. If left 
untreated, many curves progress beyond 90°. Such curves make it difficult for the 
child to sit comfortably and lead to skin breakdown because the muscle weakness 
interferes with the patient’s ability to relieve pressure during sitting [729].

Bracing has been tried but is not recommended in this patient population for 
several reasons. First, the goal of bracing is to prevent progression of the curvature, 
yet progression occurs in these patients despite bracing [113, 146, 198]. Second, 
bracing can impede full respiratory effort. Pulmonary function is already precarious 
in these children, with forced vital capacity (FVC) decreasing by approximately 4% 
each year and by another 4% for each 10° of thoracic scoliosis [402]. Because curve 
progression is the rule rather than the exception and because pulmonary function 
deteriorates rapidly when the patient is no longer able to walk, it is preferable to 
perform surgery earlier, when the child’s respiratory status is functionally better. 
Delaying surgery because of brace treatment may make any subsequent operation 
less safe as a result of the presence of pulmonary disease [647, 775, 776].

The indications for spinal fusion to correct scoliosis in patients with Duchenne 
muscular dystrophy are different from those for idiopathic scoliosis. Surgery is per-
formed once a curve reaches 30° and the patient is nonambulatory because curve 
progression is very likely and pulmonary function will deteriorate as the curve 
worsens [318, 729, 774, 775]. Mubarak and associates recommended surgery for 
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curves greater than 20° in children whose FVC is greater than 40% of normal [549]. 
Surgery is best tolerated before the patient’s FVC is less than 35% of age-matched 
normal values [525]. Although surgery has been performed successfully in children 
with more advanced pulmonary disease [490, 780], the risk for prolonged mechani-
cal ventilation (possibly requiring tracheostomy) and postoperative pneumonia 
increases. Use of noninvasive mask ventilation such as bilevel positive airway pres-
sure (BIPAP) has improved postoperative outcomes in patients with poor preopera-
tive pulmonary function (i.e., FVC <30%) [291]. Preoperative planning must 
include cardiac evaluation [702] and pulmonary function tests. Malignant hyper-
thermia has been associated with muscular dystrophies, particularly the Duchenne 
and Becker types. Use of succinylcholine and inhalational agents should be avoided 
during surgery [369, 411]. Intraoperative cardiac arrest [333], intraoperative ana-
phylaxis as a result of latex allergy [191], and complete airway obstruction because 
of tracheobronchial compression after intubation [652] have also been described in 
children with Duchenne muscular dystrophy. Hypotensive anesthetic techniques to 
minimize blood loss have been used in selected patients with Duchenne muscular 
dystrophy and mild scoliosis [105, 237].

Posterior spinal fusion with segmental pedicle screw fixation is currently favored 
by most surgeons because of improved curve correction and reduced blood loss in 
comparison to sublaminar wires [33, 284]. Historically, there was debate as to the 
need to extend the fusion to the pelvis. Mubarak and associates reported that for 
mild curves without preexisting pelvic obliquity, fusion to L5 was sufficient [549]. 
More recently, Sengupta and co-workers found that with smaller curves and no 
preoperative pelvic obliquity, fixation to L5 with lumbar pedicle screws and tho-
racic sublaminar wires prevented pelvic obliquity at a 3.5-year follow-up [695]. 
Most recently, all pedicle screw constructs to L5 have been shown to maintain cor-
rection of severe scoliosis with pelvic obliquity as long as L5 tilt measured less than 
15° preoperatively [780]. Alman and Kim are proponents of fusion to the pelvis in 
boys with Duchenne muscular dystrophy [22]. In a review of 38 patients with the 
pelvis fused to L5, worsening pelvic obliquity occurred in 10 patients, 2 of whom 
required further spinal surgery.

However, in clinical practice, most patients have preexisting pelvic obliquity at 
the time of treatment of the spinal curvature. Because one of the primary goals of 
the operation is to ensure a level pelvis for comfortable seating, most surgeons con-
tinue to fuse to the pelvis.

The effect of spinal fusion and correction of scoliosis on pulmonary function has 
been studied by a number of investigators. Most authors have found no difference in 
the rate of pulmonary deterioration or long-term survival between patients who 
underwent spinal fusion and those who did not, although all agree that surgery 
improves sitting [371, 521, 522, 702]. Conversely, Velasco and colleagues found 
that the rate of decline in pulmonary function was half the annual preoperative rate 
of decline in a group of 56 patients following posterior spinal fusion [818]. 
Additionally, an average perioperative decrease in pulmonary function of 1% has 
been reported, which should be considered in the preoperative assessment of the 
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patient [653]. Galasko and associates, on the other hand, found that children whose 
scoliosis was stabilized maintained better pulmonary function and lived longer 
[246, 247].

An often unanticipated complication of spinal fusion is the loss of ability to self- 
feed. Prior to fusion the patient is able to lean forward and downward against a table 
such that the table flexes his elbows and brings his hands to his mouth. After surgery 
the stiffness of the spine makes this impossible [325]. Devices such as mobile arm 
supports are useful to restore self-feeding functions [884].

The complication rate of spinal surgery in patients with Duchenne muscular dys-
trophy is a concern. Major complications occurred in 27% in one study [633]. 
During spinal fusion, loss of blood can be substantial [701]. Although the results of 
laboratory analysis of platelet function are normal, bleeding times may be increased, 
and blood vessel reactivity is impaired [578, 813]. Platelet adhesion has also been 
found to be deficient in boys with Duchenne muscular dystrophy [236]. Therefore, 
one should be prepared for the transfusion of several units of blood [843]. Intravenous 
administration of an antifibrinolytic medication such as tranexamic acid has been 
shown to decrease blood loss in this patient group [705]. Postoperative infection is 
not uncommon, and instrumentation failure can occur. Medical complications, such 
as pneumonia, also occur more frequently in this patient population. Miller and 
Hoffman noted pulmonary complications in 17% of 183 patients who underwent 
surgery [526]. Cardiac complications have been reported during anesthesia [333] 
and in the postoperative period [123]. Sudden death can occur on rare occasion in 
these children during the perioperative period [633].

Studies have shown that the families of children with Duchenne muscular dystro-
phy believe that the patients’ quality of life is enhanced by spinal fusion surgery 
[271, 633]. Without surgery, scoliosis interferes with comfortable sitting in a wheel-
chair, thereby deterring children from getting out into the community and forcing 
them into their beds during the terminal phase of the disease. Postoperative malnu-
trition has been documented in some of these children [325]. Families should be 
counseled about the serious risks associated with this surgery and the consequences 
if the surgery is not performed.

 Scoliosis in Spinal Muscular Atrophy
Spinal muscular atrophy (SMA) is a hereditary disease characterized by degenera-
tion of the anterior horn cells of the spinal cord and occasionally of the motor neu-
rons of the cranial nerves (cranial nerves V through XII). The classic infantile form 
of SMA was first described by Werdnig in 1891 [848]; the less severe form was 
described by Kugelberg and Welander much later, in 1956 [397]. SMA manifests 
with progressive hypotonia and weakness involving the lower extremities to a greater 
degree than the upper extremities and the proximal muscles more than the distal. 
Sensation is normal, as is intelligence. The incidence of SMA is approximately 1 in 
15, 000–20, 000 live births [93], and the prevalence of the carrier state is 1 in 80.

Spinal muscular atrophy is caused by deletions or mutations in the Survival 
Motor Neuron 1 (SMA) gene. This results in lack of production of sufficient 
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survival motor neuron protein which is essential for spinal cord motor neuron sur-
vival and function [223]. The disease severity depends on the amounts of normal 
SMN protein translated by the backup SMN2 gene, which usually excludes exon 7 
and therefore produces too little functional SMN protein. A therapeutic drug, nusin-
ersen, is now available to treat patients with SMA. It is an antisense oligonucleotide 
delivered intrathecally which binds repressive sites within SMN2 exon 7 resulting 
in increased inclusion of exon 7 with SMN2. This results in increased production of 
functional SMN protein [223].

Spinal muscular atrophy is usually inherited in an autosomal recessive pattern. 
It is the second most common disease inherited in this manner to affect children, 
after cystic fibrosis [93]. The genetic locus for SMA has been identified on chro-
mosome 5q [93]. At this 5q locus, two genes have been identified: the gene for 
neuronal apoptosis inhibitory protein (NAIP), which is present in 67% of patients, 
and the survival motor neuron (SMN) gene, which was found to have deletions in 
more than 98% of SMA patients [93, 422]. A less common form of the disease is 
inherited in an autosomal dominant pattern, and its genetic locus is on 5q13 [81, 
848]. With molecular genetic technology, first-trimester prenatal diagnosis is now 
possible [449, 868].

Spinal muscular atrophy is an extremely heterogeneous condition, with a wide 
variety of clinical manifestations. Classification systems have been developed pri-
marily for prognostic value. The Byers and Banker classification is the one used 
most often [106, 107]. It defines three different types of SMA—type I, acute infan-
tile SMA or Werdnig-Hoffmann disease; type II, chronic infantile SMA; and type 
III, a milder form, also known as Kugelberg-Welander disease. These types are 
genetically similar but differ in age of presentation and clinical course. As a rule, the 
younger the age at disease onset, the worse the prognosis.

Scoliosis is universal in nonambulatory patients with SMA and is prevalent 
in children with the Kugelberg-Welander form of the disease as well. Granata 
and associates found that all but one of their patients with the infantile form of 
SMA developed scoliosis; the mean age at which a curve was discovered was 
4  years 4  months [272]. All patients with mild SMA who lost the ability to 
ambulate also developed scoliosis, although at an older age, 9 years 10 months. 
Of 19 ambulatory patients, 12 developed scoliosis while able to walk, but the 
curves tended to progress more slowly than in sitting patients. Others have had 
similar findings [209].

Long sweeping curves are most common in SMA, with a predominance of tho-
racolumbar curves. Kyphosis is present in association with scoliosis in approxi-
mately 30% of patients [272]. Despite the often large magnitude of the curves, they 
are more flexible than those seen in typical idiopathic scoliosis; however, they prog-
ress more rapidly.

Nonoperative treatment of scoliosis in SMA is difficult. Orthoses make sitting 
easier, but they are ineffective in preventing curve progression or altering the need 
for surgery [209, 272, 516]. Curves in nonambulatory patients were found to 
increase at a rate of 8°/year, despite brace use [516]. Respiratory function may be 
significantly depressed in patients with severe SMA, and rigid orthoses can further 
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tax their compromised respiratory status. Seating systems that support flexible 
curves are usually better tolerated than rigid orthoses [30]. A soft, custom-made 
thoracolumbosacral orthosis may be tolerated in young children with flexible curves 
between 20° and 40° to allow growth before definitive instrumentation and 
fusion [92].

The indications for surgical treatment are progressive spinal deformity despite 
orthotic management, with a curve magnitude greater than 50–65°. A frank discus-
sion among the family, surgeon, and neurologist should occur before the decision is 
made to proceed with surgery. If a patient is being treated with an intrathecal drug, 
planning for intrathecal access should be included in the surgical preparation. 
Preoperative traction is an excellent way to increase the flexibility of the spine while 
also improving pulmonary function [30, 616].

Posterior spinal fusion with segmental spinal instrumentation is the treatment of 
choice for scoliosis in patients who can tolerate surgery. Fusion should include the 
entire thoracic and lumbar spine and should extend to the pelvis. The goal of surgery 
is to obtain a balanced trunk over a level pelvis to facilitate comfortable seating. In 
young patients with tenuous pulmonary status, the risks of anterior surgery should 
be discussed thoroughly with the neurologist and pulmonologist and carefully 
weighed against the risks of crankshaft [1]. Recently there have been reports of the 
successful use of growing rod techniques to manage young patients with severe 
spine deformity [126, 501]. Although these reports are encouraging, it is important 
to weigh the burden of multiple operations with a high likelihood of complications 
associated with growing rods against the good results reported with single-stage, 
definitive surgery.

Although curve correction and stabilization can be achieved through spinal 
arthrodesis, the tradeoff is a possible decline in the ability to carry out ADLs. 
Specifically, the rigid and upright spine creates difficulty in self-feeding, drinking, 
and self-hygiene because the patient cannot bring his or her hands up to the face 
because of upper extremity proximal muscle weakness [92, 209]. Most studies, 
however, report patient and family satisfaction and a willingness to choose the sur-
gery again if faced with that decision [30, 89]. Patients most at risk for losing func-
tion are those who are weakest preoperatively [245]. In general, an improved 
outcome was seen in sitting balance, cosmesis with respect to trunk position, and 
overall quality of life; intermediate to good outcomes were seen with regard to pul-
monary status, pain, and self-image. Counseling patients and their families before 
surgery is essential. Occupational therapists should evaluate the children for the 
appropriateness of adaptive equipment following surgery.

There are conflicting reports in the literature regarding the effect of scoliosis 
surgery on pulmonary function. There is agreement that a decline in respiratory 
status correlates with an increasingly severe scoliosis [657]. Some authors have 
found that respiratory parameters improve after spinal arthrodesis [657], whereas 
others have found a continuous decline in pulmonary function [30, 616]. Nonetheless, 
aggressive pulmonary care must be provided perioperatively to avoid respiratory 
complications such as pneumonia and the need for prolonged mechanical 
ventilation.
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Scoliosis in an ambulatory patient poses a treatment dilemma. Up to 50% of 
walking patients develop scoliosis. Often, lumbar lordosis and pelvic motion com-
pensate for the proximal muscle weakness of the lower extremities and are essential 
to the gait in these patients. Because the ability to walk may be lost in some patients 
after spinal arthrodesis [209, 245], surgical treatment of scoliosis should be delayed 
when reasonable in ambulatory patients [703].

 Scoliosis in Neurofibromatosis
Scoliosis is the most common skeletal manifestation of neurofibromatosis [155, 
156, 379, 809]. It can be either nondystrophic or dystrophic, depending on accom-
panying abnormalities specific to this disorder [112, 156, 242, 379, 406, 588, 721, 
849]. Differentiation between the two types is important because the prognosis and 
management differ significantly. Dystrophic scoliosis is more common, has a 
greater tendency to progress, and includes a subgroup of patients (those with severe 
kyphoscoliosis) at risk for neurologic deficits [721]. Nondystrophic scoliosis more 
closely resembles idiopathic scoliosis in both curve patterns and behavior. It is now 
recognized that nondystrophic curves in younger children can modulate into the 
more worrisome dystrophic type over the course of several years [156]. The overall 
modulation rate is 65% but varies depending on the age at which scoliosis clinically 
presents. Modulation occurs in 81% of NF-1 patients with scoliosis before age 
7 years, and 25% of those after the age of 7 years.

Nondystrophic Scoliosis
The nondystrophic scoliosis is similar to idiopathic scoliosis in clinical appearance, 
radiographic findings, and behavior of the curve. However, nondystrophic deformi-
ties usually become apparent at an earlier age than idiopathic curves and have a 
slightly higher likelihood of progressive deformity and over time, some nondystro-
phic curves evolve or “modulate” into dystrophic curves. Management of nondys-
trophic curves is similar to that for idiopathic scoliosis. Curves less than 25° can be 
observed closely without active intervention. Brace treatment appears to be effec-
tive for skeletally immature individuals with curves between 25° and 40° [379]. 
However, once the nondystrophic curves of neurofibromatosis exceed 40°, posterior 
spinal fusion with instrumentation is recommended.

Dystrophic Scoliosis
In dystrophic scoliosis, short (4–6 spinal levels), sharply angled curves develop at 
an early age, often as young as 3 years. Radiographic features that help differentiate 
dystrophic from nondystrophic curves include vertebral scalloping, spindled trans-
verse processes, severe apical vertebral wedging and rotation, foraminal enlarge-
ment, deficient pedicles, penciling (narrowing of the proximal portion) of the ribs, 
the presence of paravertebral soft tissue lesions, and rarely, subluxation between 
vertebral bodies. Some of these findings may result from direct erosion of the bone 
by intraspinal neurofibromas, paraspinal neurofibromas, or dural ectasia. Dural 
ectasia is an expansion in the width of the thecal sac thought to be due to an increase 
in hydrostatic pressure.
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Fortunately, most dystrophic curves are not accompanied by an excessive amount 
of kyphosis [721]. Individuals with this combination have significant potential for 
the development of neurologic deficits. Kyphosis may occur in one of two ways. An 
abrupt angular kyphosis may be present in the very early stages of the deformity, or 
a more gradual kyphosing scoliosis might result from progression and rotation of 
the scoliosis (Fig. 28.14) [242].

Once kyphosis is established, prompt combined anterior and posterior spinal 
fusions are required.

Nonoperative management of dystrophic scoliosis is almost always unsuccess-
ful. These curve patterns need early and aggressive surgical intervention, even in a 
young child. Delay leads only to progressive deformity, which may be as rapid as 8° 
per year in the frontal plane and 11° per year in the sagittal plane [112]. Most 
patients exhibit marked progression before 10 years of age, and severe deformity 
can be seen before the adolescent growth spurt. Characteristics of dystrophic scolio-
sis that correlate with excessive risk for progression include early age at onset, a 
high Cobb angle at the time of initial evaluation, and the presence of vertebral scal-
loping, penciling of multiple ribs, and apical vertebral rotation exceeding 11° 
(Perdriolle measurements [612]) [242].

Before surgery, a thorough neurologic examination is essential to identify any 
subtle abnormalities. MRI and CT should always be performed [809]. MRI may 
demonstrate neurofibromatosis lesions in the neck, thorax, paravertebral region, 
neural foramina, or spinal canal. Chiari I malformations, dural ectasia, pseudo-
meningoceles, and spinal cord compression (secondary to localized kyphosis, rib 
impingement, or a mass effect from neurofibromas) [34, 167, 250, 376, 378, 471, 
631, 808, 810]. CT demonstrates scalloping of the vertebral bodies anteriorly, ero-
sion of the posterior portion of the vertebral body or lamina from dural ectasia, and 
the presence of ribs within the spinal canal [1, 110, 811, 837, 881]. Three- 
dimensional CT reconstruction is invaluable in clarifying the anatomy of severe 
deformities and is helpful in preoperative planning.

Posterior spinal fusion with instrumentation alone can be used for certain patients 
with dystrophic curves between 20° and 50° (perhaps even greater) and kyphosis of 
less than 50° (no sharp angulation). Because the risk for pseudarthrosis is higher 
than that in the idiopathic scoliosis population, consideration should be given to 
performing imaging studies (tomography) 6 months after surgery. If the fusion mass 
appears inadequate, repeated bone graft augmentation may be necessary.

Anterior fusion in addition to posterior fusion is needed for most patients with 
dystrophic curves [290, 393, 605, 718, 785]. The combination of anterior and pos-
terior fusion increases the likelihood of successful fusion. Longer fusions are gener-
ally indicated, even in young patients. Curve progression can occur in patients with 
neurofibromatosis, even in those with a solid arthrodesis [849].

Severe kyphoscoliosis absolutely requires anterior fusion in addition to posterior 
fusion. Thorough anterior diskectomy, bone grafting, and rib (or tibia) strut graft 
placement are needed. In some patients with exaggerated kyphosis, the apical rota-
tion may be so severe that the vertebral body faces posterolaterally. With this defor-
mity, placement of the strut graft can be extremely difficult, and the anterior 
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Fig. 28.14 Clinical and radiographic representation of scoliosis associated with neurofibromato-
sis. Radiographically the curve is short, sharp and kyphotic. Clinically note the café au lait spots
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approach to the spine may need to be undertaken from the concave side. Vertebral 
body erosion secondary to intrathoracic neurofibroma or dural ectasia can also sig-
nificantly interfere with anterior exposure and fusion. Dysplastic posterior elements 
limit the ability to achieve strong posterior internal fixation. Despite meticulous 
attempts at anterior and posterior fusion, pseudarthrosis is a significant concern 
[156, 721, 862].

Excessive kyphosis is the most frequent cause of neurologic deficits in patients 
with neurofibromatosis and spinal deformities. This can occur in either the thoracic 
or cervical spine [304, 367]. Should a neurologic deficit be present, VCR in the 
thoracic region may be needed to decompress the spinal cord [752]. Laminectomy 
for spinal cord decompression or prophylactic laminectomy for kyphoscoliosis 
should be avoided because it destabilizes the spine, increases the kyphosis, removes 
bone stock needed for successful posterior fusion, and most important, does not 
relieve the anterior compression on the spinal cord. Neurologic deficits can also 
result from cord impingement by neurofibroma lesions within the spinal canal [28, 
617]. Differentiation of neurofibroma impingement from kyphotic impingement is 
required to correctly address the problem surgically. MRI can help clarify the 
situation.

 Scoliosis in Marfan Syndrome
Marfan syndrome, one of the more common connective tissue disorders, has a 
0.01% prevalence in the general population [741]. Scoliosis is the most common 
spinal deformity in this condition, with a prevalence approaching 63% [654, 655, 
741, 781]. In addition, 6% of patients with Marfan syndrome have spondylolisthe-
sis. Although Marfan syndrome is an autosomal dominant disorder, no familial pat-
tern of scoliosis has been identified.

The curve patterns seen in Marfan syndrome are similar to those seen in idio-
pathic scoliosis, although Marfan syndrome has a slightly higher rate of triple 
curves and thoracolumbar curves [71]. Scoliosis is equally distributed between 
males and females, in contrast to the female preponderance in idiopathic scoliosis.

Back pain is more frequent in patients with Marfan syndrome than in the general 
population. However, no significant difference in back pain between patients with 
scoliosis and those without has been noted. Back pain is associated with the pres-
ence of dural ectasia, a finding that is more common in those with Marfan syndrome 
than in the normal population [13, 14, 217, 281, 518, 740].

No well-defined natural history studies of scoliosis in patients with Marfan syn-
drome exist, although certain trends are evident. Curves identified in infancy prog-
ress dramatically [743]. These curves do not resemble the curves of infantile 
idiopathic scoliosis in that they are not expected to resolve spontaneously and are 
largely right thoracic in configuration. In older but still skeletally immature patients, 
all curves greater than 30° will probably progress at least 10° and will reach at least 
40° by maturity.

Unfortunately, brace treatment is not effective in controlling scoliosis in Marfan 
syndrome [69, 172, 400, 741, 743, 853], with a reported success rate of just 17% 
[740]. Most skeletally immature patients (Risser grade 2 or less) with curves 
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exceeding 25° will reach the stage at which surgery is necessary, even with brace 
treatment. In infants, curves almost always progress to the point of needing opera-
tive intervention. Nevertheless, bracing curves less than 40° in infants may be a 
useful technique for postponing surgery. Bracing in older children may also be tem-
porarily beneficial in that it may allow sufficient maturity to be gained that only 
posterior surgery is needed.

Spinal stabilization for scoliotic deformities is indicated when the magnitude of 
the curve exceeds 45° in adolescents or 50° in adults. Because of an increased risk 
for atlantoaxial rotatory instability, special attention to intubation and positioning, 
both intraoperatively and postoperatively, is necessary [306]. The spinal procedure 
of choice is posterior spinal fusion with segmental instrumentation [176, 352, 400, 
439, 627, 853]. When compared with idiopathic scoliosis, patients with Marfan syn-
drome will have atypical curve patterns; require more levels of surgical correction, 
more distal fusion, greater correction of sagittal balance, and more reoperations; 
and have more cerebrospinal fluid leaks and instrumentation-related complications 
[172, 259, 260, 349]. Patients with Marfan syndrome tend to have a higher inci-
dence of pseudarthrosis, although its true incidence is unknown [349, 400]. A higher 
incidence of perioperative complications, including increased blood loss, infection, 
and curve decompensation, has been reported [349].

Relative contraindications to performing corrective surgery for spinal deformity 
in patients with Marfan syndrome include cardiac insufficiency and a dissecting 
aortic aneurysm. These conditions should be treated before orthopaedic interven-
tion is undertaken. Splenic rupture has been reported following posterior spinal 
instrumentation [139].

Early-Onset Scoliosis
Early-Onset Scoliosis is defined as scoliosis of any etiology diagnosed prior to age 
10 years [724]. Children presenting with significant scoliosis prior to the age 6 are 
at high-risk for thoracic insufficiency syndrome [116], defined as an inability of the 
thorax to support normal respiration and lung growth. In managing these patients, 
the emphasis is on controlling the spine deformity while maintaining growth of the 
spine and thorax to promote increased lung volume throughout the critical first 
decade of life. Because of the multitude of etiologies with varying co-morbidities 
and natural histories, the C-EOS classification system (Fig. 28.15) has been devel-
oped and validated [850] to help generate prognostic details and guide care for this 
challenging and potentially lethal condition.

Scoliosis Effect on Respiratory Function
Respiratory failure from untreated scoliosis presenting before 5–8 years of age has 
been documented for at least 3 decades [87, 273, 716]. Untreated Swedish patients 
with infantile (0–3 years) and juvenile (4–9 years) onset were found to have a sig-
nificant increase in observed mortality in comparison to the general population; in 
contrast, patients with adolescent (older than 10 years) onset had the same mortality 
rate as the general population [610]. Not surprisingly, the magnitude of the scoliosis 
also plays a role in the demise of untreated patients: untreated curves greater than 
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Age

Continuos
Prefix

Etiology
Major
Curve
Angle

Congenital/
Structural

neuroMuscular

Syndromic

Idiopathic 4: >90°

3: 51-90°

2: 20-50°

1: <20°

Kyphosis

(-): <20°

N: 20-50°

(+): >50°

APR
Modifier

P0: <10°/yr

P1: 10-20°/yr

P2: >20°/yr

Fig. 28.15 EOS classification. (From Williams et al. [850])

70° result in a higher mortality [610]. In a Scottish study of children with infantile 
idiopathic or congenital curves, a decrease in vital capacity was directly correlated 
with increasing deformity, whereas in adolescent-onset deformity, vital capacity 
was not effected by an increasing Cobb angle [551]. The combination of onset 
before 6 years and a curve over 100° can produce respiratory failure as early as the 
third decade [716]. The source of the respiratory failure is twofold: diminished lung 
volume and impaired chest wall function.

Lung Volume
Alveolar hyperplasia has traditionally been considered the main source of lung 
growth until age 8, at which point hypertrophy takes over to increase volume until 
maturity [640]. The volume necessary for this hyperplasia and hypertrophy to occur 
comes from the growth of the thoracic cage. Thoracic volume depends on the length 
of the T1-12 segment, as well as thoracic coronal width and sagittal depth provided 
by the rib cage. The length of the thoracic spine increases by 50% (from 12 to 
18 cm) from birth to 5 years of age [183], achieving 60% of the adult spine length 
in the first 5 years. The circumference (coronal width and sagittal depth) of the tho-
rax doubles in size after age 10 [183].

The traditional method of halting curve progression is spinal fusion. However, in 
a young child fusion can impair the growth of the entire thorax (depending on the 
age at which the fusion is performed and the number and location of segments 
fused) and has the potential to produce thoracic insufficiency [114].

Impaired Chest Wall Function
Scoliosis produces rib and chest wall deformities that decrease compliance and dis-
turb respiratory function [60, 114]. In non-congenital deformities, the rib deformity 
secondary to the scoliosis produces inefficient respiration. The intercostal spaces on 
the concave hemithorax are narrowed and unable to expand – a restrictive condition. 
Meanwhile, the convex hemithorax has widened intercostal spaces that cannot gen-
erate normal expiratory function [350]. In congenital scoliosis, patients have been 
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found to have decreased vital capacity relative to idiopathic curves of the same 
magnitude, presumably as a result of concomitant rib anomalies producing addi-
tional chest wall dysfunction [596]. When fusion “in situ” is performed at an early 
age, without sufficient correction of the spine and/or chest deformity, the pulmonary 
function is poor [267, 361, 827].

Thus, it is important to understand the goals in treating young children with large 
or progressive spinal deformities. Volume and compliance are important. A shorter 
spine without deformity may be the best outcome that can be expected [348]. 
Although it is important to avoid fusion of the thoracic spine, especially the proxi-
mal segments, before 5 years of age, it is also important to control and correct the 
deformity. It is the combination of progressive deformity without growth which is 
potentially lethal. The goal must be to control the spinal deformity without imped-
ing thoracic growth, attempting to prevent the development of thoracic 
insufficiency.

 Treatment

Non-operative/“Delaying Tactics”
Attempting to delay definitive spinal fusion until 8–10 years of age by non- operative 
means is the first approach in a patient at risk for thoracic insufficiency. If fusion can 
be delayed until 10 years of age, the need for anterior fusion may be avoided [345]. 
If it is not possible to delay until a definitive fusion can be performed, we work 
aggressively to delay initiation of “growth friendly” surgical techniques as long as 
possible, ideally not before 4 or 5 years of age.

Bracing
Bracing is often the first treatment for non-congenital deformities if the patient has 
no coexisting conditions where a brace would adversely affect respiratory function 
by circumferential chest or abdominal compression. Although bracing efficacy is 
difficult to define or prove by the standard criteria of success, orthotic management 
can be considered successful if progression is prevented for several years, thereby 
delaying any surgical management until the child is older.

When using a brace in a child younger than 5 years, it is important to monitor for 
brace-induced deformities on rib cage or obliteration of normal sagittal contours 
(lumbar hypolordosis and thoracic hypokyphosis). Iatrogenic rib and sagittal spine 
deformities should not add to the existing deformity. A well-fitted orthosis is gener-
ally accepted by children younger than 6; poor acceptance often indicates poor 
brace fit, which may be due to progression and/or increased rigidity of the deformity.

Casting
Serial casting is frequently used in the non-operative management of EOS with the 
goal of curing young patients with small curves and delaying operative treatment in 
older patients with larger curves. The cast must be applied under general anesthesia 
on a special casting table, with neck halter and pelvic strap to apply traction 
(Fig. 28.16).
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Fig. 28.16 Intraoperative photographs of a patient at the conclusion of the application of a Mehta 
cast. Note the cervical and pelvic traction and the window was cut into the cast

Casting complications include pressure sores, especially in patients who are not 
cognitively normal. For this reason, casting may be relatively contraindicated in 
such patients [513, 671].

Mehta reviewed a 20-year experience of treating infantile-onset, non-congenital 
scoliosis with serial casts [513]. and reported that 69% (94/136) of patients obtained 
“full” correction (curve <10° at maturity) when treated aggressively (mean age 
19 months with an average curve of 32° pre-casting) Patients who started treatment 
later (mean age 30 months) with larger curves (52°) did not gain the same correc-
tion, but their deformities did not progress (46°) at follow-up. Her protocol required 
cast changes under anesthesia every 2–3 months in children younger than 2 years, 
with a minimum of 5 casts. The goal was to achieve a straight spine, at which time 
the patient was switched to a brace. Children older than 2  years required cast 
changes every 3–4 months. Older children demonstrating “recurrence” were placed 
back in a cast for 4 months to “re-correct” the deformity before continuing with 
bracing. Mehta’s important contribution was to demonstrate that serial casting in 
young children (even infants), if pursued appropriately, can “cure” the deformity 
over a long follow-up period. Similar experience with casting has also been reported 
by others – some with less remarkable results [294, 332, 681].

In our practice, casting is also a valuable method to delay surgical intervention in 
curves near surgical magnitude. As a curve increases in severity and stiffness, brac-
ing may no longer be tolerated. A series of casts applied under anesthesia can pro-
vide significant curve correction, improve the flexibility of the spine, and permit 
resumption of brace wear. Fletcher reported the TSRH experience treating thoracic 
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curves averaging 69° in 4 year-old patients, with correction to 39° during casting 
and delaying surgery 39 ± 25 months [226]. A multicenter study reported similar 
results – 27 patients with average curves of 65° had surgery delayed 1.7 years by 
casting [347].

Traction
We have found halo–gravity traction (HGT) to be a valuable tool in managing 
patients with EOS as it achieves deformity correction in both coronal and particu-
larly the sagittal plane and, indirectly, improves respiratory mechanics [407, 720]. 
The technique was originally described by Stagnara [748] and later demonstrated to 
TSRH staff by Zielke after a visit to the latter’s clinic in Germany in 1984. A halo is 
first applied with six to eight pins and the child under general anesthesia [548, 720]. 
Experience has shown that using more pins actually decreases the chance of pin 
infection/loosening for any single pin. Pins are tightened to a torque of one-foot 
pound per year of age of the child (for example, a 4-year-old patient’s pins are tight-
ened to 4 foot-pounds). Traction is achieved via a bale on the halo which is con-
nected to a spring based dynamic traction device attached to a wheelchair or walker 
(Fig. 28.17).

Fig. 28.17 Clinical 
photograph of a patient in 
halo gravity traction. Note 
the multiple pins in the 
halo and the spring 
containing device that 
allows the patient to 
increase or decrease the 
traction
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Traction is initiated at 5–10 lb and increased in weight and duration (with careful 
neurologic monitoring) over 10–14 days to a goal of 50–80% of body weight (up to 
50 pounds) and 10 hours a day sitting and 4 hours walking. The traction is increased 
to the point the patient’s buttocks are lifted slightly off the wheelchair seat while 
sitting; the patient should be up just on tiptoes in the walker. In response to pain or 
neurologic symptoms, the patient can automatically relieve the traction by pushing 
up on the arms of the wheelchair or walker. All patients need careful neurologic 
assessment twice daily while traction is being increased. It is important to assess all 
cranial nerves, including the 11th nerve for trapezius strength (shoulder shrug). 
Lower extremity strength and reflexes are also monitored. In our most recent review 
of 107 cases, there were four traction-related complications: one patient with a pin 
site infection necessitating pin exchange; another patient with hyperpyrexia that 
resolved with cessation of traction; a third developed incontinence and tremors felt 
to be associated with HGT as it resolved with traction cessation; and a fourth patient 
fell and dislodged pins on their halo, necessitating pin revision [407]. We have also 
encountered an 11th nerve palsy in a patient with myopathy, where the palsy was 
only discovered after traction was discontinued with insertion of growing rod instru-
mentation. The ability to mobilize patients with weakness, osteopenia, and respira-
tory compromise during the traction period is invaluable in preparing them for 
surgery. Nutritional support, often via g-tube, is an important part of the preopera-
tive preparation that should also be addressed while the patient is in HGT. We have 
used HGT to mobilize the spine prior to casting or bracing, prior to growth friendly 
or definitive surgery and, in a few isolated cases, as definitive treatment for patients 
with severe curves and medical fragility (up to 9 years).

Operative Treatment

Instrumentation Without Fusion: Growing Rod Instrumentation (GRI)
In 1978 Moe introduced the technique of subcutaneous single Harrington “growing 
rod instrumentation” for the management of early-onset scoliosis [536]. With this 
technique the spine is exposed subperiosteally only at the end vertebrae, hoping for 
continued growth of unexposed intercalary segments after distraction between end 
vertebral anchors (hooks in this initial report) and the patient returns to the operat-
ing room at six moth intervals for repeated lengthening/distraction of the overlap-
ping rods. Moe reported that in the early cases, the apex of the curve remained 
unfused until the definitive fusion whereas the end vertebrae uniformly fused spon-
taneously [536]. Subsequent reports showed that the intercalary segments anky-
losed even though they were never actually exposed [8], and decreasing effectiveness 
of repeated distractions resulted in little additional correction of the stiffened spine 
[390, 787]. The amount of lengthening achieved was modest (1.2–3.1  cm) with 
complication rates ranging from 11% to 30%.

In an effort to improve the outcome with “growing” instrumentation, dual-rod 
subcutaneous instrumentation was introduced. The second rod provided better sta-
bility (eliminating the need for long-term bracing) and decreased the amount of 
crankshaft [16, 355]. Early results in non-congenital cases confirmed these 
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advantages along with an increase in T1-S1 length of 5 cm at the initial procedure 
and an additional 4.6 cm in serial lengthening. No improvement in Cobb angle fol-
lowing the original distraction occurred, but correction of around 40% was main-
tained [794]. However, patients with preoperative hyperkyphosis (>40°) continue to 
be poor candidates for growing rod instrumentation because of the increased likeli-
hood of failure of the proximal anchors, rod fractures and the biomechanical inef-
ficiency of correcting kyphosis by distraction [689]. In these patients preliminary 
treatment with halo traction may reduce the kyphosis and facilitate successful GRI.

Two decades of experience with of GRI has resulted in improved understanding 
of the importance of proximal anchor density. Five or more proximal anchors, (ped-
icle screws, sublaminar wires or tapes or and hooks on spine or ribs) or a construct 
length/proximal anchor ratio <3.5 significantly protects against upper anchor migra-
tion and failure [315, 828]. Despite these advances, complications associated with 
GRI, including anchor and rod failure, wound problems [64, 841, 883], spontaneous 
ankyloses [109, 234] and the “law of diminishing returns” [685] remain prevalent.

The only study of pulmonary and functional outcomes of GRI patients who have 
completed treatment was published in 2017 from TSRH [348]. Twelve patients 
were evaluated some 3 years following final fusion or at least 2 years since the most 
recent lengthening if simply being observed. Radiographic outcomes were quite 
satisfactory – nearly 47% correction of Cobb angle, an average of 9 cm increase in 
T1-12 length and over 1 liter of absolute lung volume gained via a mean of 10 pro-
cedures (average 7 lengthenings and 2 revisions). However, in terms of spine height 
and pulmonary function, they were <5th percentile around 50% predicted, similar 
to the values at the beginning of treatment. Even with these modest results (patient 
parameters were not improved but simply maintained), patients were as active in 
daily movement as controls (measured by a step-activity monitor) and during tread-
mill exercise, subjects walked and reached age-specific heart rate targets the same 
as controls. It appears that a realistic long-term goal of early-onset scoliosis treat-
ment is to maintain spine elongation and pulmonary function no worse than at the 
initiation of treatment. Equally important in this series were patient – reported out-
comes (SRS-30, EOSQ-24), which documented impairment in general health and 
physical function scores. Interestingly, in comparison to reports administered to 
patients still undergoing treatment, these patients who were 2–3  years removed 
from treatment were clearly better, suggesting that the graduates were reporting 
improved quality of life after the 2–3 year hiatus from their most recent surgery 
[151, 186] (Fig. 28.18a–h).

Magnetic Controlled Growing Rod (MCGR)
The development of a magnetically controlled growing rod (MCGR) by Ellipse 
technologies (Irvine, CA) is the most recent advance in the treatment of EOS as it 
allows rod lengthening without a surgical procedure. Available outside the US since 
2009, the device was approved by FDA in 2014. The device is a titanium rod with 
an actuator section containing a magnet-driven distraction-retraction mechanism. 
When the magnet in the actuator is rotated by a hand-held controller placed over the 
patient’s back; the rod housed within the actuator can be advanced (or retracted). 
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Fig. 28.18 (a) PA and lateral radiographs of an 18-month-old with idiopathic scoliosis. Despite a rib 
vertebral angle difference of 30° the family elected observation rather than Mehta casting. (b) The curve 
progressed and Mehta casting was initiated. (c) Casting and bracing were utilized as “delaying tactics” 
for 2.5 years. At 5 years of age halo gravity traction was initiated. (d) PA and lateral standing radio-
graphs following placement traditional growing rods after 2 months of traction. (e) After four lengthen-
ings the proximal pedicle screw anchors have migrated posteriorly. (f) The proximal anchors were 
revised in the traditional growing rods exchanged for magnetically controlled rods. The patient is 
8 years of age. (g) Between the ages of 8 and 14 the patient underwent 14 Magic lengthenings. Note the 
extension of the rods and the posterior migration of the proximal anchors and the development of a 
proximal junctional kyphosis. (h) The magnetically controlled rods were removed and the patient 
underwent definitive fusion at 14 years of age. Note the correction of the sagittal plane deformities with 
correction of the proximal junctional kyphosis, restoration of thoracic kyphosis and lumbar lordosis

a

b
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c

d

Fig. 28.18 (continued)
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e

f

Fig. 28.18 (continued)

28 Scoliosis in Children



622

g

h

Fig. 28.18 (continued)
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The critical feature of this device is that the actuator portion (70 or 90 mm) cannot 
be contoured, and so all necessary contouring for implantation – usually in the sag-
ittal plane  - must occur outside the actuator zone. Patient selection for MCGR 
becomes critical because there are cases of severe convex rib hump deformity, or 
hyperkyphosis, where a perfectly straight, non-contourable segment 7 or 9 cm long 
is difficult if not impossible to implant.

Contraindications to MCGR), besides kyphotic deformity which cannot be 
accommodated, include patients with implanted pacemakers or cardioverters and 
those requiring serial MRI. The latter is a relative contraindication in that if the area 
of interest is remote from the spine, then there will be little image degradation by 
the magnetic devices. However, for patients needing high resolution MRI for spinal 
cord surveillance for intradural or spinal canal pathology, the image degradation by 
the magnetic rod is too extended over a long segment, and MCGR should be 
avoided [96].

Because experience with the MCGR is limited by its abbreviated time of avail-
ability, reported results of treatment are equally limited. Cheung in Hong Kong 
published the initial report in 2012 in five patients who underwent monthly outpa-
tient lengthenings, gaining 57% curve correction and 30 mm of T1-12 length gain 
in 2  year follow-up [135]. Akbarnia reported the “next generation” of growth- 
sparing technique by assembling a European and Middle Eastern series and deter-
mined that dual MCGR’s were more effective than single rods [15]. A comparison 
between traditional growing rod instrumentation (TGR  =  GRI) and MCGR’s in 
2014 showed that curve corrections were similar, that TGR patients gained more 
length, but required 73 surgeries (including revisions) to do so while MCGR) 
patients had only 16 surgeries (including revisions) and 137 outpatient lengthen-
ings. Although complication rates were similar, the most striking finding of this 
early study was that the spine length obtained by MCGR constructs was only one- 
third of that gained by TGR over the T1-S1 segment, and was only one-seventh of 
that gained by TGR between T1 and T12 [12, 17, 417]. Unquestionably the ideal 
patient for MCGR implantation is a hypokyphotic curve or a neuromuscular patient 
for whom recurring anesthesias would be undesirable.

Expansion Thoracoplasty with VEPTR
In 1987, faced with what appeared to be untreatable scoliosis in a 6-month-old 
infant with absent ribs and flail chest who was respirator dependent and could not 
be weaned, Campbell and associates [114] implanted a “chest wall prosthesis” 
made of vertically oriented Steinmann pins wired to the vestigial ribs. Not only was 
the child subsequently weaned from the respirator, but the scoliosis was signifi-
cantly improved by the rib distraction produced and maintained by the pins. To deal 
with the new problem of how to continue treatment as growth inevitably occurred, 
an expandable rib prosthesis was required. Thus, the concept of expansion thoraco-
plasty by rib distraction was born. This led to the development of a unique pros-
thetic rib implant—the vertically expandable prosthetic titanium rib (VEPTR). The 
current device (VEPTR II) is essentially two curvilinear sleeves sliding one within 
the other, the device can be sequentially expanded to produce an opening wedge 
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correction of the scoliosis from the concavity while providing chest wall stability 
for flail segments and volume expansion of the hypoplastic thorax in a patient with, 
for example, fused ribs. The device includes anchors on ribs via “cradles” capturing 
one or two consecutive ribs and has spine anchors consisting of hooks, screws, or an 
“S” rod for use on the iliac crest. Concomitant growth of the spine has been docu-
mented, even in patients with congenital unsegmented bars in whom previously it 
was assumed that growth of the concavity was impossible [114].

The expansion thoracoplasty technique has revolutionized the treatment of young 
children with congenital scoliosis and chest wall abnormalities, such as fused ribs. 
Formerly treatment of these children emphasized stopping the progressive defor-
mity by early spinal fusion, but as discussed earlier, the pulmonary cost of an early 
fusion has been well documented, with follow-up studies identifying thoracic insuf-
ficiency syndrome because of lack of growth of the thorax [114, 165, 267, 361].

The ability to lengthen the thoracic spine and simultaneously correct the scolio-
sis without performing surgery on the spine itself is proposed as the major advan-
tage of the expansion thoracoplasty technique and eventually became the justification 
for expanding the indications for VEPTR) use to non-congenital deformities.

Although parameters of thoracic cavity volume, such as coronal thoracic width 
and sagittal depth of the thorax [114] have been increased by the technique [35], 
actual improved pulmonary outcomes have been difficult to document, in part 
because of an inability to test young patients preoperatively. Since correlation 
between increases in anatomic volume and improvement in concomitant physio-
logic function tests (e.g., forced vital capacity, forced expiratory volume in 1 sec-
ond) has been elusive, the decreased chest wall compliance inherently created by a 
rib anchoring device has raised significant questions about the overall value of the 
technique- especially in patients without a congenital chest wall deformity.

A comparison of VEPTR) to traditional spine-based growing rod (GRI) for treat-
ment of idiopathic deformities showed inferior correction and more complications 
in the patients treated with VEPTR [43]. GRI patients achieved 50% curve correc-
tion compared to 27% for the VEPTR group. The GRI group gained 24% in thoracic 
height compared to 12% for the VEPTRs. GRI patients also had smaller curves at 
follow-up – 43 vs 60° for VEPTR – and much l kyphosis, 47 vs 64°. Finally, com-
pared to the GRI group, VEPTR patients had a higher incidence of infection (41 vs 
14%, p  =  .001) and double the rate of complications. Given the concerns over 
decreased chest wall compliance [170, 206] and the documented inferior deformity 
correction the use of chest wall expansion in patients who do not have primary chest 
wall anomalies is generally avoided.

Growth Guidance Constructs
The concept of applying segmental, non-rigid fixation to the growing spine, in order 
to “guide” growth by encouraging vertebrae to slide along rods, was first devised by 
Eduardo Luque in the 1980’s [469]. Known as the Luque “trolley”, he inserted 
smooth rods on each side of the spine, attaching them via sublaminar wires at each 
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vertebral segment without fusion, with excess rod left either at each end vertebra or 
in some cases having two U-shaped rods with the open ends of the “U” facing each 
other from cephalad and caudad, with apical overlap to allow the vertebrae to grow 
away from the apex along the guiding rods, thereby controlling the scoliosis. Due to 
the subperiosteal dissection required for the sublaminar wire passage, the eventual 
lengthening of the construct often was often unsatisfactory due to spontaneous 
fusion limiting the possible growth [486].

The concept was refined by Richard McCarthy, who after a visit to Seoul, South 
Korea in the early 2000s, developed a method using aggressive correction of just the 
apical segments of a scoliosis by segmental pedicle fixation and fusion (sometimes 
preceded by an anterior release/vertebrectomy to enhance correction), and then con-
necting the apical segments to “sliding” screws attached to upper and lower end 
vertebrae, which are instrumented percutaneously to minimize potential fusion at 
non-apical segments. Multiaxial flanged screws (called “Shilla” after a Korean icon) 
non-rigidly captured the end vertebrae to permit growth directed along the rods 
spanning the entire deformity [500]. McCarthy’s 5 year results in 33 patients dem-
onstrated a 74% reduction in the number of procedures compared to traditional 
growing rods. However, he also reported a 73% incidence of total complications 
including a 30% incidence of infection and a 70% incidence of implant-related 
complications requiring unplanned revision procedures. The eventual 5-year spine 
growth was about 8 cm (T1-S1), and deformity correction was 44%, with 19% loss 
of correction from the initial postoperative correction. Since its inception the Shilla 
operation has been performed at only a small number of centers. Recently a 5 year 
mean follow-up report of 21 patients from centers other than the originator’s con-
firmed the high revision rate (30 surgeries for 15 patients) and a smaller length 
gained (6.8 cm) for T1-S1, with a 21% loss of correction in the post-implantation 
period [560]. Thus the Shilla concept remains in evolution as a reliable method to 
control deformity while appropriately addressing the continued growth (lengthen-
ing) of the spine and thorax.

Psychological Effects
It is important to recognize the psychological effects of treatment in EOS patients 
undergoing serial surgical procedures. The psychosocial effects of repetitive surger-
ies with respect to emotional and conduct problems, hyperactivity and attention 
deficit, and peer relations have been described [39, 493]. Abnormal psychosocial 
assessments are correlated with younger age at first growth-friendly surgery as well 
as the number of repetitive surgeries, while depression and generalized anxiety dis-
order have been found in 24–43% of early-onset surgical patients. While the devel-
opment of the magnetic controlled growing rod (MCGR) is a significant response to 
this concern, early comparative reports on psychosocial function and other patient-
reported domains have not found major improvement in the MCGR patient 
cohorts [186].
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 Summary

Several treatment methods are available and used with some efficacy for the myriad 
of types and complexities of early onset scoliosis. Most are still under investigation, 
due to the lack of long-term outcomes in “graduates. Serial casting and bracing are 
appropriate approaches for children without major chest wall deformities in an 
effort to either definitively treat or delay corrective surgery, with fusion ideally 
being delayed until around age 10. Larger and stiffer curves often require halo- 
gravity traction, followed by either a return to bracing, growth-friendly instrumenta-
tion if the child is immature, or definitive fusion to “lock-in” the correction achieved 
in traction. Growing rod constructs – traditional (GRI) or magnetically-controlled 
(MCGR) – are recommended for patients who have failed non-operative or delaying 
tactics. Expansion thoracoplasty is reserved for those with spinal deformities com-
plicated by chest wall abnormalities that assume the primary pathology with poten-
tial of thoracic insufficiency syndrome. The primary goal in EOS treatment is to 
avoid early growth arrest by definitive fusion and facilitate spine/thoracic length 
increase while correcting /controlling the deformity.
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 Natural History

The historical origin of “scoliosis” is derived from the Greek word “skolios” 
(crooked or curved) [1]. Scoliosis can be described as a curvature in the coronal 
plane of 10 degrees or greater. Due to curvature of the spine, there is a rotational 
component of the vertebrae as well [2]. Rotation of the spinous process occurs 
towards the concave side of the curvature and the vertebral body will rotate towards 
the convex side. In turn, this rotation forces the ribs posteriorly on the convex side 
and can produce a rib hump deformity [3]. On the concave side, the ribs are pushed 
laterally and anteriorly, thus causing restriction in chest wall compliance (Fig. 29.1). 
The lungs on the concave side are able to achieve a normal end-expiratory position 
but unable to achieve normal end-inspiratory position. The hemi-thorax on the con-
vex side can achieve normal end-inspiratory position, but unable to achieve normal 
end-expiratory position [4]. Furthermore, dynamic breathing MRI has shown the 
main factor in respiratory dysfunction in scoliosis is limited chest wall motion. 
Diaphragm function remains normal. [5]

Classification of the severity of the curvature relies upon the Cobb angle [6]. A 
line is drawn parallel to the upper end of the proximal vertebrae of the curvature and 
a line drawn parallel to the lower end of the distal vertebrae of the curvature. Two 
more lines are drawn perpendicular to each of these, so they intersect. The angle of 
this intersection is then measured in degrees (Fig. 29.2). If the scoliosis progresses, 
characteristic cardiopulmonary changes occur such as restrictive lung disease, dys-
pnea on exertion and eventual right heart strain when curvature reaches 100 degrees 
or greater [7].
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Spinous process deviated
toward concave side

Thoracic cage
wider (hollow)

Rib pushed posteriorly and
thoracic cage narrowed
(hump)

Vertebral body distorted
toward convex side

CONVEX SIDE
OF CURVE

CONCAVE SIDE
OF CURVE

DIRECTION OF
ROTATION

Fig. 29.1 Pathological changes in the ribs and vertebra with idiopathic scoliosis in the thoracic 
spine. (From Magee DJ. Orthopedic physical assessment: Elsevier Health Sciences; 2013)

Cobb angle

Fig. 29.2 Calculation of 
Cobb angle. A line is 
drawn parallel to the upper 
end of the proximal 
vertebrae of the curvature 
and a line drawn parallel to 
the lower end of the distal 
vertebrae of the curvature. 
Two more lines are drawn 
perpendicular to each of 
these, so they intersect. 
The angle of this 
intersection is then 
measured in degrees. 
(From Simonds 
AK. Scoliosis and 
Kyphoscoliosis. Elsevier; 
2012. p. 756–62)

 Classification

 Idiopathic Scoliosis

Classification of curvature can vary depending on the age of onset, underlying etiol-
ogy, and the location of the curvature. A diagnosis of idiopathic scoliosis is made 
when a non-idiopathic cause has been ruled out. Non-idiopathic causes of scoliosis 
include neuromuscular disease, neurofibromatosis, mesenchymal disease, trauma, 
and tumors [8] (Table 29.1).
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Table 29.1 Classification of scoliosis Idiopathic
Infantile (0–3 years)
Juvenile (4–9 years)
Adolescent (>10 years)
Congenital
Abnormal vertebral development
Hemivertebrae
Abnormal spinal cord development
Myelodysplasia
Neuromuscular
Neuropathic - Upper or Lower Motor Neuron
Cerebral Palsy
Spinal Muscular Atrophy
Myopathic
Muscular dystrophies
Neurofibromatosis
Mesenchymal Disorders
Congenital
Marfan’s
Arthrogryposis
Acquired
Rheumatoid arthritis
Trauma
Fracture
Radiation
Surgery (thoracotomy)
Neoplasm
Spinal cord tumor
Osteoid osteoma

Modified from Goldstein and Waugh [8]

Additionally, further definition of idiopathic scoliosis is made with the Lenke 
classification. This system, developed in 2001, is a standardized way to describe 
idiopathic curvature and guides research and treatment [9, 10]. Curves are num-
bered 1 through 6 based upon location of the major curvature. A major curve is 
defined as having a Cobb angle of ≥25 degrees [11]. Type 1 is a single, main tho-
racic curve. A type 2 is a double thoracic curve, proximal and main thoracic struc-
tural curves. Type 3 is a double major curve, main thoracic and thoracolumbar/
lumbar structural curve. Type 4, a triple major, is proximal thoracic, main thoracic 
and thoracolumbar/lumbar structural curves. Type 5 is a thoracolumbar/lumbar 
structural curve. Type 6 thoracolumbar/lumbar structural curve and main thoracic, 
with the thoracolumbar/lumbar being the main structural curve.

The lumbar spine has modifiers (A,B,C) to further define the relation of a line 
from the center of the sacrum through the lumbar spine on a coronal radiograph, the 
central sacral vertebral line (Fig. 29.3) The sagittal thoracic spine modifiers are (−, 
N, or +) to describe lordosis, neutral, or kyphosis in the thoracic spine from T5-T12. 
A normal thoracic spine has some degree of kyphosis, hence the N, or normal 
kyphosis of 30°, with a range of 10° to 40°. A (−) sign refers to a lack of kyphosis, 
or hypokyphosis, and a kyphosis of less than 10°. A (+) sign refers to hyperkypho-
sis, or a curvature of greater than 40°.
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Curve Type

Curve
TypeType

1
2
3
4
5

6

Proximal
Thoracic

Main
Thoracic

Non-Structural

Non-Structural

Non-Structural

Non-Structural

Non-Structural

Non-Structural
Non-StructuralStructural

Structural

Structural

Structural
Structural

Structural (Major*)

Structural (Major*)

Structural (Major*)

Structural (Major*)
Structural (Major*)
Structural (Major*)

Thoracolumbar/
Lumbar

Main Thoracic (MT)
Double Thoracic (DT)
Double Major (DM)
Triple Major (TM)

Thoracolumbar/Lumbar (TL/L)

Thoracolumbar / Lumbar -
Main Thoracic )TL/L - MT)

STRUCTURAL CRITERIA
(Minor Curves)

Proximal Thoracic:              - Side Bending Cobb 25°
                                              - T2 - T5 Kyphosis +20°

Main Thoracic:                     - Side Bending Cobb 25°
                                              - T10 - L2 Kyphosis +20°
Thoracolumber / Lumbar:    - Side Bending Cobb 25°
                                              - T10 - L2 Kyphosis +20°

*Major = Largest Cobb Measurement, always structural
Minor = all other curves with structural criteria applied

LOCATION OF APEX
(SRS definition)

CURVE APEX

THORACIC
THORACOLUMBAR
LUMBAR

T2 - T11-12 DISC
T12 - L1
L1-2 DISC - L4

Modifiers

Lumbar
Spine

Modifier

A

A

B

BC C

CSVL to Lumbar
Apex

CSVL Between Pedicles

CSVL Touches Apical
Body(ies)

CSVL Completely Medial

Thoracic Sagittal
Profile

T5 - T12

-       (Hypo)

N      (Normal)

+      (Hyper)

<10°

10° - 40°

> 40°

Curve Type (1-6) + Lumber Spine Modifier (A, B, or C) + Thoracic Sagittal Modifier (-, N, or +)
Classification (e.g. 1B+):                

Fig. 29.3 Lenke Classification for Adolescent Idiopathic Scoliosis. SRS  Scoliosis Research 
Society, CSVL central sacral vertebral line. A naming system commonly used to describe charac-
teristics of idiopathic scoliosis curvature. For example, a Lenke 1AN describes a patient with a 
Major curve in the thoracic region, a CSVL between the pedicles of the lumbar apex, and a neutral 
curvature in the thoracic sagittal plane. (From Lenke et al. [9])

Idiopathic scoliosis is traditionally classified by the age at the time of diagnosis, 
infantile (ages 0–3), juvenile (ages 3–10), and adolescent (between age 10 and skel-
etal maturity) [12]. Infantile idiopathic scoliosis (IIS) accounts for less than 1 per-
cent of all cases of idiopathic scoliosis [13]. It is typically seen in males, with a left 
convex curvature in the thoracic or thoracolumbar region. Development of curva-
ture commonly occurs in the first six months of life [14]. Early identification and 
treatment of progressive IIS is essential to aid in lung development. Post-natal 
development of alveoli is greatest through the first two years of life and continues 
until age 8 [15]. Thus, early identification and treatment of IIS is imperative for 
quality of life. The differential for idiopathic scoliosis includes congenital scoliosis, 
neuromuscular scoliosis, and scoliosis due to intraspinal pathology [12]. Non-
operative treatment for progressive curvature is serial body casting, which will be 
described later in this chapter.
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Juvenile idiopathic is scoliosis that is diagnosed between ages 4–10. It represents 
12–21% of all cases of idiopathic scoliosis [16]. Two-thirds of juvenile idiopathic 
scoliosis (JIS) curvature is a right thoracic convexity. Right convexity predomi-
nance is similar to adolescent idiopathic scoliosis (AIS) [17]. As with other idio-
pathic scoliosis diagnoses, any potential underlying causes of curvature should be 
investigated. Consideration for surgery in both infantile and juvenile cases depends 
on the age of the child at presentation and the amount of growth remaining in the 
spine [12]. Left untreated, IIS and JIS, but not AIS, can lead to increased mortality 
by the age of 40 due to death from respiratory failure [18].

Adolescent idiopathic scoliosis remains the most prevalent form with rates 
reported from 0.47–5.2% in the population. It is responsible for 90% of idiopathic 
cases, but fortunately formal treatment is only necessary in <10% of patients [1, 10]. 
Smaller curvature shows an equal male to female predominance, but as the magni-
tude increases, the ratio of female to male is 4 to 1 [19]. A decision to treat depends 
upon the magnitude of the major curve and risk for progression. Risk of progression 
depends upon location of the curvature, in particular thoracic, and signs of skeletal 
maturity. If a patient is skeletally immature, curvature less than 25 degrees can be 
observed, and bracing can be used for curvature 25–50 degrees. Patients who are 
skeletally mature with a curvature of 45 degrees are considered for surgery. Skeletally 
immature patients who have failed or cannot tolerate bracing and have progressive 
curvature of 40 degrees or more are also considered for surgical treatment [20].

However, if left untreated, pulmonary hypertension and right heart failure are 
rare in AIS [21]. The Iowa natural history studies followed patients retrospectively 
and then prospectively beginning in 1976. Upon follow up in the early 1990s, 
patients had an average age of 66, and had initially presented between 1932–1948. 
They were compared to age and sex-matched volunteers. There was no evidence to 
associate untreated AIS with increased mortality or cardiopulmonary issues related 
to the curvature. The untreated AIS group did have more back pain, but it was rated 
as “little, or moderate”. Patients with a curvature greater than 80 degrees also 
reported more shortness of breath with everyday activities and a higher degree of 
body dissatisfaction compared to the volunteer cohorts [22]. Additionally, a group 
of 45 patients with untreated idiopathic scoliosis were followed over a 20  year 
period. Patients with a vital capacity less than 45% and a curvature greater than 110 
degrees at enrollment were more likely to develop respiratory failure [23].

A multicenter, prospective study from 1995–2003 looked at 631 AIS patients to 
determine the effect of curve magnitude on deterioration of pulmonary function. The 
authors noted that even patients with curvature less than 50 degrees could show mod-
erate and severe pulmonary impairment (moderate described as forced expiratory 
volume in one second of 50 to 65% of predicted value and severe less than 50%) [24].

 Early Onset Scoliosis

Early onset scoliosis (EOS) is a more recent all-encompassing term for scoliosis 
onset prior to age 10 years old, not necessarily the age at diagnosis [25]. In addition 
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to IIS and JIS, other diagnoses included in EOS include congenital, neuromuscular, 
and syndromic scoliosis. Congenital scoliosis is due to one or more vertebral defects 
during the sixth week of fetal development, with or without associated rib fusions 
[25, 26]. Associated cardiorenal abnormalities are common, as is association with 
VATER/VACTERL syndromes [26].

Treatment goals of EOS are to facilitate lung development and prevent the deg-
radation of lung function to the point of thoracic insufficiency syndrome (TIS). 
Thoracic insufficiency syndrome is the inability of the thorax to support normal 
respiration or lung growth [27]. As the thoracic deformity progresses, respiratory 
effort becomes highly dependent upon the diaphragm due to lack of chest wall 
mobility. Naturally, as compensatory mechanisms fail, these patients can progress 
to respiratory failure and failure to thrive [27]. For patients with severe EOS that has 
progressed to the point of TIS, quality of life is worse than those compared to 
patients with epilepsy, cancer, or even heart disease [28].

When posterior spinal fusion is performed at a young age in complex multi-level 
EOS, the posterior spinal elements become fused and no longer grow. The anterior 
portion of the spine will continue to grow and create further deformity, known as 
crankshaft phenomenon [29]. More modern techniques are classified as growth 
friendly techniques, which allow for continued spine and thorax growth and control 
of curvature [30]. Understanding of the methods for spine correction with growth- 
friendly techniques is important to the anesthesiologist. These children will require 
frequent anesthetics over the course of their treatment span and at times, a definitive 
fusion surgery when skeletal maturity is reached. However, these techniques are not 
without complications: infection, rod breakage, anchor displacement, kyphosis, and 
unintended fusion occur [25].

Distraction-based implants are common implants used in the treatment of 
EOS. The general principle is that a distractive force is applied between proximal 
and distal “anchors” that are joined by an expandable rod. As the spine grows, the 
rods can be lengthened to lessen curve progression. With the traditional growing rod 
(TGR), limited fusion is performed at the distal and proximal anchor sites to allow 
continued spine growth. Lengthening is performed at approximately six- month 
intervals, thus necessitating repeat general anesthetics [26]. The vertical expandable 
prosthetic titanium rib (VEPTR) device is another distraction-based implant that 
uses the ribs as anchors to provide primarily thoracic expansion. This device also 
requires frequent anesthetics for lengthening procedures. A hybrid system uses the 
concepts of TGR and VEPTR combined. A distal anchor site is created in the lower 
spine, but the proximal anchor site is a rib. A rod connects the two sites and requires 
repeated lengthening. This perhaps makes the spine more flexible as there is no 
spinal fusion site in the proximal portion. The magnetically controlled growing rod 
(MCGR) is also similar to the TGR, but the rods can be lengthened externally. This 
is possible due to internal magnets in the rod construct. With external lengthening, 
generally no anesthetic is required [26]. Rarely, light sedation will be required in 
cases of behavioral issues (Fig. 29.4).

Additional surgical techniques that the anesthetist should be aware of include 
guided growth implants and compression-based implants. The Shilla technique is a 
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Fig. 29.4 Patient with 
surgically implanted 
magnetically controlled 
growing rods (MCGRs). 
Internal magnets are 
located inside the rod 
construct and which allows 
for generally pain free 
external lengthening with a 
handheld device at 
approximately six-month 
intervals. Repeated 
anesthetics are limited as 
opposed to the traditional 
growing rod. (From 
Scottish Rite for Children)

method of guided growth implants. Minimal dissection is used to place pedicle screws 
in hopes of avoiding boney fusion. The curvature is then corrected with rod placement 
and the spine is allowed to grow along the contour of the rods. These patients require 
less anesthetics than the distraction-based implants (TGR, VEPTR, MCGR). However, 
correction of scoliosis may not be as effective as MCGR [31]. A compression-based 
technique involves arrest of the growth on the convex side of the curvature. Via a 
trans-thoracic approach, staples or tethers are applied to the anterior portion of verte-
brae on the convexity of the curve, which will arrest growth plate. This in turns allows 
the concave side of the curve to grow and help to correct the curvature. A potential 
concern for the anesthesiologist is the need for repeat trans- thoracic surgery [26].

 Neuromuscular Scoliosis

Neuromuscular causes of scoliosis provide the greatest challenges in perioperative 
care for spine surgery. The diagnosis of neuromuscular scoliosis (NMS) is a broad 
term that includes many underlying conditions. So while the orthopedic presenta-
tion can be similar, the complexity of the medical conditions associated with it must 
be respected and optimized [32]. The classic neuromuscular deformity is a long 
thoracolumbar curve to the pelvis, which in turn induces pelvic imbalance [33]. 
Deformity of the spine can be induced due to trunk muscle weakness, imbalanced 
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spasticity, or dyskinesia [33, 34]. Deformities can become quite severe and make 
wheelchair positioning challenging and painful. The goal of surgical treatment is 
restoring upright posture and preventing curve progression.

Understanding the underlying etiology of the scoliosis and associated medical 
co-morbidities allows for proper planning to minimize the severity of complications 
[32]. A retrospective review of the Healthcare Cost and Utilization Project Kids 
Inpatient Database showed patients with NMS had longer hospitalizations, higher 
costs, more total procedures, more respiratory complications and higher rates of 
surgical site infections when compared to patients with idiopathic scoliosis [35].

 Cerebral Palsy
Cerebral palsy (CP) is the most common neuromuscular diagnosis associated with 
scoliosis [32]. Anywhere from 21–64% of patients with cerebral palsy have scolio-
sis, and unlike idiopathic scoliosis, the deformity in neuromuscular scoliosis often 
progresses past the age of skeletal maturity [36–38].

Despite the high risk of peri-operative complications in cerebral palsy patients, a 
prospective questionnaire administered to caregivers of severe CP patients who 
underwent surgical repair of scoliosis indicated that at one year post-operatively, 
patient pain and fatigue, happiness and parental satisfaction improved significantly 
compared to pre-operative surveys [39]. A large systematic review also showed sig-
nificant quality of life improvements in CP and muscular dystrophy patients after 
spinal fusion [40].

For patients with more flaccid forms of CP or other non-spastic NMS, with an 
apex of the curvature at L2 or higher and minimal pelvic obliquity, fusion may stop 
at L5 [41, 42]. However, the majority of NMS patients will have severe pelvic obliq-
uity and require a fusion that extends to the sacral level. Extension of the fusion to 
pelvis is of concern to the anesthesiologist as it is associated with more blood loss 
perioperatively, increased infection rates, failed fusion, and limited patient mobility 
[32, 43].

Patients with CP often have co-existing seizure disorders. A careful review of 
medications and seizure history is necessary. Anti-epileptics can upregulate hepatic 
enzymes, making response to anesthetic and analgesic agents often unpredictable 
[44]. In addition, the anti-convulsant sodium valproate is known to cause bleeding 
concerns due to many mechanisms including impaired platelet function, decreased 
platelet count, and decreased clotting factor function [45].

Other mechanisms for increased bleeding in cerebral palsy patients included 
poor nutritional status leading to clotting factor insufficiency and also impaired pri-
mary hemostasis due to altered connective tissue structure in blood vessels. A pro-
spective comparison between NMS and AIS patients compared normal clotting 
parameters and thromboelastogram (TEG) measurements at baseline and then after 
15% loss of estimated blood volume. After a 15% loss of estimated blood volume, 
a transient hypercoagulable state would be expected, however, CP patients showed 
a decreased maximum amplitude on the TEG analysis, suggesting altered platelet 
function or impaired platelet-fibrinogen interaction. Prothromin time and partial 
thrombplastin time were also outside of normal range compared to normal values in 
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the AIS group [46]. Finally, CP and other NMS patients typically require more 
extensive fusions which require longer operative times and instrumentation of more 
vertebral levels, both of which will naturally increase blood loss [47].

In addition to a high prevalence of gastro-esophageal reflux disease, children 
with CP can also have swallowing incoordination and significant pooling of oral 
secretions, which puts them at a high risk of aspiration. Ideally, a swallow study will 
be performed prior to major spinal fusion to identify patients at highest risk of aspi-
ration [48]. Evaluation of feeding problems and nutritional deficiency should be a 
high priority [49]. Patients with albumin levels >3.5 g/dL have lower rates of infec-
tion, shorter duration of post-operative intubation, and shorter hospitalization [50]. 
Optimization of nutritional status may require several weeks or months of nocturnal 
feeding via nasogastric tube or placement of a gastrostomy tube in anticipation of 
spinal fusion [33].

CP patients are also at increased risk for sleep disruption due to a variety of fac-
tors: upper airway obstruction, severe visual impairment leading to altered sleep- 
wake cycles, brainstem dysfunction leading to altered cardiopulmonary function, 
micro-aspiration, and somnolence secondary to epilepsy medications. The gold 
standard for evaluation is a polysomnogram (PSG). If there is a high suspicion for 
sleep disordered breathing and a PSG is not available, clinical judgement in combi-
nation with a lateral airway radiograph (to evaluated enlarged adenoidal tissue), a 
measure of serum bicarbonate, and sleep oximetry can be utilized. Continuous posi-
tive airway pressure can be beneficial in overcoming upper pharyngeal obstruction 
due to poor muscle tone. In patients with altered respiratory drive, more complex 
support with bi-level positive airway pressure devices (BiPAP) may be necessary 
that includes a backup rate [51].

 Myelodysplasia
In patients with myelodysplasia, the incidence of scoliosis is over 70% if the defor-
mity is at T12 or higher [52]. Prevalence of scoliosis in this population can be as 
high 89%, with deformity at L3 or higher increasing the risk of severe scoliosis. 
The type of deformity is dependent upon the level of the defect [43].

Complicating the condition is a high rate of renal anomalies, incontinence, latex 
allergy, insensate skin, urinary tract colonization, and lower extremity contractures 
[43]. Patients with myelodysplasia commonly have hydrocephalus requiring a ven-
tricular shunt. Peri-operative complication rates are high, reported from 48–53% 
[53, 54]. Recent shunt evaluation by a neurosurgeon prior to surgery is critical to 
ensure patency and function. Shunt malfunction can occur post-operatively and can 
lead to acute hydrocephalus and death [53].

Because of a neurogenic bladder, myelomeningocele patients frequently have 
asymptomatic urinary tract infections which can be associated with post-operative 
wound infections [55]. Evaluation and treatment in the immediate pre-operative 
period can help to decrease the risk of peri-operative wound infection [56].

The risk of latex allergy is also a concern specific to myelomeningocele patients, 
with an estimated risk of an intraoperative anaphylactic reaction to latex that is 500 
times greater than the general population [57]. Latex allergy refers to immediate 
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hypersensitivity symptoms caused by contact (urticaria, erythema, angioedema, 
etc.) with a positive IgE test. Latex sensitivity refers to patients with IgE antibody 
results specific to latex, but do not show symptoms on contact with latex [58]. Given 
that 18–40% of patients may have an allergy, latex testing is prudent prior to an 
operation [59].

 Duchenne’s Muscular Dystrophy
Duchenne’s Muscular Dystrophy (DMD) is an x-linked recessive disorder caused 
by a frameshift mutation in the dystrophin gene, which results in breakdown of 
muscle cells with replacement by fibrofatty tissue [60, 61]. The progressive disease 
can result in eventual loss of ambulation, scoliosis, and cardiopulmonary deteriora-
tion [62]. Ninety percent of untreated males will develop scoliosis [63]. Fortunately, 
initiation of steroids, such as Deflazacort, can prevent the progression of scoliosis 
and substantially decrease the need for surgical treatment [64–66].

For patients presenting for surgery, particular attention to cardiopulmonary sta-
tus is warranted. The loss of dystrophin affects cardiac myocytes, with cardiac func-
tioning beginning to decline between ages 12–14 [62, 67, 68]. Use of beta-blockers 
and angiotensin converting enzyme inhibitors or angiotensin II receptor blockers is 
common in disease management [62]. Peri-operative dosing continuation should be 
in consultation with the patient’s cardiologist.

DMD patients are not able to be reliably evaluated with the New York Heart 
Association (NYHA) classification of heart failure. Subtle signs and symptoms of 
heart failure include weight loss, vomiting, abdominal pain, sleep disturbance, 
decreased urinary output, and fatigue. Chest pain attributed to musculoskeletal eti-
ology could mask cardiac concerns. Sinus tachycardia is also common, and can 
occur in the absence of ventricular dysfunction [69]. Potential etiologies include 
dysregulation of the autonomic nervous system [70].

Baseline evaluation such as electrocardiogram and echocardiogram should be 
reviewed. Ventricular ectopy is common in the older patient and can be evaluated 
by a Holter monitor [69]. It is important, however, to recognize that a resting 
echocardiogram will not provide information as to how the heart will respond to 
surgery and hemodynamic shifts. In addition, ultrasound acoustic windows are 
difficult to obtain in older patients with adiposity and scoliosis [71]. Consideration 
should be given to a dobutamine stress echocardiogram or a cardiac magnetic 
resonance imaging study (CMR) should more information be needed [69]. CMR 
can provide benefit over standard echocardiography when there is difficulty in 
image acquisition. It allows for more precise distinction between blood and the 
endocardium which allows for accurate chamber volume assessment. Subjective 
and objective wall motion characteristics are also better visualized with 
CMR [72].

Pre-operative workup should include pulmonary function testing. Forced vital 
capacity (FVC) less than 35% has been associated with an increased rate of pulmo-
nary complications [73]. However, more recent studies have shown that patients 
with FVC <30% can safely undergo surgery with a similar post-operative outcome 
as patients with FVC >30%. The routine use of post-operative non-invasive ventila-
tion to facilitate early extubation is critical [74].
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Not to be under-appreciated is the potential for difficult intubation in DMD 
patients. In a retrospective review of 292 cases, 4% of DMD patients were labeled 
as difficult laryngoscopies. They were typically older children with obesity, large 
tongues, small mouth openings, and restricted cervical motion [75]. Progressive 
fibrosis of musculature accounts for difficulty in mouth opening and cervical 
motion [69].

Use of muscle relaxants should occur with caution. Due to upregulated fetal 
nicotinic acetylcholine receptors, life threatening hyperkalemia can result with 
depolarizing neuromuscular blocking agents such as succinylcholine [75–77]. 
Onset of action and duration of action for non-depolarizing agents can be prolonged 
in DMD patients [78, 79]. With newer reversal agents such as sugammadex, reversal 
of profound rocuronium induced neuromuscular block is possible [80].

Total intravenous anesthesia is preferred in DMD due to concern for anesthesia 
induced rhabdomyolysis as well as unexplained fever when patients are exposed to 
volatile anesthetics. There is no increased risk of malignant hyperthermia in this 
patient population. Intraoperative rhabdomyolysis and secondary hyperkalemia are 
thought to be due to the action of inhaled anesthetics on already vulnerable muscle 
membranes [75, 76].

The anesthesiologist should also be prepared for larger than expected blood loss. 
The lack of dystrophin in vascular smooth muscle leads to a poor vasoconstrictive 
response to bleeding [81]. In addition, platelet responsiveness is impaired in DMD [82].

 Syndromic Scoliosis

Similar to neuromuscular scoliosis, syndromic scoliosis is an umbrella term used to 
describe scoliosis occurring as part of a systemic disease. Co-existing conditions 
include Marfan syndrome, Down syndrome, neurofibromatosis, Rett syndrome, 
achondroplasia, Ehlers- Danlos syndrome, Prader-Willi syndrome, Friedrich’s 
ataxia, and Osteogenesis Imperfecta [83]. The more common syndromes with their 
anesthetic implications will be reviewed here.

 Marfan Syndrome
Patients with Marfan syndrome, an autosomal dominant condition due to defect in 
genetic coding for fibrillin-1, have scoliosis in 60% of cases [84]. Although curva-
tures can be similar to idiopathic scoliosis, surgical correction typically requires a 
greater number of levels to be fused. Complications such as extensive blood loss 
related to abnormal fibrillin and cerebrospinal fluid leaks related to dural ectasia are 
more common [83, 84]. The anesthesiologist must be aware of any potential airway 
difficulties due to a high arched palate or impaired oral opening due to temporoman-
dibular joint dysfunction [85, 86]. Additionally, respiratory concerns include an 
increased incidence of spontaneous pneumothorax, up to 4–15%. A heightened 
awareness should remain throughout the anesthetic and hospital stay for this poten-
tial complication [85, 87]. Cardiovascular concerns should also be addressed pre- 
operatively. Progressive aortic root dilation and mitral valve prolapse are the most 
significant abnormalities in patients with Marfan syndrome. Aortic root dilation can 
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lead to aortic valve regurgitation as well as eventual aortic dissection [88]. Continued 
deterioration of the mitral valve prolapse can lead to mitral valve regurgitation. 
Extensive pre-operative cardiac workup is warranted in these patients as is strict 
hemodynamic control intraoperatively.

Additionally, due to risk of perioperative visual loss (POVL) in spine surgery, the 
patient’s ocular history should be reviewed [89]. Ectopis lentis or lens subluxation, cor-
neal abnormalities, glaucoma, and retinal detachments are possible due to abnormal 
fibrillin. Information on recent ophthalmic exams should be obtained pre- operatively [90].

 Down Syndrome
A patient with Down syndrome, a trisomy of chromosome 21, provides unique 
anesthetic challenges due to systemic clinical manifestations [91]. Scoliosis can 
present in 7% of the patient population, with rates in institutionalized patients as 
high as 50% [92, 93]. Complications after scoliosis surgery are high with this patient 
population, most notably spinal hardware failure and infection [91, 94].

When a patient with trisomy 21 presents for scoliosis spine surgery, several sys-
temic considerations should be accounted for. Cervical spine stability should be eval-
uated pre-operatively. Atlantoaxial and atlanto-occipital instability can occur 
concurrently in a patient with Down syndrome [95]. Screening for instability can be 
challenging in infants and toddlers due to lack of ossification of the spine. Flexion and 
extension cervical spine radiographs to evaluate the atlantodens interval (ADI) can be 
obtained. Normal radiographs do not preclude possibility of an injury occurring. A 
baseline assessment of strength and movement should be obtained pre- operatively 
and a repeat assessment should occur post-operatively. A decision for cervical spine 
radiographs should be made between the surgeon and the anesthesiologist [96].

A complete atrioventricular septal defect is the most common cardiac lesion, 
with ventricular septal defect and atrial septal defect being next most common [97]. 
A recent echocardiogram should be obtained to assess for undiagnosed or residual 
heart disease in addition to possible signs of pulmonary arterial hypertension [96]. 
Should inhalation induction be required, the anesthesiologist should be prepared for 
bradycardia in response to sevoflurane. This phenomenon is likely due to impaired 
autonomic cardiac regulation [98].

Upper airway obstruction is also common due to multiple possible sites of 
restriction: macroglossia, flattened nasal bridge, pharyngeal muscle hypotonia, ton-
sillar and adenoidal hypertrophy, congenital subglottic stenosis, and tracheomala-
cia. Because of upper airway anomalies, obstructive sleep apnea is common and 
previous diagnostic studies should be reviewed [99].

 Additional Spinal Pathologies

 Kyphosis

Kyphosis is from the Greek work ‘kyphos’, which means bowed forward, in the 
sagittal plane [43]. Kyphosis of 20–40° is considered normal and increases as a 
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person ages [100, 101]. Curvature is measured on lateral radiographs via the Cobb 
angle method as described previously [102]. Congenital kyphosis is due to abnor-
mal vertebral segmentation of formation and can progress quickly to the point of 
spinal cord compression and paraplegia [102]. Prevention of progression with brac-
ing is ineffective and surgical correction is often required before age 5 and before 
the curvature progresses to 50° [102].

Scheuermann Kyhposis is a structure deformity that presents clinically in late 
childhood, ages 8–12, with wedging of three adjacent thoracic vertebral bodies 
[103]. A more severe, fixed form, appears at ages 12–16 [104]. The incidence ranges 
from 1% to 8%. Kyphosis that is greater than 80° in the thoracic spine or 65° in the 
thoracolumbar spine typically requires surgical intervention [102]. Pain and neuro-
logic deficits are possible if progressive curvature is left untreated. As curvature 
approaches 100°, restrictive lung disease can be seen [103].

 Spondylolysis and Spondylolisthesis

Spondylolysis can also affect pediatric patients and can at times require surgical 
management. From the Greek roots, “spondylos” meaning vertebra and “lysis” 
meaning defect, it is pathology of the pars interarticularis. When the defect 
occurs bilaterally, there can be forward displacement of the upper vertebrae over 
the lower vertebrae, or spondylolisthesis (derived from the Greek word ‘olisthe-
sis,’ meaning movement or slippage). Only rarely does spondylolysis require 
surgical fixation when all conservative measures have failed to treat lumbar 
pain [105].

Spondylolisthesis severity depends upon the amount of anterior slippage of the 
superior vertebrae when compared to the vertebrae below. As with spondylolysis, 
clinical manifestations can be highly variable. When symptoms do appear in young 
patients, it coincides during the time of rapid growth during puberty, ages 10–15. 
Severity can be defined by the amount of slippage of the superior vertebrae. Grade I 
is displacement of 0–25%, Grade II is displacement of 26–50%, and in grade III the 
displacement may be up to 75%. Displacement of 75–100% is classed as grade 
IV.  Cauda equina syndrome can occur in cases of grade IV spondylolisthesis 
[105, 106].

 Preoperative Evaluation for Spinal Deformity Surgery

For children with multi-organ system pathology who present for spinal defor-
mity surgery, a thorough preoperative assessment should include evaluation 
by a multi- disciplinary team (MDT). This could be comprised of a scoliosis 
surgeon, general pediatrician, pulmonologist, anesthesiologist and cardiolo-
gist [107]. Early involvement of a complex care pediatrician is prudent, as this 
lessens the burden on the anesthesia care team for last-minute referrals and 
recommendations.
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 Respiratory Evaluation

Pre-operative impairment of respiratory function can be anticipated in most patients 
who have scoliosis of surgical magnitude. Severe scoliosis will show a reduced total 
lung capacity and forced vital capacity (FVC). A reduction in FVC will mirror 
severity of curvature [7]. When patients present with neuromuscular disease as well 
as an FVC <40%, they are more likely to require prolonged mechanical ventila-
tion [108].

Maximum inspiratory pressure (MIP) is also decreased in scoliosis due to effects 
of chest wall deformity on the ability to generate appropriate inspiratory forces. The 
MIP is important, as a value of less than 30 cm H20 can be predictive of need for 
post-operative ventilation [7].

However, for patients that were historically not candidates for early post- 
operative extubation, use of non-invasive ventilation and cough assist devices 
increases chances for success. Pre-operative training with non-invasive positive 
pressure ventilation (NPPV) and a mechanical insufflator–exsufflator (MI–E) 
device in a small series of non-idiopathic scoliosis patients undergoing corrective 
surgery showed great success in minimizing respiratory complications. 13 patients 
with neuromuscular scoliosis were intubated for a mean of 19.9  hours post- 
operatively, had an average intensive care unit stay of 2.5 days and had no respira-
tory complications. MI-E was provided by a Cough Assist™ device (JH Emerson 
Company, Cambridge, MA, USA) to help facilitate clearance of airway secretions 
[109, 110].

 Cardiac Evaluation

Patients with scoliosis secondary to neuromuscular or syndromic conditions will 
benefit from evaluation by a cardiologist to include electrocardiogram and echocar-
diography. Not all otherwise healthy idiopathic scoliosis patients will undergo car-
diac evaluation beyond a basic clinical assessment. In a retrospective review of 212 
otherwise healthy patients with idiopathic scoliosis who underwent screening elec-
trocardiogram and echocardiogram, 85 percent had normal findings. However, 4.2 
percent of patients demonstrated significant abnormalities, including two with atrial 
septal defects that required repair prior to surgery [111]. The prevalence of echocar-
diogram abnormalities in a population of 357 randomly selected junior high school 
students, only 7 patients (1.9 percent) had significant abnormalities [112]. No for-
mal recommendations exist for cardiac evaluation prior to pediatric spinal fusion 
surgery.

The anesthesiologist should also be keenly aware of right heart changes and 
pulmonary pressure increases that can be expected with severe curvature. With 
increased curvature and lung compression, the number of vascular units per unit 
volume of lung is less and therefore increases pulmonary vascular resistance. In 
addition, lung compression by the chest wall deformity limits alveoli expansion and 
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causes shunting of blood flow through the higher resistance extra-alveolar blood 
vessels [113]. Changes in right sided heart pressures can be seen when curvature 
approaches 100 degrees or higher [7].

 Non-Surgical Treatment

 Serial Casting

In young children who would not tolerate a thoracolumbar brace, serial application 
of a corrective plaster jacket can be performed under general anesthesia. The cast is 
worn for 8 to 16 weeks to allow the spine time to grow into an improved direction 
[114]. In some cases, such as idiopathic early onset scoliosis, a cure can be obtained. 
However, often times, the casting is to delay severe progression as a bridge to opera-
tive approaches when the child ages [26].

The technique, initially developed by Cotrel and Morel, has regained popularity 
after Mehta’s 2005 report [115]. The casting procedure is on a table which allows 
access to the body but supports the head, arms, and legs [116]. To facilitate correc-
tion of the curve, traction is applied at the head and the hips. A soft bite block should 
be placed to prevent compression of the airway after the chin strap is applied. 
Endotracheal intubation is recommended, as during cast application, one can expect 
a rise in airway pressure as the cast material hardens. Following placement of the 
cast, a large chest window as well as a window over the concavity of the curvature 
is created to allow lung expansion [114]. Children typically go home the same day, 
however, observation can be required when there is respiratory difficulty post- 
procedure. Cast removal is sometimes necessary (Fig. 29.5).

Of growing concern, however, is recurrent exposure to anesthetics in young chil-
dren could potentially lead to poor neurodevelopmental outcomes [117, 118]. 
Awake casting can be an option in older children but treatment outcomes depend on 

Fig. 29.5 Patient 
undergoing placement of a 
corrective plaster jacket on 
a specialized frame. 
Traction is applied at the 
head and the hips to 
facilitate scoliosis 
curvature reduction. 
Casting material is molded 
around the patient’s torso. 
(From Scottish Rite for 
Children)
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patient selection, with idiopathic scoliosis patients achieving the best outcomes 
[119]. As more is understood about the risk of early and repetitive exposure to anes-
thesia, perhaps more aggressive awake or sedated options will be pursued.

 Operative Approaches

Surgical techniques vary given the patient age, anticipated growth, and characteris-
tics of the curvature. The earliest generation of spinal instrumentation was devel-
oped by Harrington in the 1960s. The technique involved placement of hooks on the 
posterior elements of the spine at the distal and proximal portion of the curvature 
which allowed for rod placement and correction of the spine in the coronal plane. 
Patients would remain in body casts post-operatively to allow time for osseous 
fusion [120, 121].

 Posterior Fusion

Modern posterior spinal fusion relies upon transpedicular screw placement, which 
allows for a strong point of fixation for de-rotation, compression, or distraction of the 
spinal deformity around a stiff metal rod (Fig. 29.6) [120]. The anesthesiologist should 
be prepared for potential complications related to screw misplacement. Potential issues 
include direct spinal cord injury, dural tear, epidural hematoma, intrathoracic screw 
placement with pneumothorax or hemothorax, and potential aortic abutment [122].

 Anterior Procedures

Surgical treatment of spinal deformity can require a combined anterior and poste-
rior procedure [123]. The anterior spine release is utilized to facilitate greater spine 

Fig. 29.6 Pedicle screw 
placement demonstrating 
the proximity of the screw 
to spinal canal. Pedicle 
screws provide strong 
fixation points for 
anchoring of metal rods. 
(From Scottish Rite for 
Children)
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flexibility by removing intervertebral discs at the apex of the curvature [124]. This 
is then followed by a posterior instrumentation and fusion. The anterior spine can be 
approached with an open posterolateral thoracotomy or via a thoracoscopic tech-
nique [123, 124]. A large retrospective review showed no difference in pulmonary 
function recovery between patients undergoing an open or thoracoscopic approach 
[125]. In either procedure, one lung ventilation may be necessary depending on 
surgeon preference, anticipated technical difficulty and patient habitus. Generally, 
patients can tolerate a same day combined anterior and posterior procedure [126].

 Anesthetic Intraoperative Management

Intraoperative care for spinal deformity is complex and requires careful consider-
ation of medical comorbidities in the face of prolonged surgery with large fluid 
shifts. Effort should be made to minimize necessity of allogenic blood transfusion, 
maintain stable anesthetic conditions for proper intraoperative neuromonitoring and 
provide proper analgesia for a highly painful surgery (Table 29.2).

 Monitoring

Patient monitoring should be individualized given patient co-morbidities. At the 
minimum, ASA standard monitoring should be utilized. The majority of scoliosis 
surgery will require beat to beat blood pressure monitoring with a peripheral arterial 
line. Central venous access should be considered on a case-by-case basis. One must 
be aware that central venous pressures could be misleading. In a study of 12 pediat-
ric patients undergoing scoliosis surgery, central venous pressure (CVP) data was 
correlated with transesophageal echocardiography. When patients were placed 
prone, CVP increased from 8.7 mmHg to 17.7 mmHg with decreased left ventricu-
lar end diastolic diameter from 37.1 mm to 33.2 mm. Fractional shortening, left 
ventricular end systolic diameter and heart rate did not change when going from 
supine to prone. This suggests that CVP does not accurately reflect preload [127].

 Positioning

When positioned prone for posterior spinal fusion, it is necessary to avoid pressure 
on several key areas including the anterior superior iliac spine to protect the lateral 
femoral cutaneous nerve, the knees, male genitalia, and the nipples. Care must be 
given to avoid abduction of arms more than 90 degrees to protect the ulnar nerve 
from injury. Patient positioning is wrought with challenges, particularly when 
patients have pronounced contractures [3, 128]. At times it is not possible to 
straighten the arms significantly, so positioning with the aid of disposable polyure-
thane foam positioners can accommodate contractures.
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Table 29.2 Sample anesthetic plan for an AIS patient undergoing PSF

Premedication Diazepam 0.1 mg/kg PO 2 hours pre-procedure
Midazolam 2 mg IV immediately pre-procedure
Aprepitant 40 mg PO if personal history of post-operative nausea or 
vomiting (PONV)

Monitoring and Lines Standard ASA monitors, arterial line, 2 peripheral intravenous catheters
SSEP, MEP, Single channel electroencephalogram

Positioning Arms less than 90 degrees of abduction
Prone pillow to protect eyes and face
Abdomen freely hanging
Well-padded extremities

Induction Agents Propofol 2–3 mg/kg
Sufentanil 0.1 mcg/kg
Lidocaine 1 mg/kg
Ketamine 0.5 mg/kg
Rocuronium 0.3 mg/kg

Maintenance Propofol 250 mcg/kg/min titrated to 80–100 mcg/kg/min by wound 
closure
Sufentanil 0.3 mcg/kg/hr titrated to 0.1 mcg/kg/min
Dexmedetomidine 0.5 mcg/kg/hr titrated to 0.1 mcg/kg/hr
Ketamine 0.25 mg/kg bolus every hour

Emergence Cessation of IV Infusions following last neuro-monitoring exam
Nitrous Oxide or low dose volatile agent after last neuro-monitoring 
exam and until extubation

Intraoperative 
Multi-Modal Pain 
Control

Acetaminophen 15 mg/kg IV up to 1000 mg
Ketorolac 0.5 mg/kg IV up to 30 mg
Local infiltration analgesia into muscle, fascia and subcutaneous tissue 
and skin with Liposomal Bupivacaine, Bupivacaine HCl and Normal 
Saline mixture prior to wound closure

PONV prophylaxis Dexamethasone 0.1 mg/kg up to 4 mg at induction
Ondansetron 0.1 mg/kg up to 4 mg at skin closure

Blood Management Tranexamic acid 30 mg/kg up to 2 grams then 10 mg/kg/hr until skin 
closure
Maintenance of normothermia with preoperative forced air warming, 
intraoperative forced air warming, and fluid warming
Intraoperative cell salvage
Controlled normotension during spine exposure with Nicardipine 
0.1–0.5 mcg/kg/min IV. Discontinued during screw placement and in 
advance of corrective spine maneuvers (i.e. rod placement)

Disposition Extubation in operating room, recovery in post anesthesia care unit and 
transfer to an Intermediate Care Unit or Intensive Care Unit
Neurological checks every 2 hours
Multi-modal pain control with Oral or Intravenous opioid, 
Dexmedetomidine, Ibuprofen, Acetaminophen, Diazepam

The abdomen should be hanging freely to avoid increases in intra-abdominal 
pressure, which has several consequences. It can impair chest compliance, engorge 
epidural veins and therefore increase bleeding, in addition to impairing venous 
return due to inferior vena cava compression. Use of a Jackson frame (Mizuho OSI; 
Hollywood, CA) table allows for the abdomen to hang free and will avoid many of 
these consequences [128].
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Attention must be given to the eyes and face. Use of a specialized prone pillow 
allows for the eyes to remain free of pressure and the weight of the head can be 
distributed on the face and the forehead. Risk of perioperative visual loss (POVL) is 
a relevant concern, even in children. Rates of POVL range from 0.03–0.2% in adults 
undergoing prone spine surgery [129]. In children, rates have been reported at 
0.16% in a large retrospective national database review [130]. Ischemic optic neu-
ropathy (ION) is the most common cause of visual loss following spinal surgery due 
to decreased perfusion of the optic nerve. Other causes include external ocular 
injury, cortical blindness, and central retinal artery occlusion [130]. Central retinal 
artery occlusion can occur from direct pressure to the eye and is usually a unilateral 
occurrence [131]. Cortical blindness is possible due to watershed blood supply to 
the visual cortex and susceptibility to hypoperfusion insults [130].

In a large case control study from 17 institutions, risk factors identified for devel-
opment of ION in adults undergoing spine surgery in the prone position included 
obesity, male sex, Wilson frame use, longer anesthetic duration, greater estimated 
blood loss, and decreased colloid administration relative to crystalloid [132]. In 
children, however, younger age, male gender, pre-existing iron deficiency anemia, 
having Medicaid insurance, and fusion of 8 or more spinal levels were identified as 
risk factors for POVL in patients who underwent elective idiopathic scoliosis repair 
[130]. A most recent 2019 practice advisory update from the American Society of 
Anesthesiologists Task Force on Perioperative Visual Loss has several recommen-
dations to mitigate risk (Table 29.3).

In the event of an emergency, the prone position is not ideal to provide resuscita-
tion. Chest compressions have been described in several case reports with patients 
in the prone position [133, 134]. A hard surface is required under the patient’s chest 
to provide sternal counter pressure to the thoracic compression [134]. During sur-
gery, the patient’s stretcher should remain close to the operating room in the event 
that patient needs to be turned from prone to supine. Turning for prone to supine is 

Table 29.3 Summary of recommendations from Practice Advisory for Perioperative Visual Loss 
Associated with Spine Surgery

Blood Pressure Management Use deliberate hypotension in high-risk patients only when 
the anesthesiologist and surgeon agree that its use is 
essential
Treat prolonged significant decreases in blood pressure

Management of Blood Loss and 
Administration of Fluid

Use of transfusion of blood as deemed appropriate
Crystalloids or colloids alone or in combination

Use of Vasopressors Adrenergic agents when necessary to correct hypotension 
on a case-by-case basis

Patient and Head Positioning 
Devices

Avoid direct pressure on the eye to prevent retinal artery 
occlusion
Check the position of the eyes periodically during surgery
Position the high-risk patient so that the head is level with 
or higher than the rest of the body when possible

Staging of Surgical Procedures On a case-by-case basis for high-risk patients

Modified from Practice Advisory for Perioperative Visual Loss Associated with Spine Surgery 
2019. Anesthesiology. 2019;130(1):12–30.
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a complex effort and rehearsed simulation with the peri-operative team can prepare 
for this event.

 Blood Loss

Given the large incision and prolonged exposure of raw bone surfaces, blood loss in 
scoliosis surgery can be substantial. As suggested throughout the chapter, numerous 
factors contribute to the degree of blood loss. From pooled studies, mean estimated 
blood loss for idiopathic scoliosis on the posterior spine is 600 to 1000 mL, with 
65–100  mL per level fused. For anterior surgery, blood loss averages from 
350–650 mL due to a smaller number of levels fused. In neuromuscular conditions, 
such as cerebral palsy, amounts range from 1300–2200  mL, and an amount of 
100–190 mL per level fused. Values for patients with DMD are similarly elevated, 
with amounts as high as 3000–4000 mL reported [135].

 Strategies to Limit Blood Loss and Allogenic Blood Transfusion

 Induced Hypotension
Pharmacologically induced hypotension can be achieved with numerous agents to 
lower mean arterial pressure (MAP) and subsequently decrease blood loss. No one 
agent has been proven superior to another. An international consensus of pediatric 
spine surgeons agreed that a target MAP of 60–70 mmHg was ideal for optimal care 
during spine exposure [136]. This is much higher than historical values, in which 
systolic blood pressures of 80 mm Hg were recommended for a hypotensive anes-
thetic technique [137].

However, there remains great debate as to what a normal pediatric blood pres-
sure is under anesthesia, with some suggesting a MAP < 60 as abnormal in idio-
pathic scoliosis patients [138]. There is value in the use of hypotensive anesthesia 
as it can reduce transfusion requirements by 55% and improve visualization of the 
surgical field [139]. It should be noted that most likely patients with pre-existing 
end organ damage or patients undergoing prolonged surgery are not good candi-
dates for hypotensive anesthesia. With regards to spinal cord perfusion, when sig-
nificant neuromonitoring changes suggestive of ischemia occurred in a large 
series of patients, MAPs were 55  mmHg. In addition to spinal cord perfusion 
concerns, the anesthesiologist should be aware of potential renal, cerebral, oph-
thalmologic and cardiac complications due to excessive and prolonged induced 
hypotension.

Primary agents used for induced hypotension are calcium channel blockers and 
beta blockers [140]. Clevidipine (Cleviprex, The Medicines Company, Parsippany, 
NJ) is a newer short-acting calcium channel blocker with a half-life of 1 to 3 min-
utes due to metabolism by non-specific blood and tissue esterases. In a series of 30 
patients with neuromuscular scoliosis undergoing a PSF, target mean arterial pres-
sures were reached in an average of 8.9 minutes, and more than half reached the 
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target MAP of 55–65 mmHg within 5 minutes. Of equal importance, MAPs returned 
to 65 mmHg or higher within 10 minutes upon discontinuation of the infusion [141].

 Antifibrinolytic Agents
Another essential component of patient blood management is the use of antifibrino-
lytic agents. Tranexamic acid (TXA) and epsilon-aminocaproic acid (EACA) are 
synthetic lysine analogs that competitively inhibit activation of plasminogen to 
plasmin. This in turn reduces plasmin breakdown of fibrin [142]. A large Cochrane 
review in 2016 included 9 studies and 455 participants undergoing pediatric scolio-
sis surgery showed that antifibrinolytics decreased blood loss by 427 mL, which is 
a 20% reduction compared to placebo. The volume of blood transfused was also 
decreased by 327 mL. The only adverse event reported was 3 cases of deep vein 
thrombosis (DVT) in a placebo group [143].

Dosing of antifibrinolytics in scoliosis surgery has not been fully elucidated. A 
retrospective review of 116 patients who underwent PSF for idiopathic scoliosis 
showed difference in blood loss between a high dose technique (50 mg/kg loading 
dose followed by 5 mg/kg/h) and a low dose technique (10 mg/kg loading dose fol-
lowed by 1 mg/kg/h). Higher dose TXA was associated with decreased intraopera-
tive and whole hospitalization transfusion requirements [144]. Dosing for EACA is 
also variable as well. A retrospective review compared EACA bolus dose of 100 mg/
kg followed by infusion rates of 33 mg/kg/hr compared to 10 mg/kg/hr. The 33 mg/
kg/hr group actually showed higher blood loss compared to the lower dose group 
(25.3 ml/kg vs. 17.4 ml/kg) [145]. Potential explanation for this unanticipated dif-
ference is that EACA can interfere with platelet-vessel wall interaction [146].

Some potential safety concerns with antifibrinolytics include seizures, thrombo-
embolism and renal dysfunction [147]. A large national database review of pediatric 
cardiac surgery patients showed that patients who received TXA compared to a 
cohort that did not, seizures were significantly higher (1.6% compared to 0.2%). 
There were no other differences in length of hospital stay or mortality [148].

 Intraoperative Cell Salvage
Intraoperative cell salvage systems collect blood shed from the surgical field and 
filter out debris such as platelets, white blood cells, clotting factors, irrigation solu-
tion and metal debris [149, 150]. Concerns do exist with intraoperative autologous 
transfusion (IAT) including altered hemostasis and coagulation due to residual hep-
arin [151]. However, even in children, heparin levels in transfused salvaged blood 
are zero to insignificant [149]. When IAT was instituted at a high volume center 
performing PSF for idiopathic scoliosis, intraoperative allogenic transfusion rates 
decreased from 55% to 6% and salvaged blood was used in 85% of cases [149].

 Preoperative Autologous Blood Donation
Preoperative autologous blood donation (PABD) can increase the likelihood that a 
patient undergoing scoliosis surgery will not need an allogenic blood transfusion 
[152]. Potential benefits include reduced risk of viral transmission and antibody 
formation [153]. However, patients who participated in a PABD program had a 
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lower starting hematocrit (37.8 vs. 40.2) and were also transfused at a higher hema-
tocrit (28 vs. 23.7) compared to patients who did not participate. Additionally, with 
a PABD program, there is higher cost of preparation, wasted units of autologous 
blood, and burden on the family for repeat visits to the hospital [154, 155].

In instances where a large amount of blood is to be collected, patients may ben-
efit from preoperative erythropoietin (EPO) to stimulate blood production. Adding 
erythropoietin to PABD strategies results in higher hematocrit values preopera-
tively, more PABD units obtained, and subsequently lower allogenic transfusion 
rates [156].

 Acute Normovolemic Hemodilution
Acute normovolemic hemodilution (ANH) can be an additional strategy to mini-
mize allogenic blood transfusion by way of removing blood through a large bore 
cannula and replacing with crystalloid or colloid prior to the beginning of the opera-
tion. The blood is then reinfused at the end of the procedure [157]. Cardiac index 
and oxygen extraction will increase with this technique and systemic vascular resis-
tance will decrease [158]. When ANH was used in a series of patients with AIS 
undergoing PSF, transfusion rates were 79% in a non-hemodilution group compared 
to 37% in the hemodilution group. A reduction of hematocrit to 30% was used with 
the ANH technique [159]. More substantial levels of hemodilution have been 
obtained in a series of patients with AIS undergoing PSF. Hemoglobin decreased 
from 10.0 to an average of 3.0  g/dL, while mixed venous oxygen saturations 
decreased from 90.8% to 72.3%. No patients had adverse outcomes from the tech-
nique, albeit patients were otherwise young and healthy [158].

 Normothermia
In an effort to reduce blood loss, maintaining normothermia should be a high prior-
ity for the anesthesiologist and perioperative team. Intraoperative hypothermia 
refers to a core body temperature less than 36 degrees Celsius and can consequently 
affect platelet function and enzymatic function in the coagulation cascade [160, 
161]. Patients undergoing spine surgery have significant portions of their body 
exposed to ambient air and large open wounds making them at high risk for hypo-
thermia. Institution of a pre-operative forced air warming protocol has shown ability 
to increase the first measured patient temperature in the operating room by 0.5 °C 
and reduce the duration of the case spent hypothermic by 111.1  minutes [162]. 
Similar retrospective review demonstrated an association with less allogenic blood 
transfusion in patients who were pre-warmed [163]. Adult literature suggests that 
hypothermia is associated with transfusion of allogenic blood products in high 
blood loss cases such as total knee or total hip arthroplasty [164]. More conclusive 
studies are needed to demonstrate a causal relationship between hypothermia and 
allogenic blood transfusion in pediatric spinal deformity surgery.

Additional concerns about infection risk occur with hypothermia. Natural killer 
cell function as well as cell-mediated antibody production are diminished during 
conditions of mild hypothermia [165]. A 1 °C decrease in core temperature during 
surgery can diminish lymphocyte function for 48 hours after surgery [166]. In a case 
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control study of 326 VEPTR surgeries, a temperature of 35.0 °C or less was identi-
fied as a risk factor for surgical site infection (SSI) [167]. The World Health 
Organization recommends the use of warming devices with the purpose of reducing 
SSI. This is a conditional recommendation with moderate quality of evidence [168].

 Transfusion Threshold
Restrictive transfusion thresholds can be utilized as an additional approach to limit 
allogenic blood transfusion. The AABB (formerly known as the American Association 
of Blood Banks) recommends a transfusion threshold of a hemoglobin of 8 g/dL for 
patients undergoing orthopedic surgery. This is a strong recommendation with mod-
erate quality evidence and is applicable to adults and children [169]. When consider-
ing patients with idiopathic scoliosis and a cobb angle of 40 to 90 degrees, 
international consensus is that a transfusion threshold of 7.0 g/dL intraoperatively is 
appropriate [136]. Organ specific anemia tolerance varies based on oxygen demands. 
As demonstrated in animal models, different organs tolerate different degrees of ane-
mia. Tissue hypoxia in anesthetized pigs developed more quickly in the kidneys and 
skeletal muscle as opposed to the brain and heart [170]. Even in high risk adult popu-
lations, large randomized controlled trials show non-inferiority and reduction in 
blood transfusion with a hemoglobin transfusion threshold of 7.0 g/dL [171].

 Iron Therapy and Anemia
In a large study of AIS patients requiring allogenic blood transfusion, preoperative 
anemia was identified as a significant risk factor. Of 210 patients,16 (8%) had a 
preoperative hemoglobin level of 12 g/dL or less, which increased odds of transfu-
sion by 9 times [172]. Importantly, significant association between pre-operative 
anemia and in-patient mortality has also been observed on review of the American 
College of Surgeons National Surgical Quality Improvement Program (ACS 
NSQIP) database from 2012–2014 [173]. Preoperative screening and treatment of 
mild anemia in adult patients undergoing hip and knee arthroplasty has demon-
strated reduced transfusion rates, length of stay, and critical care admission [174]. 
Iron deficiency anemia affects children with a prevalence of 0.9% to 4.4% [173]. 
Given success in adult populations in screening and treating for iron deficiency 
anemia, it remains to be seen if similar programs can have success in children 
undergoing posterior spinal fusion [175].

 Spinal Cord Monitoring

Spinal cord injury during scoliosis surgery ranges from small sensory disturbances 
to paraplegia [176]. Reports from 2004–2016 looking at 84,320 patients undergoing 
surgery for AIS, the rate of new neurological deficit was 0.35%, or 235 patients. The 
deficit was detected intraoperatively in 134 patients, immediately postoperative in 
103, and delayed in 54 patients. Recovery was reported in 203 patients, but unfortu-
nately 15 did not recover [177]. Imperative to recovery from injury is recognition of 
the insult as soon as possible [176].

29 Anesthesia for Pediatric Spinal Deformity



690

Intraoperatively, neurologic insult can be from direct nerve trauma from an 
instrument or implant, spinal cord ischemia related to hypotension, and stretching 
of the spinal cord during corrective maneuvers. The use of somatosensory evoked 
potentials (SSEPs) and transcranial evoked motor potentials (TcMEPs) provides 
timely information at the time of a neurologic insult [178]. Historically, prior to use 
of intraoperative neurophysiologic monitoring (IONM), the Stagnara wake-up test 
was the only method to detect an intraoperative neurologic insult [179]. As the name 
implies, patients are awoken from their anesthetic and asked to move their hands to 
evaluate consciousness. Then, the patient is instructed to move their feet or wiggle 
their toes to evaluate motor function. The test is a high-risk endeavor, with risk of 
accidental intubation, unpleasant recall, increased surgical time, and importantly, a 
delay in the actual diagnosis of an abnormality [180]. The combination of SSEPs 
and TcMEPs has a sensitivity of 100% and specificity of 88% for detecting a true 
neurologic event and has largely supplanted the wake-up test [181].

However, monitoring can be challenging in certain populations. In a study of 39 
patients with cerebral palsy undergoing corrective surgery, TcMEPs were monitor-
able in only 63% of patients with mild-moderate CP and 39% of those with severe 
disease. SSEPs were monitorable in 82% of all CP patients [182]. Similarly, patients 
with neural axis abnormalities such as syringomyelia, tethered cord, and diastema-
tomyelia underwent successful SSEP monitoring (85.4%) and MEP monitoring 
(82.6%) in a series of 41 patients [183].

 Somatosensory Evoked Potentials
SSEPs were the first opportunity for real time monitoring of neurologic function 
intraoperatively [184, 185]. The integrity of the dorsal column-medial lemniscus 
pathway is monitored and consists of a primary afferent signal in the periphery that 
travels up the dorsal column and is monitored with cortical and subcortical responses 
[180]. There is no monitoring of motor function with SSEPs, and despite normal 
SSEPs during surgery, patients can wake up with deficits [186].

Stimulating electrodes are placed over the posterior tibial nerves and occasion-
ally, if responses are unobtainable, more proximally at the common peroneal nerve 
in the popliteal fossa. The median nerves are monitored in the upper extremities 
[185]. The nerves are stimulated at fixed intervals throughout the surgery and the 
amplitude (height) and latency (time of occurrence) are compared to a baseline 
recording [3, 185]. Amplitude is measured as the peak to peak voltage difference 
(microvolts) and latency is the time from stimulus to the peak (milliseconds). 
Concerning changes are an amplitude decreased by 50% and/or latency that is 
increased by 10% [186].

 Selecting Anesthetic Agents

SSEPs are sensitive to volatile inhaled anesthetics, however, satisfactory monitoring 
can be obtained with 0.5–1 MAC [187]. The addition of nitrous oxide to an inhaled 
anesthetic can decrease amplitude of SSEPs by 75% [188]. Latency remains 
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Table 29.4 Anesthetic agent effects on somatosensory evoked potentials

Medication Latency Amplitude
Volatile agents Increased Decreased
Nitrous oxide Minimal change Decreased
Opioids Minimal change Minimal change
Dexmedetomidine Minimal change Minimal change
Midazolam Minimal change Decreased
Ketamine Minimal change Increased
Etomidate Minimal change Increased
Propofol Minimal change Minimal change

unchanged with nitrous oxide [187]. Midazolam also decreases amplitude with no 
changes to latency. Ketamine and etomidate both increase amplitude with little 
change in latency, which can be useful during times where monitoring changes 
occur [187, 189]. Opioids generally have no change on amplitude or latency. 
However, changes can occur with large bolus doses but less likely with continuous 
infusions [187, 190]. Propofol, when used in combination with an opioid such as 
sufentanil, produces a decrease in amplitude and  increase in latency. However, 
30 minutes after induction, these changes stabilize and allow for adequate SSEP 
monitoring during surgery [187, 191]. Dexmedetomidine produces minimal changes 
in SSEPs or MEPs [192]. See Table 29.4 for common anesthetic agents and their 
effects on SSEPs.

 Motor Evoked Potentials
Descending motor pathways are stimulated via scalp electrodes and recording 
of signals is via epidural electrodes or in peripheral muscles via compound muscle 
action potentials (CMAPs) [185]. The importance of TcMEPs was highlighted in a 
review of 1121 pediatric patients who underwent corrective spine surgery and had 
monitoring with both TcMEPs and SSEPs. Overall, 38 patients (3.4%) had a neuro-
monitoring signal change. Of 7 patients with a confirmed motor deficit, SSEP failed 
to detect this change in 4 of the patients. Furthermore, when neuromonitoring 
changes occurred, SSEP changes lagged behind TcMEP by an average of 5 min-
utes [176].

Placement of epidural leads in the surgical field allows for recording of Direct 
(D) waves [180, 193]. D-waves are the result of direct stimulation of motor neurons 
via one transcranial electrical stimulus [194, 195]. They are not routinely monitored 
as they require epidural lead placement directly in the operative field or percutane-
ously into muscle [185]. They are, however, less sensitive to the effects of haloge-
nated agents compared to CMAPs [193]. Additionally, with epidural recording of 
D-waves, neuromuscular blocking agents can be used because activity of peripheral 
muscles is not being monitored [196].

CMAPs are monitored via electrodes placed in peripheral muscles. Commonly 
used muscles are the abductor pollicis brevis, adductor hallucis brevis, and tibialis 
anterior [185]. The generation of a CMAP is dependent upon interaction of cortical 
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axon synapses and spinal cord anterior horn cells, both of which are sensitive to the 
effects of anesthetics [194, 197]. The stimulus can be delivered in a single impulse 
or multiple pulses, typically 5–7, as part of a train of pulses [198]. Multiple pulses 
can facilitate a process known as temporal summation. Upon stimulation, sodium 
channels remain open for 1–2 mS and then excitatory post-synaptic potential decays 
over the next 10–15 mS. A repeated stimulus delivered during this time will result 
in increased responses due to temporal summation [199].

All volatile anesthetics and nitrous oxide produce dose dependent decreases in 
MEP amplitudes [197]. Opioids have little effect on MEPs, as does Ketamine [200]. 
Use of total intravenous anesthetic (TIVA) limits the need for volatile agents or 
nitrous oxide. A combination of dexmedetomidine, propofol, and remifentanil infu-
sion titrated to maintain a stable depth of anesthesia is one example of an anesthetic 
that is compatible with neuromonitoring [192]. Similarly, when ketamine is added 
to an anesthetic infusion of propofol and remifentanil, the voltage required to 
achieve maximum amplitude MEPs did not change [201]. Maintenance of a stable 
level of anesthetic and avoidance of bolus dosing will lead to more interpretable and 
reliable MEP recordings [197].

The term “anesthetic fade” is of potential importance during lengthy corrective 
surgery. Despite a consistent anesthetic regimen, it is common to see that the mini-
mum voltage threshold required to produce an adequate MEP response increases as 
anesthetic duration is prolonged. This can lead to an increased incidence of “false 
positive” alerts. In a review of 703 adult spine surgery patients, the incidence of 
“false positive” alerts were 14%. An alert was noted if the TcMEP was ≤30% of the 
baseline. The authors noted an independent association between total propofol dose 
(>1550 mg), large variations in body temperature (1  °C), and greater blood loss 
(500 mL) [202]. One potential explanation for propofol’s effect on TcMEP is that as 
blood loss continues during a long surgery, drug concentration will rise despite 
continuous infusion [203, 204].

 Electromyography
Monitoring of spinal cord function with SSEP and MEP does not allow for identifi-
cation of specific nerve root injury. Use of electrical and mechanical electromyog-
raphy (EMG) allows the surgeon to identify excessive nerve root traction or 
mechanical injury. Mechanically elicited EMG, also known as spontaneous or free-
run EMG, are passively continuous EMGs [180, 205]. A “burst” on EMG can sim-
ply be from mechanical contact with a spinal nerve root. A “train” of activity can 
imply traction on a nerve, mechanical irritation, or perhaps effect of cold irrigation 
solution [205]. Electrically elicited EMG also known as stimulus-evoked EMG or 
triggered EMG can be used to identify a cortical breach with a pedicle screw [206]. 
If the pedicle screw has breached the boney cortex, electrical stimulation will cause 
the nerve root at the given spinal level to depolarize at a much lower current than 
what is typical. This will in turn cause the corresponding muscle of that nerve root 
to contract, which can be recorded as a CMAP. As with TcMEPs, neuromuscular 
blocker usage should be limited when EMG is utilized [205].
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 Incidence, Cause, and Response to IONM Changes
In a retrospective review of 1121 consecutive patients with AIS undergoing correc-
tive surgery, 38 (3.4%) of patients met criteria for a signal change. Nine of these 
patients experienced decreased TcMEP, but unchanged SSEPs, deemed to be the 
result of hypotension. The average mean arterial pressure (MAP) was 59 mm Hg, 
which was below the suggested MAP of 65 mm Hg in the study. The amplitude of 
the TcMEPs returned to baseline within 5 minutes of increasing the MAP to 90 mm 
Hg. The other 27 patients experienced IONM changes related to surgical technique, 
with the application of corrective forces being most common cause [176].

Additionally, in a series of 1155 patients undergoing pediatric spinal deformity 
correction, 8 transient false positive events were related to low mean arterial pres-
sure (<60 mm Hg). They were considered as false positive due to improvement fol-
lowing augmented blood pressure. A true positive event (11 total) was more likely 
related to surgical instrument placement, spinal osteotomies, or corrective maneu-
vers [207].

 Response to Intraoperative Neuromonitoring Changes

Use of surgical checklists can result in decreased complication and mortality rates 
[208]. A checklist, such as that published in 2014 by a consensus group of expert 
spine surgeons, identifies several key areas to address when faced with a crisis such 
as significant IONM changes [209]. The anesthesiologist has a direct and critical 
role in response to IONM changes (Fig. 29.7). Several factors need to be optimized 
by the anesthesiologist including choice of anesthetic agent and maintenance of 
normal physiologic variables (temperature, oxygenation and ventilation, blood 
pressure, and hemoglobin). Although transfusion recommendations are typically at 
a hemoglobin of 8 g/dL or less, this value should be reconsidered in the face of 
persistent neuromonitoring changes that do not respond to simple corrective mea-
sures [210]. Based on study of responses to neuromonitoring events, a MAP of 
80 mmHg or higher is an appropriate target in the face of an IONM change [176, 
207, 211–213].

Should neuromonitoring signals not improve, the anesthesiologist should be pre-
pared for a potential wake up test and for the administration of high dose corticoste-
roids [209]. Although its use remains controversial, methylprednisolone 30 mg/kg 
followed by 5.4 mg/kg/hr for 24 hours is an option in the face of persistent neuro-
logic deficits [214–216]. IONM changes can present stressful times in the operating 
room and coordinated efforts of all team members is imperative to generate positive 
outcomes.

 Multi-Modal Pain Management
Corrective surgery for spinal deformity is a highly painful procedure for children 
and adolescents and use of multi-modal analgesia is critical for recovery and for 
the prevention of chronic post-surgical pain. Pain is a high concern collectively 
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Checklist for the Response to Intraoperative Neuromonitoring
Changes in Patients with a Stable Spine

GAIN CONTROL OF ROOM ANESTHETIC/SYSTEMIC
TECHNICAL/

NEUROPHYSIOLOGIC SURGICAL

ONGOING CONSIDERATIONS

Intraoperative pause:
stop case and announce
to the room

Eliminate extraneous
stimuli (e.g., music,
conversations, etc.)

Summon ATTENDING
anesthesiologist, SENIOR
neurologist or
neurophysiologist, and
EXPERIENCED nurse

Anticipate need for
intraoperative and/or
perioperative imaging if
not readily available

Optimize mean arterial
pressure (MAP)

Optimize hematocrit

Optimize blood pH and
pCO2

Seek normothermia

Discuss POTENTIAL
need for wake-up test with
ATTENDING
anesthesiologist

Discuss status of
anesthetic agents

Check extent of
neuromuscular blockade
and degree of paralysis 

Check electrodes and
connections

Determine pattern and
timing of signal changes

Check neck and limb
positioning; check limb
position on table
especially if unilateral loss

REVISIT anesthetic/systemic considerations and confirm that they are optimized

Wake-up test

Consultation with a colleague

Continue surgical procedure versus staging procedure

IV steroid protocol: Methylprednisolone 30 mg/kg in first hour, then 5.4 mg/kg/h for
next 23 hrs

Discuss events and
actions just prior to signal
loss and consider
reversing actions:

Remove traction (if
applicable)

Decrease/remove
distraction or other
corrective forces

Remove rods

Remove screws
and probe for
breach

Evaluate for spinal cord
compression, examine
osteotomy and
laminotomy sites

Intraoperative and/or
perioperative imaging
(e.g., O-arm, fluoroscopy,
x-ray) to evaluate implant
placement

Fig. 29.7 Multi-disciplinary response to IONM changes as suggested by a consensus group of 
expert spine surgeons. (From Vitale et al. [209])

for patients and parents of children undergoing surgery for AIS [217]. By using 
multiple agents that work via different pharmacologic mechanisms, multi-modal 
analgesia allows for combination of drugs to be used at lower doses in order to 
limit untoward side effects of a single drug and maximize analgesic properties 
[218–220].

Pre-emptive analgesia refers to the concept of administering medication prior to 
surgery in order to diminish the establishment of pain hypersensitivity intraopera-
tively [221]. In AIS patients, highest pain scores are expected 12 hours after surgery 
and typically subside to more tolerable levels by post-operative day 4 [222]. Several 
methods to control post-operative pain exist, which begins in the pre- operative period.

Gabapentin, when begun on the day of surgery, has shown efficacy in reduction 
postoperative pain via reduction of afferent neuronal hyperexcitability [223]. 
Although use is off label for pediatric pain control, several dosing strategies have 
been developed [224]. A single dose of 600 mg in AIS patients did not show benefit 
in reducing pain or opioid consumption in a double-blind randomized control trial 
[225]. When dosed for several days in a double-blind randomized control trial 
(15 mg/kg on day of surgery followed by 5 mg/kg three times a day for five days), 
the gabapentin group showed less opioid use on through post-operative day 2 and 
lower pain scores in the recovery room and morning after surgery. No differences in 
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morphine related side effects (oxygen consumption, foley catheter use, bowel move-
ment) were noted between the placebo and treatment group [226].

Diazepam, a long-acting benzodiazepine, can be administered prior to surgery to 
facilitate anxiolysis as well as muscle relaxation. When administered at doses of 
0.3 mg/kg orally, similar sedation scores can be seen as with oral midazolam at doses 
of 0.5 mg/kg [227]. In AIS, a reasonable dose to administer is 0.1 mg/kg orally up to 
a maximum of 10 mg two hours prior to the procedure. This can be followed by 2 mg 
of intravenous midazolam immediately pre-procedure. Diazepam can be continued 
in the post-operative period during the first few days of recovery [228].

Systemic opioids have historically been the “gold” standard for pain control 
post-operatively [220]. Use of patient controlled analgesia (PCA) with morphine is 
a common practice in pain control for adolescents undergoing spinal fusion [225, 
229, 230]. In addition, children as young as 6 can safely receive a PCA [231–233]. 
Severely delayed or medically complex spinal fusion patients may not be appropri-
ate candidates for a PCA device. Intraoperatively, intrathecal morphine can be 
administered prior to incision to facilitate analgesia for several hours postopera-
tively and delay the need for systemic opioids [234–236]. Caution is advised with 
high doses (9–19 μg/kg) as this can increase likelihood of respiratory depression 
and pediatric intensive care unit (PICU) admission [237]. A lower dose range, 
5–10 μg/kg, provides effective analgesia and less likelihood of a PICU admission. 
However, side effects such as nausea, vomiting, and pruritus are to be expected [236].

Epidural catheters placed in the surgical field can be utilized for post-operative 
pain control. There is a large variation in drug mixtures, method of administration, 
and the position or number of catheters [220]. Pain control was compared in a pro-
spective trial of PCA, single epidural catheter, or dual epidural catheter techniques. 
Patients who received dual epidural catheters had lower pain intensity and did not 
experience any episodes of respiratory depression or neurologic changes [238]. 
Patients with single epidural catheters compared to PCA also show improved pain 
control. However, a large retrospective study comparing 413 epidural patients to 
200 PCA patients showed premature discontinuation of catheters in 54 patients due 
to poor analgesia (61.1%) or neurologic changes (14.8%). No patients had perma-
nent deficits [239].

Clonidine and dexmedetomidine are α2-adrenergic receptor agonists utilized to 
augment pain control and anxiolysis in pediatric spine surgery [230, 240]. Analgesia 
occurs via agonism at the α2-adrenergic receptor at the dorsal horn of the spinal 
cord and anxiolysis occurs via decreased central sympathetic output at the locus 
ceruleus [241]. When transdermal clonidine was added to a post-operative care 
pathway consisting of gabapentin and morphine PCA, the number PCA attempts 
decreased significantly and time to ambulation was decreased. In a prospective trial 
of morphine infusion compared to dexmedetomidine infusion for patients undergo-
ing PSF for AIS, patients who received a dexmedetomidine infusion for the first 
24  hours post-operatively had similar pain scores but statically significant less- 
opioid requirements throughout their hospitalization. Additionally, 15.6% of 
patients in the morphine group developed an ileus post-operatively compared to 
3.2% in the dexmedetomidine group [230].
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Beyond use as a component of balanced anesthesia, low dose perioperative ket-
amine can be utilized to decrease post-operative opioid requirements and improve 
analgesia [220]. A meta-analysis of 14 randomized controlled trials showed adjunc-
tive ketamine in adult spine surgery patients lowers pain scores for the first 24 hours 
and decreased opioid requirements for the first 24 hours with no increased in adverse 
side effects from ketamine such as unpleasant dreams, hallucinations, or dysphoria 
[242]. However, when perioperative ketamine use in AIS was studied in a double- 
blind randomized placebo-controlled study, results did not demonstrate significant 
benefit in post-operative pain control. Patients received 0.5 mg/kg at induction of 
surgery followed by 2 μg/kg/min until 72 hours post-surgery. There was no differ-
ence in morphine usage between the two groups [243]. A similar trial evaluated 
morphine usage, but took into account patient weight to report in terms of milli-
grams per kg. Morphine usage (mg/kg), pain scores, nausea and vomiting were all 
decreased compared to placebo when ketamine was administered 0.5  mg/kg at 
induction followed by 0.2 mg/kg/h for 48 hours after surgery [244].

Acetaminophen, whether oral or intravenous, should be included in standardized 
care pathways. Data suggesting value of intravenous over oral acetaminophen is 
lacking in the scoliosis population. A randomized controlled trial with 30 mg/kg of 
intravenous acetaminophen at the conclusion of scoliosis surgery followed by 2 
additional doses at 8-hour intervals showed a reduction in pain scores but no differ-
ence in total opioid administered. The authors used a total 24-hour dose of 90 mg/
kg and drug levels were well below toxic thresholds. However, the sample size was 
small (n = 18) [245]. In adult joint arthroplasty patients, a single dose of intravenous 
acetaminophen as pre-emptive analgesia showed benefit in pain control in the first 
four hours after surgery. However, when intravenous was continued for an addi-
tional three doses post-operatively, it showed no benefit over the much less costly 
oral formulation [246].

In addition to acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs) 
are key components of multi-modal pain control in pediatric spine deformity sur-
gery [220]. In a small retrospective review of 60 patients, use of ketorolac did not 
increase complications such as transfusion, bleeding, or re-operation in patients 
undergoing scoliosis surgery [247]. Given the concern for poor bone healing related 
to prostaglandin inhibition, pseudoarthrosis remains a concern in patients receiving 
NSAIDs. A larger retrospective review of 158 patients receiving ketorolac post- 
operatively showed no differences in rates of failed boney fusion when compared to 
a cohort of 161 patients that did not receive ketorolac [248]. Short term exposure of 
less than 14 days to normal doses of NSAIDs likely does not affect bone healing in 
adult spine surgery patients [249]. Use of NSAIDs is surgeon and institution 
dependent.

Emerging methods to control pain include local infiltration anesthesia with a 
long acting local anesthetic, liposomal bupivacaine (Exparel, Pacira 
Pharmaceutical,Parsippany, NJ) (Fig. 29.8). When injected into the surgical wound, 
it can provide up to 72 hours of analgesia via slow release of bupivacaine from 
multi-vesicular liposomes [250]. Use has been well established in adult orthopedic 
procedures, including singe level spine decompression [251, 252]. Results 
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Fig. 29.8 Local 
infiltration into paraspinal 
musculature, fascia, and 
subcutaneous tissue during 
PSF from T5-L1 for 
AIS. The local anesthetic 
mixture consisted of 
liposomal bupivacaine 
(Exparel), bupivacaine 
HCl, and normal saline. 
The patient began oral 
opioids on the night of 
surgery and was discharged 
home on postoperative day 
2. (From Scottish Rite for 
Children)

regarding pain scores, opioid usage, and time to discharge are mixed and more rig-
orous study is needed. Safety in pediatric spine surgery patients has been demon-
strated without report of local anesthetic systemic toxicity [253, 254].

 Postoperative Recovery

Multi-modal analgesia is a key component of rapid recovery pathways for scoliosis 
surgery. Such pathways are designed to facilitate patient recovery by reducing opi-
oid consumption, encourage early oral intake and mobilization and ultimately an 
earlier discharge [228]. For example, when compared to traditional care at a high 
volume children’s spine hospital, use of an accelerated discharge pathway resulted 
in a length of stay of 2.2 days compared to 4.2 days [229]. Key components of the 
accelerated pathway included resumption of a diet on the first post-operative day 
regardless of return of bowel function and early transition from PCA to oral opioids 
with use of multi-modal analgesia. Mobilization was begun on the morning post- 
operatively and continued two to three times a day. Absence of a bowel movement 
did not preclude discharge. Readmission rates and complications were similar 
between the two groups of AIS patients [229]. Highly important for success of the 
program was the education of patients and families to expect discharge on post- 
operative day 2 [229, 255–257].

 Recovery in Intensive Care Unit Versus General Floor

In high volume spine centers taking care of otherwise healthy AIS patients, admis-
sion to the intensive care unit is generally unnecessary baring any intraoperative 
complications [258, 259]. In a retrospective study at a high volume institution, 
patients that recovered on the general floor had lower requirements for analgesic 
and antianxiety medicine, less blood draws, and shorter hospital stays [258]. Critical 
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to limiting adverse events in the study was nurse-to-patient ratios of 1:1 the first 
postoperative night, tenured nursing staff taking care of general floor patients, and 
comprehensive neurological assessment every two hours [258].

Delayed post-operative neurologic deficits (DPNDs) are a feared complication 
and highlight the importance of close hemodynamic and neurologic monitoring 
post-operatively. Estimated rates for DPNDs in pediatric spine deformity surgery 
are 1 in 9910 cases (0.01%), with 64% occurring in the first 24 hours post- operatively 
and 90% within 48 hours. Potential causes include delayed spinal cord ischemia due 
to spinal cord stretch or post-operative hypotension and anemia. Compression 
related issues from an epidural hematoma or instrumentation are other causes [260]. 
Continued vigilance in the immediate post-operative period is paramount to allow 
for corrective action to occur as soon as possible [259, 260].

Neuromuscular patients with co-morbidities that undergo lengthy and high blood 
loss procedures in the prone position may not be candidates for extubation in the 
immediate post-operative period and require ICU admission. However, at experi-
enced centers, many patients can be managed in an intermediate level of care [261]. 
In a series of 197 patients with neuromuscular scoliosis undergoing PSF, only 15% 
were admitted to the ICU. The majority of these admissions were due to pulmonary 
complications or concerns. The majority of patients, 142, had severe cerebral palsy 
as the primary diagnosis. In institutions with adequate nursing and ancillary staff 
resources, ICU admission can be a case by case decision [261].

 Summary

A key understanding of the patient’s disease process contributing to spinal defor-
mity is the foundation for a safe peri-operative course. Thorough pre-operative 
evaluation is essential as is preparation for care in the post-operative period. Hospital 
recovery can range from a two day stay on a general surgical floor to a prolonged 
ICU admission. Tailoring the anesthetic regimen to the patient’s condition and pro-
posed surgery is not unique to pediatric spine deformity but has heightened impor-
tance in the case of a complex operation. Meticulous intraoperative care leads to the 
possibility for early extubation and can limit use of intensive care units. Growing in 
popularity are standardized care pathways that provide uniformity and decreased 
variation amongst care teams in order to provide safe, cost-effective, and high-qual-
ity recovery from spine surgery.
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30Regenerative Therapies

Nenna Nwazota and Amr Hegazi

 Introduction

Historically, the term ‘regenerative medicine’ was first used in a 1992 article on 
hospital administration when the author listed the technologies which would impact 
the future of hospitals [1]. After many years of basic research, this approach is 
beginning to represent a valuable treatment option for acute injuries, chronic dis-
eases and congenital malformations.

Future applications of stem cells include Parkinson’s disease, coronary artery 
disease, cardiomyopathy, congestive heart failure, bone marrow transplants, leuke-
mia, and cell replacement therapy in neurological disease to name a few [2]. 
Furthermore, the advancements of medical science presume using stem cells to treat 
cancer, muscle damage, autoimmune disease, and spinal cord injuries among sev-
eral other impairments and diseases. In general, stem cell research has created hope 
for potential therapeutic application.

 Regulatory Landscape

The U.S. Food and Drug Administration (FDA)‘s role has expanded to include new 
therapies, such as biologics, as long as they are used to treat serious illnesses. The 
FDA’s Center for Biologics Evaluation and Research’s (CBER) Office of Cellular, 
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Tissue, and Gene Therapies (OCTGT) has been tasked with overseeing use of 
human cell and tissue-based products (HCT/P). In 2016 the FDA passed the twenty- 
first Century Cures Act which allows for expedited processing of regenerative medi-
cine advanced therapies. The Act requires expedited review of regenerative therapies 
intended to “treat, modify, reverse, or cure” life-threatening conditions if there is an 
unmet need. There is less federal regulation around regenerative products that are 
(1) “minimally manipulated”, (2) intended for homologous use, (3) not combined 
with any other product type and (4) have limited systemic effect or intended for 
autologous use. This includes most blood-derived regenerative therapies such as 
platelet rich plasma and autologous conditioned serum. Sections 351 and 361 of the 
FDA’s Public Health Services Act regulates HCT/Ps that do not meet these criteria.

Hematopoietic stem cells are the only stem cells which are FDA approved, all 
others are considered investigational. Research or research sponsors must apply for 
an Investigational New Drug designation prior to conducting clinical trials using 
HCT/Ps. This oversight is important – some people feel the field of regenerative or 
stem cell therapy is far less advanced than the public has been led to believe. To that 
end, in 2017 the FDA announced increased enforcement of regulation and oversight 
of stem cell clinics.

The Federal State Medical Board created a working group in 2018 to address stem 
cells and regenerative therapies at the behest of the U.S. Congress. They have created 
guidelines surrounding best practices for the regulation, promotion, communication 
and treatments offered at stem cell clinics in the United States. Their recommenda-
tions include the FDA requirement for minimal manipulation, guidance around mar-
keting of benefits of these investigational therapies, disclosure requirements for 
providers and facilities among others. The International Society for Cell & Gene 
Therapy has convened a global regulatory task force with similar objectives.

While these regulations have clear benefits, there are some drawbacks [3]. 
Canada and Europe have their own regulatory agencies, Health Canada and 
European Medicines Agency, respectively. This means requirements vary by coun-
try and the complex regulatory landscape makes multi-center regenerative trials 
challenging. The costly nature of HCT/P development limits trials to academic cen-
ters and centers with comparable funding. Despite recent legislation to expedite 
innovative therapies, there are still several barriers that regenerative researchers 
need to overcome. This creates difficulty in generating sufficient data in human 
studies to assess the efficacy of HCT/Ps. Further, there is a lack of formal mecha-
nisms for reporting outcomes of HCT/P therapies and there is no mechanism to 
report adverse outcomes of these therapies.

 Blood-Derived Products

 Platelet-Rich Plasma

PRP is also known as platelet-rich growth factor (GFs), platelet-rich fibrin (PRF) 
matrix, and platelet concentrations (PC). PRP is the most commonly used 
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biologic in the lumbar spine. Hematologists first created the term PRP in the 
1970s to describe the autologous preparations and enrichment of platelets from 
plasma- concentrate (i.e. with platelet count above that of peripheral blood). It was 
initially used as a transfusion product to treat patient with thrombocytopenia.

In the late twentieth century PRP found use in surgical applications for aiding 
wound closure, reducing inflammation, and increasing new cell growth. At that time 
PRP was mostly used in periodontal surgery, maxillofacial surgery, cosmetic sur-
gery and skin grafting. Over the past 2 decades, PRP therapy has expanded to sev-
eral other clinical areas including neurosurgery, head and neck surgery, urology, 
orthopedic/spine surgery, cardiothoracic and general surgery [4]. Despite this broad 
clinical use, PRP is only FDA approved for use with ligament grafting and approxi-
mation of bony matrices during reconstruction.

The main function of platelets is to participate in primary hemostasis through 
four steps: adhesion, activation, secretion, and aggregation. Platelet granules con-
tain different bioactive chemical mediators, many of which have a fundamental role 
in hemostasis and tissue healing. Platelets are highly responsive and can alter the 
environment through the release of growth factors, chemokines, coagulant factors, 
RNA species, and extracellular vesicles.

PRP is a biological product defined as a portion of the plasma fraction of autolo-
gous blood with platelets more than what is typically found in blood [5]. As such, 
PRP contains not only a high level of platelets but also the full complement of clot-
ting factors. It is enriched with a range of GFs, chemokines and other plasma pro-
teins. The concentration of platelets, and thereby, the concentration of GFs can be 
5–10 times greater than usual.

PRP products are divided into four families, based on leukocytes and fibrin 
content:

 1. Pure platelet-rich plasma (P-PRP) which is also known as plasma rich in growth 
factors (PRGF)

 2. Leukocyte-and platelet-rich plasma (L-PRP). They are usually in the form of gel 
or liquid and are characterized by a low-density fibrin network, with or without 
leukocytes

 3. Platelet-rich fibrin matrix (PRFM) or pure platelet-rich fibrin
 4. Leukocyte-and platelet-rich fibrin (L-PRF) [6].

P-PRP and P-RFM are the most widely used since they allow for injection and are 
not prone to clotting.

Growth factors derived from PRP can contribute to tissue regeneration by assist-
ing cell migration, proliferation, differentiation and extra-cellular matrix synthesis 
[7]. Table 30.1 summarizes numerous growth factors.

The varying GF concentration may have different biologic effects, resulting in 
the fact that individual differences in GF levels should be considered for reliable 
interpretation of the biologic functions and standardized application of PRP. There 
are several factors affecting GF concentration in PRP – donor-related (e.g., age, 
gender, comorbidities, medications, nutritional status), processing-related (e.g., 
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Table 30.1 Growth factors with roles in tissue regeneration

Growth Factor Function
Platelet-derived (PDGF) Enhances collagen synthesis, proliferative activity, macrophage 

activation.
Transforming growth 
factor beta (TGF-B)

Enhances synthesis of type one collagen, promotes angiogenesis, 
stimulates, chemotaxis of immune cells, inhibits osteoclasts 
formation and bone resorption.

Vascular endothelial 
growth factor (VEGF)

Stimulates angiogenesis, migration and mitosis of endothelial cells, 
increases permeability of the vessels, stimulates chemotaxis of 
macrophages, and neutrophils.

Epidermal growth factor 
(EGF)

Stimulates cellular proliferation, differentiation of epithelial cells, 
promotes cytokine secretion by mesenchymal and epithelial cells.

Insulin-like growth 
factor (IGF)

Promotes cell growth, differentiation, recruitment in bone, blood 
vessel, skin and other tissue, stimulates collagen synthesis together 
with PDGF.

Hepatocyte growth 
factor (HGF)

Promotes angiogenesis, promotes cellular proliferation and resists to 
apoptosis.

Fibroblast growth factor 
(FGF)

Promotes proliferation of mesenchymal cell, chondrocytes 
osteoblasts and stimulates the growth and differentiation of 
chondrocytes and osteoblasts.

collection & storage conditions, spin protocol, activation protocol, storage), 
delivery- related (e.g., form of delivery, timing in relation to isolation, timing in rela-
tion to activation), host factors, and chronicity of injury to name a few.

There are many commercial systems available to create PRP from autologous 
whole blood. In most of the available systems, whole blood is centrifuged, which 
separates the samples cellular products based on different specific gravity. PRP can 
be prepared by the:

 1. PRP method: it is performed by two consecutive centrifugations. During the 
first one (10 minutes), the blood separates into red corpuscular base, buffy coat 
and the platelet poor plasma. The last two components are re-centrifuged for 10 
more minutes after which PRP will be collected in the bottom of the tube and 
suspended in a minimal quantity of plasma (2–4  ml) by gently shaking the 
tube [8].

 2. Buffy-coat method: Before centrifugation whole blood is stored at 20–24 C. The 
blood is centrifuged at a high speed resulting in three layers: a bottom layer con-
sists of red blood cells; a middle layer consists of platelets and white blood cells 
(Buffy coat) and a top layer contains platelet-poor plasma (PPP). The top layer 
is discarded from the tube. The buffy-coat layer is transferred to another sterile 
tube, then centrifuged at low speed to separate white blood cells.

In order to optimize PRP extraction, it is necessary to follow several important 
parameters. First, the centrifugation process should be sterile and accurately per-
formed to produce optimal platelet separation and sequestration with minimal 
damage or lysis, which could result in premature release of growth factors. 
Second, platelet concentration should be at least 2.5 times higher than the platelet 

N. Nwazota and A. Hegazi



715

concentration in plasma [9]. Some cite a concentration of at least 300–400% 
greater in order for PRP to have therapeutic effect [10].

There is no consensus on whether platelets must be activated before their appli-
cation. Some authors activate platelets with thrombin or calcium while others apply 
platelets without activating them claiming better results [11]. The choice of exoge-
nous pre-activation of platelets and the number of applications is important in 
choosing a suitable protocol. Anti-thrombotic drugs are likely to effect PRP efficacy 
and they should be held prior to PRP application. Similarly, NSAIDs may alter the 
efficacy of PRP due to their inhibitory platelet effects and bone healing.

Studies have shown that both PRP and stem cells (SC) can complement each 
other and might have advantage when used in combination. For example, PRP may 
offer a suitable microenvironment for MSCs by promoting proliferation and differ-
entiation and accelerating wound healing capabilities. PRP can be a powerful tool 
to attract cell populations, such as MSCs, a combination of which provides a prom-
ising approach for treatment [12]. It has also been mentioned that PRP can contrib-
ute to the proliferation of bone marrow mesenchymal stem cells and their 
differentiation into osteoblasts [13]. These authors also felt PRP may be the ideal 
origin of GFs for many applications.

 Autologous Conditioned Serum

Autologous conditioned serum (ACS) was first described in the 1990s as a method 
of delivering IL-1Ra to musculoskeletal tissues. IL-1Ra is the first naturally occur-
ring receptor antagonist of any cytokine or hormone to be described in scientific 
literature. IL-1Ra is a natural anti-inflammatory protein in arthritis, colitis, and 
some pulmonary diseases. Its use has been approved by the FDA for treatment of 
rheumatoid arthritis. Published studies on use of IL-1Ra, commercially known as 
anakinra, in sepsis and rheumatoid arthritis have shown weak results. However, 
there have been more robust responses in treatment of juvenile arthritis, gout, pseu-
dogout and other rare autoinflammatory disorders [14].

ACS is produced by drawing peripheral blood into a syringe containing glass 
beads which allow adherent cells to attach. Then the blood is incubated during 
which time platelets degranulate and mononuclear cells synthesize and secrete 
IL-1Ra among other cytokines. Thus, ACS contains many cytokines and growth 
factors that may play a role in its regenerative capacity. Most research on ACS to 
date has studied intra- and peri-articular administration, but there are some studies 
on use of ACS in the cervical and lumbar spine.

 Cellular Products

Cellular therapies typically fall into two broad categories: embryonic stem cells and 
tissue-derived (somatic) stem cells. Somatic stem cells can be further subdivided 
based on the tissue of origin. Fetal stem cells are isolated from fetal tissues (e.g., 
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placenta, decidual tissue, umbilical cord blood, amniotic fluid, etc.). Adult stem 
cells are similarly isolated from various tissues (e.g., adipose (ASCs), bone marrow 
(BMSCs), dental pulp, skeletal muscle, etc.). Two newer somatic stem cells have 
recently been described – induced pluripotent stem cells (iPSCs) and induced tissue- 
specific stem cells (iTS).

Stem cells (SCs) were first reported in 1909 with the discovery of hematopoietic 
stem cells isolated from bone marrow. These cells were first identified as multipo-
tent in the 1970s. The term “mesenchymal stem cells” (MSCs) became popularized 
as these cells were seen to be multipotent, self-renewing with immunomodulatory 
properties. The abbreviation MSC may refer to “marrow stromal cell”, “multipotent 
stromal cells”, mesodermal stem cells” or “mesenchymal stromal cells” because it 
is now known that these cells represent a heterogenous population of nonclonal 
cells. MSCs are currently the most studied experimental cellular therapy likely due 
to their potential for broad therapeutic application [15]. Research to date has dem-
onstrated their ease of isolation and cellular expansion; multipotency; immunomod-
ulatory, antimicrobial and regenerative effects; homing/migratory capacity to sites 
of injury; and safety profile. MSCs are capable of restoring damaged tissues through 
their angiogenic and paracrine anti-inflammatory properties.

There are several factors affecting the translational application of MSCs. Namely, 
we have yet to identify the optimal mode of administration, culture and expansion 
technique, or viability and preservation method. Though current research has pro-
vided some insight.

The origin of MSCs is important since the source typically dictates differentia-
tion potential. For example, MSCs derived from adipose tissue default to adipo-
genic potential and those from bone marrow to osteogenic potential [9]. However, 
there are other factors affecting differentiation such as culture medium. Also, 
mechanical loading has shown to increase MSC chondrogenesis in several studies 
[16]. Similarly, cellular expansion techniques can affect MSC growth, survival and 
differentiation in vitro [17, 18].

MSCs do not express histocompatibility complexes and do not require immuno-
suppression after administration. They are most effective in degenerative diseases 
where there is minimal inflammation [9]. They are capable of homing to sites of 
injury through a network of chemoattractants [9].

After intravenous infusion MSCs are mostly sequestered in the lung due to a 
pulmonary first pass effect [19]. MSC survival is short lived after injection into 
ischemic tissue. Culture media with low oxygen tension and low glucose concen-
trations may precondition MSCs for survival in ischemic and avascular tissues [17].

MSC preservation is a similar challenge for researchers and clinicians. The thaw-
ing process can induce apoptosis, though this cell death may be overcome by acqui-
sition of MSCs and injection in the same setting. One downside to this approach is 
that it will not achieve the benefits of culture media. Capacity of MSCs is not 
affected by needle gauge used at time of extraction when comparing needle gauges 
[9]. It must be noted, though, that larger bore needles are associated with less 
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apoptosis. It has also been postulated that the recipient’s immunologic profile can 
influence the effect of MSCs such that patients with higher levels of systemic 
inflammation may exhibit a decreased therapeutic effect [17].

True adult stem cells are scarce and do not differentiate well so facilities com-
monly expand and enrich MSCs for their intended use. There is no standardized 
process for MSC manufacturing. One 2019 study [18] examined 15 such facilities 
and found the intended use of MSCs was broad ranging from wound healing to 
pulmonary disease. Several facilities cited three or more intended uses. 93.3% of 
facilities isolated MSCs from bone marrow and only 10 facilities cited a single tis-
sue source. Most facilities validated their product based on cell surface marker 
expression. Purity was defined by negative marker expression ranging from less 
than 10% to less than 2% and for positive markers the range was >10% to >95%. 
This broad range reflects the heterogeneity that exists in the MSC manufac-
turer market.

 Embryonic Stem Cells

Embryonic stem cells (ESCs) are derived from the pre-implantation blastocyst and 
possess the ability to differentiate into any mature cell type. ESCs have the hallmark 
ability for self-renewal, pluripotency and genomic stability. Use of ESCs in clinical 
medicine is limited, however, due to the real risk of teratoma formation, difficult 
acquisition process and ethical controversy.

 Non-Embryonic Stem Cells

Adult stem cells, hereafter referred to as MSCs, arise from the perivascular space 
and can be derived from nearly any vascularized tissue. The International Society 
for Cellular Therapy has published minimum criteria for MSCs. They must be plas-
tic adherent and express certain, defined cell surface markers such as CD34 which 
is most closely associated with “stemness” [20]. In order to be classified as MSCs 
they must also possess the capacity for in vitro differentiation to three tissue types – 
osteoblasts, adipocytes and chondroblasts. They typically exist in a quiescent state 
until they are activated by a specific event such as local trauma.

Fetal SCs are multipotent with less ethical restrictions than embryonic stem 
cells. They have less differential potential than their embryonic counterparts but 
possess increased differentiation potential compared to other adult SCs. Notably, 
some researchers do not distinguish between adult and fetal SCs as certain sources 
contain both maternal and fetal cellular products. Umbilical cord derived MSCs are 
thought to be superior to BM-MSCs and ASCs in terms of culture length, prolifera-
tion capacity, expansion capacity and storage length [15]. A major downside to 
umbilical cord derived MSCs is its procoagulant effects with reports of thrombotic 
and thromboembolic events in human studies.

30 Regenerative Therapies



718

Bone marrow (BM-MSC) and adipose-derived stem cells (ASC) are the most 
studied to date. ASCs and BM-MSCs have angiogenic properties and are good for 
use in hypovascular and avascular regions.

BM-MSC contains mostly hematopoietic stem cells and only a small quantity of 
true pluripotent cells. Thus, use of BM-MSCs requires a large volume of bone mar-
row. Marrow is typically harvested from the sternum or the posterior iliac crest. 
There are reports of fatal embolic events related to aspiration process.

Adipose-derived stem cells are easier to acquire and have relatively fewer com-
plications associated with their retrieval. The concept of ASCs was first described in 
1964 when stromal vascular progenitor cells were isolated from rat adipose tissue 
[21]. Much later in 2001 MSCs were isolated from human adipose tissue [22]. Zuks 
et al. showed that adipose tissue contains a cellular fraction capable of differentia-
tion to adipogenic, chondrogenic, osteogenic and myogenic lineages. Their research 
also showed that ASCs are easily expanded with less cellular senescence than 
BM-MSCs. This finding was very useful and, increasingly, ASCs have become the 
MSC of choice due to their relative ease of procurement, faster proliferation, excel-
lent differentiation ability, increased viability, and minimal adverse effects or ethi-
cal concerns. There is still the need for a standardized protocol, but ASCs have 
demonstrated immense potential in the field of regenerative medicine.

In order to retrieve ASCs, the products of liposuction (commonly known as the 
lipoaspirate) undergo enzymatic digestion by collagenase to form an aqueous 
byproduct. This byproduct is known as the stromal vascular fraction (SVF) and it is 
composed of a heterogenous cell mixture that includes ASCs, endothelial precur-
sors, endothelial cells, macrophages, lymphocytes, and pericytes among others. 
Based on the processing method, ASCs may comprise up to 10% of the SVF [15]. 
Studies have shown that SVF has therapeutic potential and, in certain applications, 
may perform better than ASCs [20]. SVF is also much easier to obtain as it does not 
require culture or expansion. This lack of exposure to reagents may also make it 
safer for human use. However, due to its heterogeneity, SVF is more likely to elicit 
an immune response and autologous use is preferable to allotransplantation. SVF is 
subject to less stringent regulatory criteria than ASCs, especially when the newer, 
mechanical methods of SVF extraction are implemented rather than enzymatic 
digestion. There are several point-of-care SVF isolation devices in development.

Induced pluripotent stem cells are yet another type of cellular regenerative ther-
apy. iPSCs are reprogrammed somatic cells which resemble embryonic stem cells 
[23]. iPSCs have the capacity for self-renewal and pluripotency. Their creation 
involves co-culture with primary cells, derivation using growth factors or small 
molecules, differentiation through progenitors (e.g., MSCs, osteoblasts, myoblasts) 
and/or differentiation through embryoid body formation [24]. They can be derived 
from easily accessible cells unlike most other adult MSC. Also, MSCs have several 
downsides including variation among donors, effects of donor age and health status, 
heterogenicity, cell scarcity and invasive techniques required to obtain MSCs. iPSCs 
obviate many of these downsides and national repositories of iPSCs are being cre-
ated to model nearly every human disease. Despite this, the scarcity of standardized 
differentiation protocols may limit use of this technology.
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 Other

Another biologic of interest are exosomes. Exosomes are tiny microvesicles released 
by cells during various physiologic events. Exosomes are 30–100 nanometers big 
and microvesicles are larger than 100 nanometers. They are secreted from a range 
of cells from T-cells to dendritic cells and are thought to play a role in cellular regu-
lation. They secrete proteins, micro RNA and messenger RNA and home to cites of 
injury similar to MSCs. There are several advantages of exosomes over MSCs 
including no clumping, no pulmonary first pass effect when administered intrave-
nously and ability to cross the blood-brain barrier [9].

Gene therapy is another alternative regenerative therapy that has shown potential 
in treating a variety of conditions. It involves transfection of degenerated cells with 
genes promoting repair. A variety of vectors have been studied, though traditionally 
viral vectors have been used. Gene therapy can be conducted ex vivo or, more 
recently, in vivo. Most clinical trials are aimed at treating cancer, monogenic dis-
eases, cardiovascular disease and infectious disease [25]. There is some evidence 
that gene therapy can be used to treat degenerative joint conditions. However, due 
to the limited innate regenerative capacity within degenerated IVDs, some research-
ers advocate a combination of gene therapy with stem cell therapy in treatment of 
DDD [26].

Alternative regenerative therapies include prolotherapy and tenotomy. 
Prolotherapy involves injection of a small volume of irritant in order to initiate a 
local inflammatory response. It is believed that this inflammatory response can 
cause hypertrophy and strengthen lax collagenous structures such as ligaments and 
tendon insertions. Prolotherapy has been used to treat musculoskeletal conditions 
including joint pain, headache and low back pain for nearly a century [27]. 
Percutaneous tenotomy involves passage of a needle into injured tendons. The 
thought behind this is the fenestration of damaged tissue can convert a chronic, 
degenerative process into an acute, inflammatory process which will ultimately lead 
to healing. Bleeding associated with the tenotomy can also cause local release of 
growth factors that can aid the healing process.

 Regenerative Therapy in Spinal Disease

There is emerging literature on the use of biologics in chronic neck and low back 
pain. There are studies showing improved analgesia and decreased disability with 
epidural administration of ACS to treat lumbar [28] and cervical radiculopathy [29]. 
The majority of the data surrounds use of regenerative therapies in degenerative disc 
disease. Degenerated intervertebral discs exhibit an altered homeostatic balance 
between anabolic and catabolic processes favoring proliferation of proteinases and 
pro-inflammatory cytokines. It is postulated that even degenerated intervertebral 
discs contain progenitor cells that can be stimulated via cellular or gene therapy to 
proliferate and differentiate [30]. As mentioned previously co-culture may represent 
an option for treating DDD. Marrow-derived MSCs from rodents that were cultured 
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with intact intervertebral disc tissue differentiated into intradiscal-like cells [16]. 
Culture medium can confer benefit and pre-condition MSCs for use in the intradis-
cal space since the use of MSCs in degenerated discs requires survival in a depleted 
environment (e.g., low oxygen tension, acidic pH, poor nutrient, high mechanical 
load, etc.).

The ideal biologic would not only provide analgesia but also slow or reverse the 
degeneration and restore normal tissue. Several articles have shown prolonged anal-
gesia and decreased disability following injection of MSCs into degenerated inter-
vertebral discs in human subjects [31, 32]. Few human studies have shown 
restoration of tissue following MSC injection. The American Society for 
Interventional Pain Physicians published a position paper citing level 3 evidence for 
use of MSC and PRP for treatment of lumbar discogenic pain and level 4 evidence 
for use of PRP for treatment of lumbar facet joint disorders, use of PRP in the epi-
dural space to treat lumbar radiculopathy and use of PRP to treat sacroiliac joint 
pain [9].

There are several ongoing clinical trials evaluating the efficacy of regenerative 
therapies in lumbar spinal conditions. More information is needed before this ther-
apy can become widespread. We need to confirm whether this therapy is safe and 
identify the ideal candidate likely to experience meaningful benefits. Also, to date 
there are no published studies on the use of cell-based therapies in the cervical spine 
and much of the supportive literature consists of animal studies. Human studies are 
limited in power and scope. There is little data on safety of cellular therapies and 
there is no literature on cell-based therapies for treatment of degenerative disc dis-
ease in the cervical spine. We need to study allogeneic MSCs more in humans to 
determine actual risk of rejection. More research is needed to determine appropriate 
dose and viability of injected cells and to answer question around cell leakage, cul-
ture, culture and expansion protocol, preservation, thawing, cost efficiency, etc.
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31Epidural Catheter Infusion 
for Post- operative Analgesia  
for Major Spine Surgery

Anthony Machi and Enas Kandil

 Why Use an Epidural Catheter

Major spine surgery causes significant pain in the immediate post-operative period. 
Soft tissue and bone trauma stimulate nociception, inflammation, neuropathic pain 
and precipitate muscle spasm. Neuropathic pain has been implicated in the occur-
rence of failed back surgery syndrome (FBSS) where pain persists despite pathol-
ogy correction [1]. These factors contribute to neurohumoral physiologic 
consequences including peripheral and central sensitization, transcriptional and 
post-transcriptional dysregulation, augmented facilitation and disinhibition [2]. In 
simple terms: surgical spine patients experience significant amount of pain, specifi-
cally in the days immediately following surgery, and the degree of pain is an impor-
tant factor that affects speed of recovery, hospital length of stay and long term 
surgical outcome [3]. Multimodal analgesia with a combination of pharmaceutical 
therapies is a cornerstone of perioperative pain management for major spine sur-
gery, while comprehensive multidisciplinary Enhanced Recovery Protocols are 
increasingly utilized to deploy this intensive pain management, improve outcomes 
and hasten functional recovery [4–8]. However, for some subsets of patients these 
interventions and approaches alone are insufficient. One modality which may aug-
ment these strategies and maybe useful in select patients and surgical populations is 
continuous epidural infusion of local anesthetic with or without low-dose opioids or 
other adjuvants via epidural catheters placed perioperatively [9, 10].
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 Benefits

Perioperative epidural analgesia can provide powerful analgesia and can have a 
multitude of beneficial effects when used for a variety of major surgeries [11, 12]. 
Due to blockade of nociception and inhibition of sympathetic stimulation these 
include reduced risk of perioperative mortality, beneficial effects on major cardio-
vascular, pulmonary and gastrointestinal complications such as decreased risk of 
venous thromboembolism, myocardial infarction, pneumonia, respiratory depres-
sion and ileus. When examined specifically for major spine surgery, the evidence of 
beneficial effects is more limited because studies of perioperative epidural analgesia 
for spine surgery have been small (<100 patients) and serious perioperative compli-
cations such as myocardial infarction are rare following major spine surgery, occur-
ring in less than 1–2% of patients [13, 14]. Perioperative epidural analgesia is 
effective in relieving pain following major spine surgery as well as decreasing the 
incidence of postoperative nausea and vomiting, promoting earlier return of bowel 
function, and improving patient satisfaction [15–22]. Examination of the effect of 
post-operative epidural analgesia on the surgical stress response following major 
spine surgery when compared with systemic opioid analgesia revealed attenuation 
of pro-inflammatory cytokines IL-1ß, IL-6 and IL-10, decreased hyperglycemia and 
decreased cortisol which translated into better pain control, earlier mobility, less 
blood loss, less nausea and vomiting and better patient satisfaction [23]. Similar 
benefits are found when an epidural catheter is placed directly into the epidural 
space during surgery (as in many of the cited articles) as when placed preoperative 
percutaneously by an anesthesiologist [24].

Perioperative epidural analgesia may also provide effective analgesia in special 
subpopulations of major spine surgery patients at risk for perioperative complica-
tion. For example, children with neuromuscular disorders that can cause both pul-
monary dysfunction and scoliosis, such as Duchenne muscular dystrophy and spinal 
muscular atrophy, are a particularly challenging group to provide analgesia without 
risking further respiratory compromise. In a small retrospective pilot study Saito 
and colleagues reported safe, excellent and better analgesia in a group that received 
multimodal analgesia in combination with epidural analgesia compared to a group 
that received multimodal analgesia alone [25].

 Risks

Perioperative epidural analgesia via an epidural catheter is safe with low risk of seri-
ous complication. The most common limitations to good analgesia from an epidural 
infusion are incorrect placement of the epidural catheter and inadequate spread of 
analgesia. Both of these are resolved in the major spine surgery patient population 
because the surgeon most commonly places the epidural catheter directly at the cor-
rect level at the conclusion of surgery and prior to closure of the surgical wound [26, 
27]. In general, rare but serious complications can occur including infection, such as 
epidural abscess, bleeding, such as epidural hematoma, nerve injury and local anes-
thetic systemic toxicity [28, 29]. The exact incidence of these serious complications 
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are unknown but are estimated to be 1/1000–1/150,000 depending on patient and 
surgical risk factors [28, 30]. We could not find any reports in the literature of infec-
tion, hematoma, catheter breakage, catheter retention, nerve injury or local anes-
thetic systemic toxicity related to continuous perioperative epidural analgesia for 
spine surgery. This may be a reflection of the improved safety of placement when 
placed directly into the epidural space during surgery, and that we estimate that fewer 
than 2000 patients have been reported in the literature utilizing continuous periopera-
tive epidural analgesia for spine surgery. The authors are also unaware of any of these 
complications occurring in their institution where approximately 150 patients per 
year receive an epidural catheter infusion for analgesia for major spine surgery.

Evidence of functional limitations of continuous perioperative epidural analgesia 
for major spine surgery are similarly lacking in the literature but are appreciated in 
the course of clinical care. The two most common limitations are sympathectomy 
and obscuring postoperative neurologic assessment. Because the nerves of the sym-
pathetic nervous system originate at the thoracolumbar vertebral levels, blockade 
with local anesthetic causes inhibition of this system. Such blockade has positive 
effects on the gastrointestinal system during the perioperative period but can have 
negative effects on the cardiovascular system in the perioperative period by causing 
vasodilation of the peripheral and central vasculature that lead to hypotension. Due 
to operative blood loss, patients undergoing major spine surgery are often hypovo-
lemic and more sensitive to epidural blockade mediated vasodilation. This can be an 
impediment to delivering sufficient local anesthetic to provide additional adequate 
post-operative analgesia (epidural infusion of local anesthesia may have to be 
decreased to the point that pain increases to permit adequate mean arterial pressure 
for goal end-organ perfusion). Another limitation is the potential need for intraop-
erative or post-operative neurologic assessment. Intraoperative neuromonitoring of 
somatosensory evoked potentials and motor evoked potentials may preclude intra-
operative use of local anesthetic via an epidural catheter. In addition, if there is 
concern for operative neurologic compromise in the post-operative period, a local 
anesthetic infusion through an epidural catheter could temporarily obscure neuro-
logic assessment. Both the sympathectomy and blockade of motor nerves are issues 
which result from local anesthetic infusion through an epidural catheter. One solu-
tion to this would be the temporary usage of opioid or other adjuvant only through 
the epidural catheter; however, this may reduce the effectiveness of the analgesia 
that results from the epidural infusion. [29, 31] Additional limitations that can occur 
relative to the type of medication (local anesthesia vs opioid) that is utilized in the 
epidural infusion include nausea, vomiting, pruritus, urinary retention, respiratory 
depression, sedation, dysesthesia, and paresthesia (see Table  31.1). In general, 

Table 31.1 Limitations to 
utilization of epidural 
medications

Local Anesthesia Opioid
Sympathectomy: hypotension Nausea and vomiting
Motor blockade: weakness Constipation
Affect neurologic assessment Pruritus
Paresthesia Urinary retention
Dysesthesia Respiratory depression

Delirium
Sedation
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opioids administered via an epidural catheter led to fewer and less significant side 
effects than when administered systemically at equipotent analgesic amounts with 
the exception of pruritus and possibly nausea and vomiting [32, 33].

 Surgical Procedures and Patient Populations

Given the benefits, risks and limitations, continuous perioperative epidural anal-
gesia is most useful for major open spine surgeries involving multi-day hospital-
izations associated with severe pain. These include adult and pediatric scoliosis 
correction surgery of the thoracic and lumbar spine, such T10-pelvis fusion and 
T4-L5 fusion, single or multilevel open posterior lumbar decompression and 
interbody fusion, and open transforaminal lumbar interbody fusion [15, 17, 20, 
25]. It would not be recommended for minimally invasive approaches or 
approaches limited to decompression or disc herniation due to less tissue trauma 
involvement and generally more rapid recovery. Consequently, it would be most 
useful for a relatively small portion of the major spine surgery population [5, 
34, 35].

Similarly, continuous perioperative epidural analgesia may be most useful in 
specific patient populations. Patients who have chronic pain and opioid tolerance 
and adults or children with preoperative pulmonary dysfunction are two such popu-
lations. Those with chronic pain and opioid tolerance often exhibit hyperalgesia and 
allodynia for which blockade with local anesthesia can be very helpful and may not 
have their analgesia needs otherwise sufficiently addressed by systemic multimodal 
analgesic agents. Because epidural analgesia does not adversely impact pulmonary 
function, it can be particularly useful for patients with baseline pulmonary compro-
mise as a powerful analgesic in place of others that directly or indirectly cause 
respiratory depression, such as opioids, muscle relaxants, and gabapentinoids.

 Infusion Solutions and Techniques

Multiple techniques and solutions have been utilized for perioperative analgesia 
with a continuous epidural infusion for major spine surgery. Examples of regimens 
of local anesthetics range from bupivacaine 0.0625% at 4  ml/hr. to bupivacaine 
0.125% at 10 ml/hr. or ropivacaine 0.1% at 12 ml/hr. to ropivacaine 0.3% 10 ml/hr. 
[15] It is clear from studies of perioperative epidural analgesia for other types of 
surgery that a combination of local anesthetic and opioid can provide synergistic 
analgesia. Few studies have compared different epidural solutions in the setting of 
major spine surgery, and an optimal regimen is unknown. More likely, there is not a 
single best regimen nor a single best medication, rather a combination of medica-
tions within a range of doses that will likely yield the best analgesic results with the 
fewest epidural infusion related side effects [31]. The most important characteristic 
of local anesthesia in an epidural infusion is a longer duration of action that can 
provide a stable plateau of blockade and analgesia. Examples of local anesthetics 
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Table 31.2 Common medications used for epidural infusions and administration recommen dations

Medication Concentration Dose range/hour Rate Max dose/hr
Bupivacaine 0.0625–0.125% 8–12 mg/hr 6–14 ml/hr 20 mg
Ropivacaine 0.1–0.3% 10–15 mg/hr 5–15 ml/hr 25 mg
Fentanyl 2–5 mcg/ml 20–30 mcg/hr 6–14 ml/hr 40 mcg
Hydromorphone 5–20 mcg/ml 30–120 mcg/hr 6–12 ml/hr 120 mcg

that provide this are bupivacaine, levobupivacaine and ropivacaine. Lower concen-
tration of local anesthetics decreases the degree of motor blockade that results from 
an epidural infusion. Similarly, the most important characteristics of opioids in an 
epidural infusion are their hydrophilicity vs lipophilicity and their duration of 
action. These characteristics help determine the most analgesic value while mitigat-
ing epidural opioid related side effects. Examples of useful epidural opioids include 
fentanyl, hydromorphone and sufentanil while morphine would be too hydrophilic 
(leading to rostral spread and increasing the risk of respiratory depression) and oth-
ers like alfentanil would be too short acting. Potential dose ranges are fentanyl 
2–5 mcg/ml and hydromorphone 5–20 mcg/ml with an example beneficial dose per 
hour range being fentanyl 20–30 mcg/hr. (see Table 31.2) [29, 31]. Epidural infu-
sions may be administered continuously, and may benefit from a patient controlled 
bolus as well as intermittent automated or patient controlled bolus [24, 36, 37]. At 
our institution, we favor initiation of an epidural infusion of bupivacaine 0.0625% 
with fentanyl 2 mcg/ml running at 6–8 ml/hr. and with a 2 ml bolus and 20 minute 
lockout for surgeries such as T10-pelvis fusion in adults for scoliosis correction. 
Subsequent titration occurs based on patient needs. This relatively dilute solution is 
favored to mitigate primarily against the local anesthesia associated sympathectomy 
and motor blockade and is used in conjunction with multimodal systemic analgesia. 
Last, other medications such as alpha-2 adrenergic agonists or epinephrine, may be 
used in epidural infusions but the risk-benefit balance generally weights against 
their usage, and we do not recommend them [31, 38].

Like the heterogeneity in epidural infusion solutions that can be utilized, a vari-
ety of methods and equipment may be utilized as well. An epidural catheter may be 
placed pre-surgery percutaneously when an anterior surgical approach is being uti-
lized or it may be placed directly by the surgeon prior to surgical closure and fol-
lowing surgical instrumentation or scoliosis correction [23, 24]. A multi-orifice 19 
or 20 gauge flexible spring wound epidural catheter is typically utilized and then 
hooked up to a programmable electronic pump. For extensive multilevel instrumen-
tation and fusion, such as occurs in major scoliosis correction of 10 or more levels, 
where a single epidural catheter optimally placed may not provide sufficient spread, 
a double epidural catheter technique may be utilized. An example approach is plac-
ing the upper catheter at the cranial end of the wound and directing it 4–5 cm cepha-
lad to T1-4 while placing the lower catheter at the caudal end of the wound and 
directing it 4–5 cm cephalad to L1-4 or more simply the upper catheter at the cranial 
end of the instrumentation and the lower catheter at the caudal end of the instrumen-
tation and directing each 3 cm cephalad [18, 21].

31 Epidural Catheter Infusion for Post-operative Analgesia for Major Spine Surgery



728

 Integration of Perioperative Epidural Analgesia into Enhanced 
Recovery Protocols

The goal of an Enhanced Recovery Protocol (ERP) is to hasten high quality func-
tional recovery after surgery through a coordinated multidisciplinary approach. This 
leads to improved early functional ability that results in shorter hospital stays, 
reduced hospital costs and improved quality of life. The concept has its origins in 
the work of Danish surgeon Henrik Kehlet over 20 years ago but has only recently 
been applied to spine surgery [5, 7, 8, 39, 40]. Common key features of ERPs 
include intensive pain management, attenuation of surgical stress, and early mobili-
zation. Perioperative epidural analgesia directly addresses the first two components 
and facilitates the third, and it has been successfully employed in many published 
protocols to help achieve these goals [5, 7, 8, 39, 41].

Nonetheless, perioperative epidural analgesia is a resource heavy, labor intensive 
addition to post-operative analgesia for major spine surgery. It requires regular 
monitoring by nurses and an inpatient consult acute pain team, typically led by an 
anesthesiologist or pain management specialist, to manage it. Frequent adjustments 
may occur in the first 24 hours and then as needed thereafter. To help it be a success-
ful component of an ERP a number of factors should be addressed: a protocol for 
placement and initiation of the epidural infusion, good communication among the 
surgeon, acute pain team, nurses and therapists to address any issues that may arise, 
frequent assessment when initiating the infusion to provide as much analgesia as 
possible without causing significant side effects, low concentration and dose of 
local anesthetic in the immediate post-operative period to permit neurologic assess-
ment, mitigate sympathectomy related hypotension and facilitate early mobiliza-
tion, and coordination of appropriate prophylactic anticoagulation for the situation. 
List 31.1 summarizes surgical procedures using continuous epidural analgesia for 
post- operative pain management.

List 31.1 Continuous post-operative epidural analgesia is indicated for the follow-
ing surgeries:

• Adult and pediatric scoliosis correction surgery of the thoracic and lumbar spine
• Single or multilevel open posterior lumbar decompression and interbody fusion
• Open transforaminal lumbar interbody fusion
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32Telemedicine Physical Examination 
for Spine

Daltry Dott, Jason Zafereo, Stephanie Jones, 
and Carl E. Noe

 Introduction

The advent of telemedicine dates back to the 1950s or 1960s. Since that time, the 
utilization of telemedicine has increased and the capabilities are rapidly expanding. 
Now, the novel coronavirus (COVID-19) pandemic has catapulted telemedicine into 
mainstream medicine. Many aspects of a clinic visit, including chief complaint, past 
medical history, and review of systems can often be obtained directly from the 
patient. Electronic medical records contain previously completed medical testing 
including imaging and laboratory and pathology records. Electronic prescription 
records and monitoring programs can be used to identify most of the high risk pre-
scription drugs patients may be taking. However, performance of a physical exami-
nation is potentially limited with a telemedicine visit.

To provide the highest quality of care, documenting a physical examination is 
important in order to meet the standard of care [1]. While the time-based evaluation 
and management coding is encouraged for telemedicine, several pitfalls exist for 
this practice. Using time-based coding may result in a lack of performance of 
important examinations that can be at least attempted using telemedicine. If attempts 
at examination are unsatisfactory, this can be documented just as it is for an in- 
person examination. In many states, documentation of a problem-focused exam 
specific to the presenting chief complaint of the patient is a minimum requirement 
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for prescribing controlled substance for the treatment or chronic pain. Also, The 
Federation of State Medical Boards Guidelines for the Chronic Use of Opioid 
Analgesics requires documentation of a relevant physical examination [2]. In addi-
tion, the Drug Enforcement Agency (DEA) requires a real time, two-way audiovi-
sual telemedicine visit for initiating opioid treatment to allow for completion and 
documentation of a physical exam.

To effectively perform a physical exam via telemedicine, providers and patients 
may need to employ some ingenuity. Patients may need to be instructed on camera 
adjustments or may need someone to assist in camera positioning so that the area 
being examined can be seen via two-way video systems. Care should be taken in 
patients who may be at risk for falls, and these patients should be chaperoned and 
should have assistance when performing any maneuvers that may put them at risk 
of falling. Even with the limitations that telemedicine may pose for the completion 
of a physical exam, it can often be completed efficiently. This chapter will summa-
rize evidence- based physical examination techniques that can be performed using 
telemedicine to support diagnosis and treatment of commonly presenting problems 
in the field of pain management.

 Vital Signs

Respiratory rate may be measured using telemedicine and is especially relevant for 
patients who are taking opioids or other respiratory depressants. Pulse may be 
counted by the patient and timed by the physician. Patients may also have health 
monitoring accessories that have heart rate monitoring capabilities which can be 
reviewed by the physician. Blood pressure, temperature, height and weight can be 
measured if the patient has the necessary equipment at home or if patients have 
access to a local pharmacy that can perform blood pressure readings at a nearby 
location.

A randomized trial has shown that hypertension can be controlled just as well 
using remote blood pressure monitoring [3].

 General Appearance

Visualization of the patient via a two-way audio visual system allows for evaluation 
of the patient’s general appearance and grooming. Distress can be assessed directly 
by watching the patient and any facial expressions that may change with movement 
or different parts of the exam. Patient’s mental status, level of alertness, and orienta-
tion can be assessed through visualization of the patient through the video compo-
nent as well as by asking specific orientation questions. Speech and any unusual 
facial movements or speech patterns, including slurred speech, word-finding diffi-
culties, and mood can be assessed. Tremors and other abnormal movements can be 
generally observed. Dementia and mild cognitive impairment can be screened for 
with the Rapid Cognitive Screen [4].
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Table 32.1 Psychiatric status screen

Examination Tests
Perception and 
cognition

Level of consciousness
Orientation to person, place and time
Recent and remote memory
Attention span and concentration
Language, naming objects, repeating phrases

Thought content and 
process

Fund of Knowledge—current events, past history, vocabulary
Associations-loose, tangential, circumstantial
Speech-rate, volume, articulation, coherence, spontaneity, perseveration, 
paucity of language
Thought-rate of thoughts, contest of thoughts, logical vs illogical, 
tangential, abstract reasoning, computation
Judgement concerning everyday situations

Affect and insight Mood and affect—suicidal ideation, anxiety, depression, sleep pattern
Hallucinations, delusions, preoccupation, obsessions
Insight into psychological component of pain

Drug-seeking 
behavior

Congruous patient report of prescription or illicit drug use compared to 
electronic prescription records and laboratory findings
Behavior consistent with self-escalation of drug doses, doctor shopping, 
substance use disorder, overmedication or diversion
Adherence to laws, rules and medication agreements regarding the 
prescribing of scheduled drugs

Source: https://www.cms.gov/Outreach- and- Education/Medicare- Learning- Network- MLN/
MLNEdWebGuide/Downloads/95Docguidelines.pdf

Table 32.2 Opioid withdrawal screen Examination Sign
Vital signs Tachycardia
Skin inspection Diaphoresis

Piloerection
Facial inspection Midriasis

Rhinorrhea
Yawning

Neuropsychological Tremor
Anxiety or irritability
Restlessness

Source: Wesson and Ling [5]

Additional examinations to assess psychiatric status are listed in Table  32.1. 
Opioid withdrawal signs that can be evaluated via telemedicine are listed in 
Table 32.2 [5].

 Inspection of Painful Area

Patients can expose their painful area for inspection, which can help to identify any 
rash, discoloration, swelling, deformity, atrophy, abnormal muscle activity or 
motion, or wounds. Patients can also directly identify their painful area by pointing. 
This is important to identify the specific area being discussed as patents often use 
terms to describe and localize pain that are not consistent. For example, a complaint 
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of “hip pain” is frequently localized to the upper buttock. “Neck pain” may localize 
to the trapezius area. “Low back pain” may localize to the thoracolumbar, lumbar, 
or sacral area. “Shoulder pain” may be anterior, lateral, or posterior and each area 
has a potentially different differential diagnosis. Inspection of the arms and legs for 
needle track marks or skin popping is possible using telemedicine to detect signs of 
intravenous drug abuse.

However, telemedicine has limitations and patients who are determined to need 
an in person evaluation should be scheduled for a timely in person follow up visit or 
advised to go to the emergency room based on their complaints [6].

 Range of Motion

If pain is lateralized, range of motion (ROM) of the symptomatic side can be com-
pared to the asymptomatic side by asking the patient to perform specific maneuvers, 
such as abduction, adduction, internal and external rotation, and other movements. 
ROM may be limited by pain, weakness, or tightness. If weakness or muscular pain 
limits movement, active ROM may be significantly more limited than passive 
ROM. Active and passive ROM will be limited similarly if tightness limits move-
ment or if joint pain limits movement [7].

 Cranial Nerve (CN) Exam

Although a full evaluation of the cranial nerves is limited using telemedicine, sev-
eral examinations are possible and can be documented:

CNI: typically, is not examined during a physical exam, in person or telemedicine
CNII: visual acuity and visual field testing can be performed through telemedicine 

using an online chart or web-based system
CNIII-IV, VI: Eye movements ban be assessed by tasking the patient to move their 

eyes into each of the four quadrants typically tested in person. Pupillary size and 
accommodation can be examined by asking the patient to move close to the cam-
era to visualize the pupils. The patient is asked to close their eyes so the pupils 
will dilate. Then the patient is asked to open their eyes and the pupils will nor-
mally accommodate to room light.

CNV: Sensation in the distributions of the three branches of the trigeminal nerve can 
be evaluated aby asking the patient to stroke their skin with a tissue in each 
dermatome.

CNVII: Facial neuromuscular exam can be performed by asking patients to elevate 
their eyebrows, smile and frown.

CNVIII: Hearing can be evaluated by asking the patient to rub their fingers gently 
near their ears.

CNIX: Patients can be asked to open their mouth wide and elevate their palate by 
saying “ahh”

CNX: Patients can test their own gag reflex
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CNXI: Patients can be asked to shrug their shoulders
CNXII: Patients can be asked to protrude their tongue to examine for any atrophy or 

abnormal movements.

 Sensorimotor Exam

Sensation, including allodynia, hyperalgesia and normal sensation can be assessed 
by having the patient stroke the skin with a tissue at the painful area. This can be 
repeated on the contralateral side for comparison.

Upper extremity strength can be evaluated by asking patients to hold weighted 
objects in the hand such as a bottle of water or a gallon jug. Shoulder elevation 
(deltoid) strength can be assessed by asking patients to repeatedly lift a gallon jug 
and then comparing scores to age-referenced normative values [8].

Asymmetry during strength testing may indicate weakness. Triceps strength can 
be evaluated by asking patients to hold the objects with the shoulders abducted and 
internally rotated. Then the patient is instructed to flex the elbow to 90 degrees to 
move the object toward the floor and then extend the elbow to straighten the arm. 
Biceps strength can be assessed by flexing the elbow with the arm resting at the side. 
Normative values exist for men (8lbs) and women (5lbs) on the biceps curl test 
according to age ranges [9]. See Table 32.3 for a summary of the age-based norma-
tive values for upper extremity strength testing.

Table 32.3 Upper extremity strength testing

Gallon jug lift test
Age in years Number of repetitions in 30 seconds

Below average Average Above average
Male
19–35 ≤24 25–30 ≥31
36–65 ≤22 23–27 ≥28
65+ ≤13 14–21 ≥22
Female
19–35 ≤19 20–24 ≥25
36–65 ≤15 16–18 ≥19
65+ ≤7 8–14 ≥15
Arm curl test
Age in years Number of repetitions in 30 seconds

Poor Average Excellent
Male (8lbs)
60–64 ≤15 18–20 ≥23
65–69 ≤13 18–19 ≥23
70–74 ≤13 17–18 ≥22
75–79 ≤12 16–17 ≥21
80–84 ≤12 15–17 ≥20
Female (5lbs)
60–64 ≤12 15–17 ≥20
65–69 ≤11 15–16 ≥19
70–74 ≤10 14–15 ≥19
75–79 ≤10 13–15 ≥18
80–84 ≤9 12–14 ≥17
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Table 32.4 Lower extremity strength testing

5-time Sit-to-stand test
Age in years Time in seconds to complete 5 repetitions

Poor Average Excellent
19–29 ≤7.2 6.3–5.7 ≤4.8
30–39 ≤7.3 6.4–5.8 ≤4.9
40–49 ≤9.2 8.0–7.2 ≤6
50–59 ≤9.9 7.1–8.3 ≤5.5
60–69 ≤9.9 7.2–8.4 ≤5.7
70–79 ≤11.1 8.8–9.8 ≤7.5
80+ ≤13.0 10.2–11.4 ≤8.6
Single leg heel raise test
Age in years Maximum number of full repetitions completed

Poor Average Excellent
Male
19–29 ≤33 37–38 ≥42
30–39 ≤29 32–34 ≥37
40–49 ≤24 28–29 ≥33
50–59 ≤20 23–25 ≥28
60–69 ≤16 19–20 ≥23
70–79 ≤16 19–20 ≥23
80+ ≤7 10–11 ≥14
Female
19–29 ≤26 30–31 ≥35
30–39 ≤24 27–29 ≥32
40–49 ≤21 25–26 ≥29
50–59 ≤19 22–23 ≥27
60–69 ≤16 19–20 ≥24
70–79 ≤16 19–20 ≥24
80+ ≤11 14–15 ≥18

Heel and toe walking can evaluate L4 and S1 myotome strength, respectively. 
Normative values are reported by age for the heel raise test [10].

A 5-time Sit-to-Stand test can be performed to provide an age-referenced assess-
ment of lower extremity strength and function [11]. See Table 32.4 for a summary 
of the age-based normative values for lower extremity strength testing.

 Coordination

Coordination can be evaluated using rapid alternating movements, heel shin, and 
finger-nose testing. For finger-nose testing, patients may alternate touching different 
points of their computer or tablet or points in space instead of touching an examin-
er’s finger. A tap test may also be performed on a computer keyboard using the 
index finger and compared to age-referenced normative values [12–14]. See 
Table 32.5 for a summary of the age-based normative values for upper extremity 
coordination testing.
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Table 32.5 Upper extremity coordination testing

Computer tap test: dominant side
Age in years Max number of spacebar taps in 10 seconds

Poor Average Excellent
Male
25–39 ≤55 59–61 ≥66
40–54 ≤49 55–58 ≥65
55–64 ≤41 46–48 ≥53
65–74 ≤39 44–46 ≥52
Female
25–39 ≤50 56–59 ≥64
40–54 ≤49 54–55 ≥59
55–64 ≤35 39–41 ≥46
65–74 ≤31 37–39 ≥45
Computer tap test: non-dominant side
Age in years Max number of spacebar taps in 10 seconds

Poor Average Excellent
Male
25–39 ≤49 53–55 ≥59
40–54 ≤46 49–50 ≥54
55–64 ≤38 42–44 ≥48
65–74 ≤36 41–43 ≥48
Female
25–39 ≤46 49–51 ≥54
40–54 ≤45 48–49 ≥53
55–64 ≤34 38–39 ≥43
65–74 ≤30 35–37 ≥41

 Gait and Station

The typical office assessment can be performed via telemedicine by observing mul-
tiple points during gait and station examination. Posture during ambulation may 
reveal kyphosis, lordosis, scoliosis or other postural changes. Facial examination 
may reveal anxiety, grimacing due to pain, Parkinsonian facies, or other important 
information.

Different types of gaits may indicate differing underlying pathologies. A 
Trendelenburg gait is often due to hip abductor weakness. An antalgic gait has a 
shortened support (stance) phase due to pain with weight bearing. A shuffling or 
festinating gait may be associated with Parkinson’s disease. A steppage or equine 
gate is often associated with foot drop. A circumduction gait is common with hemi-
paresis. A waddling gait can be seen with myopathy. A wide stance may indicate a 
cerebellar gait. A diplegic cage can be seen in cerebral palsy. Tandem gate can be 
used to identify ataxia. A slow wide-based gait can be seen in spondylotic myelopa-
thy. Such a gait disturbance may prompt further evaluation of cervical and/or tho-
racic pathology [15].

For those patients with stairs in their home, a test of ascending and descending a 
flight of 11 steps can be performed and compared to age-referenced normative val-
ues [11]. Additionally, the Timed Up and Go (TUG) test, which has established 
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Table 32.6 Functional gait testing

Timed stair test
Age in years Time in seconds to ascend/descent 11 stairs

Poor Average Excellent
Male
20–29 ≥6.5 5.3–5.7 ≤4.5
30–39 ≥7.2 5.8–6.4 ≤5.0
40–49 ≥7.0 5.6–6.2 ≤4.8
50–59 ≥8.5 6.3–7.3 ≤5.1
60–69 ≥10.8 8.3–9.3 ≤6.8
70–79 ≥11.8 9.0–10.2 ≤7.4
Female
20–29 ≥7.8 6.7–7.1 ≤6
30–39 ≥8.4 6.6–7.4 ≤5.6
40–49 ≥8.6 7.0–7.6 ≤6
50–59 ≥10.0 8.0–8.8 ≤6.8
60–69 ≥12.2 9.5–10.7 ≤8
70–79 ≥14.5 11.0–12.6 ≤9.1
Timed up and go test
Age in years Time in seconds to complete 1 trial

Below average Average Above average
20–39 ≥7.3 5.9–7.4 ≤5.8
40–59 ≥7.9 6.3–7.8 ≤6.2
60–69 ≥9.1 7.1–9.0 ≤7.0
70–79 ≥10.3 8.2–10.2 ≤8.1
80–99 ≥12.8 10.0–12.7 ≤9.9

predictive and normative values, can easily performed in the home with a chair and 
a 3-meter walkway [16, 17]. See Table 32.6 for a summary of the age-based norma-
tive values for functional gait testing.

Finally, in patients with suspected balance deficits, a test of single limb balance 
can be performed and compared to normative values [18, 19]. Patients under age 50 
should be able to stand on one limb for at least 60 seconds, whereas those in their 
50s can typically balance for 50 seconds. Balance capacity drops about 10 seconds 
for every additional 5 years of life beginning at age 60 (e.g., patients 60–65 can bal-
ance for 40 seconds, 66–70 for 30 seconds, etc.). Patients should be tested near a 
wall or furniture to prevent a fall during testing [20].

 Tests for Specific Conditions

 Low Cerebrospinal Fluid (CSF) Pressure Headache

The Valsalva maneuver is performed by having the patient bear down against a 
closed glottis to increase the intraabdominal pressure. This maneuver may improve 
a low cerebrospinal fluid pressure headache. Muller Maneuver is performed by hav-
ing a patient attempt to inhale against a closed glottis. This may produce the oppo-
site response of a Valsalva maneuver and may worsen a low CSF headache.
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 Temporomandibular Joint Dysfunction (TMD)

By asking a patient to open their mouth as wide as possible, oral opening can be 
assessed. The normal opening between the incisal edges of the maxillary and man-
dibular incisors is 35-55 mm, or the width of 3 fingers. Reduced opening is criterion 
for TMD.

 Cervical Myelopathy

Lhermitte’s sign may be performed by asking the patient to flex the cervical spine 
and reporting any pain down the spine or in the extremities [21].

Wartenberg’s sign is positive when the fifth finger abducts spontaneously when 
the fingers are extended [22].

Discoordination with a lower extremity foot tapping test may also suggest the 
presence of cervical myelopathy if scores fall significantly outside the age-reference 
normative values [23].

 Cervical Instability

Rust sign or lifting the head manually is a sign of possible cervical instability.

 Cervical Pain

The cervical compression test if performed by asking the patient to move their chin 
to the shoulder and then extend the neck. Pain on the concave side suggests nerve 
root or facet pain. Pain on the convex side suggests musculoskeletal pain, particu-
larly if the pain is relieved with contralateral scapular elevation.

 Brachial Plexopathy

The test for Bikele’s sign is performed by asking a seated patient to abduct the arm 
at the shoulder to 90 degrees and flex the elbow. Then the patient extends the elbow. 
Reproduction of pain is a positive sign for brachial plexus lesion, nerve root tension 
or meningitis.

 Cervical Radiculitis

The shoulder abduction test (Bakody’s Sign) is performed by asking the patient to 
place the hand of their painful arm on top of their head. Relief is a sign of cervical 
radiculitis [24, 25].
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 Thoracic Outlet Syndrome

The Roos test or elevated arm stress test (EAST) is a test for thoracic outlet syn-
drome. The patient is seated and holds both arms with the shoulders in 90 degrees 
abduction and external rotation with the shoulders and elbows in the frontal plane. 
The fists are opened and closed for 3 minutes. Reproduction of symptom suggests 
thoracic outlet syndrome [26].

 Shoulder Pain

The Apley inferior and superior scratch test if performed by asking the patient to 
scratch their shoulder blade with the contralateral hand from superiorly and inferi-
orly. This range of motion is limited in patients with rotator cuff problems, labral 
tears and adhesive capsulitis [27].

 Rotator Cuff

The drop arm test is used to evaluate patients for rotator cuff tears. The patient 
abducts the shoulder and slowly lowers the arm to the waist. Patients with rotator 
cuff tears or supraspinatus weakness will be unable to slowly drop the arm and the 
arm will fall [28].

The empty can test can also be used to identify rotator cuff pathology. The patient 
is asked to hold the affected shoulder at 90 degrees abduction with the hand extended 
to the front and the patient is asked to internally rotate the hand like they would if 
they were trying to empty a can. Reproduction of pain can indicate rotator cuff 
pathology.

 Subscapularis Muscle Tear

The Lift off test is an evaluation for subscapularis tears. The hand is placed behind 
the back and the dorsum of the hand is lifted off the back. Weakness of this motion 
indicated subscapularis weakness [29].

The belly press test (Napoleon test) is performed by the patient pressing their 
palm into the epigastric area while maintain the elbow and wrist in the horizontal 
plane. This isolates the subscapularis muscle function to internally rotate the shoul-
der [30].

 Subacromial Impingement

The painful ARC test is performed by the patient abducting the shoulder to 180 
degrees. Pain between 60 and 120 degrees is a positive test for sub-acromial 
impingement pain [31].
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 Acromioclavicular Joint Pathology

The cross arm test is performed by the patient lifting the arm to 90 degrees and 
adducting the arm across the body. Pain in the acromioclavicular joint is a positive 
sign [27].

 Cubital Tunnel Syndrome

The elbow flexion test if performed by the patient flexing the elbow as much as pos-
sible for 3 minutes. Reproduction of pain and numbness in an ulnar distribution is a 
positive test [32].

 Lateral Epicondylitis

The wrist drop test if performed by the patient positioning the hands in the praying 
position with the hands together and the wrists extended. The patient separates the 
hands and holds the wrist and hands in the same positions for 1 minute. A positive 
test is an inability to hold the wrist in extension due to epicondylitis or radial nerve 
dysfunction [33].

 Carpal Tunnel Syndrome

Tinel’s sign can be tested by asking the patient to tap over the median nerve at the 
wrist to evaluate carpal tunnel syndrome.

Thenar atrophy is a sign of late or severe carpal tunnel syndrome. The recurrent 
branch of the ulnar nerve innervates the opponens pollicus, abductor brevis, flexor 
pollicis brevis [34].

The hand evaluation test is performed by the patient lifting the hands for 2 min-
utes. If symptom reproduction occurs within 2 minutes, the test is positive [35].

The closed fist test (Berger test) is performed by the patient making a fist and 
holding for 30–60 seconds. Reproduction of symptoms is a positive test [36].

The Phalen’s test is performed by the patient flexing the wrists and holding the 
dorsal surfaces of both hands together for 30–60 seconds. Reproduction of symp-
toms indicates a positive test.

The reverse Phalen’s test is performed by the patient holding their hand in the 
prayer position with the wrists and fingers fully extended. Reproduction of symp-
toms indicates a positive test.

The wringing test if performed by the patient wringing a towel with both hands. 
Paresthesias in the hand indicate a positive test.
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 Neuropathy

The shrivel test (O’rianin sign or Leukens’ test) is performed by having the patient 
place their fingers in warm water for 30 minutes. Denervated fingertip skin will not 
shrivel.

 Thoracic Spine Pathology

Thoracic range of motion may be evaluated by having the patient bend from side to 
side. Forestier’s bowstring sign is when there is asymmetrical motion with lateral 
bending which may indicate paraspinous muscle spasm, ankylosing spondylitis or 
other painful spinal condition.

 First Thoracic Nerve Root Pain

The first thoracic nerve root test is performed by the patient abducting the shoulder 
to 90 degrees, flexing the elbow to 90 degrees, and pronating the forearm to 90 
degrees from neutral. Then, the hand is placed behind the neck. The occurrence of 
scapular pain indicates a positive sign of T1-T2 nerve root compression.

 Lumbar Spine Instability

The spinal instability catch sign test is performed by the patient bending forward as 
much as possible and then attempting to return to the upright position. An inability 
to return to the upright position is a positive test [37].

The stork test is performed by the patient standing on one foot with hands on the 
hips and positioning the other foot against the knee of the standing leg. The average 
time of balancing in this posture is 25–39 seconds. The stork test is positive for 
spinal instability if pain is aggravated from this position. The stork test is also used 
to evaluate balance and sacroiliac pain. The test for balance terminates if the hands 
are removed from the hips, the standing leg moves, or if the foot is removed from 
the knee. The flamingo test is similar but the patient stands on a board [38].

General trunk weakness would be suspected in patients with underlying spinal 
instability. The dynamic or static 1/4 Sit-Up test, provides age-referenced normative 
values for abdominal strength [39].

Similarly, the dynamic or static Chest Raise test provides age-referenced norma-
tive values for back extensor strength [39].

 Lumbar Radiculitis

Radicular pain may be worsened with the Valsalva maneuver, coughing, sneezing or 
straining.
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Straight leg raising (Lasegue test) is performed by the examiner raising the 
patient’s leg; however, one study has reported a high correlation between active 
straight leg raising and passive straight leg raising [40].

Bragad’s test can be used to increase the straight raise leg test sensitivity. To do 
this the leg is lowered below the level that induces the radicular pain and the foot is 
dorsiflexed. Increase in radicular pain with foot dorsiflexion is considered a positive 
test. Another way to increase sensitivity of the straight leg raise is to have the patient 
flex the knee, which will typically improve pain. The seated straight leg raise is less 
sensitive compared to the supine straight leg raise test [41].

The cross straight leg raising is performed by lifting the asymptomatic leg. 
Reproduction of pain is a positive sign.

The reverse leg raising is performed by lifting the leg with the patient in the 
prone position. This is a test to detect upper lumbar nerve root pathology.

The Slump test is performed with the patient seated with the hands behind the 
back. The patient slumps forward with the thoracolumbar back. If this is not painful, 
the patient flexes the neck and extends one knee. If the knee extension causes pain, 
the neck is extended to the neutral position. If pain persists, a positive sign is con-
sidered. If knee extension does not cause pain, the ankle is dorsiflexed. If pain is 
reproduced, the test is positive.

Neri’s sign (Neri’s bowstring sign) test is performed standing. The patient bends 
forward to touch the toes. If the patient flexes the knees the test if positive.

 Lumbar Spondylosis

The extension quadrant test (facet loading) is performed by the patient extending 
the lumbar spine and rotating to one side. Pain is associated with degenerative lum-
bar spine disease such a spondylosis [42].

 Lumbar Stenosis

Patients with lumbar stenosis will often report pain associated with standing or 
walking and relief with sitting. Patients can be asked to stand and walk. Patients 
with spinal stenosis will often have symptomatic relief with leaning forward and 
walking. If a patient has pain with standing and leaning forward onto a chair or cart 
improves their pain, it may indicate lumbar spinal stenosis [43].

Lumbar extension may aggravate pain in patients with lumbar stenosis.

 Compression Fracture

The supine test is performed by the patient reclining in the supine position with one 
pillow. Severe spine pain indicates a positive test [44].
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 Sacroiliac Pain

The Fortin finger test is performed by having the patient use one finger to localize 
their pain. A positive test is when the patient twice identifies the painful region as 
within 1 cm of inferomedial to the posterior superior iliac spine [45].

 Hip Pain

Patients with hip pain may stand with the hip and knee slightly flexed on the affected 
side [46].

While sitting, patients may lean away for the affected side with less flexion in the 
affected hip.

The C sign is positive when the patient grabs the hip with the hand in a C shape 
and the thumb is posterior to the hip and the fingers are in the groin area.

Flexion, abduction, external rotation (FABER) or flexion, adduction, internal 
rotation (FADIR) testing may be useful for identifying signs of osteoarthritis or hip 
impingement, respectively [47].

These tests require an examiner but the positions can be reproduced by the 
patient with instruction to give some screening information about the hip.

The Thomas test if performed by the patient lying supine and flexing the asymp-
tomatic hip with the knee to the chest. A positive test is indicated by limited in 
extension in the affected hip. Hip flexion contracture or psoas syndrome are possi-
ble diagnoses.

 Gluteus Medius Tear

Trendelenburg’s sign is a reliable exam for the gluteus medial muscle tears. The 
Trendelenburg test is performed by the patient standing on one leg. The pelvis drop-
ping is a sign of weak hip abductor weakness and is a positive sign. During the gait 
of exam, the truck flexes toward the affected side [48].

 Greater Trochanter Pain Syndrome

The single leg stance test is performed by the patient standing on one leg for 30 sec-
onds. Pain in the hip of the standing leg is a positive test [49].

 Piriformis Syndrome

The Beatty maneuver is positive when pain is reproduced in the buttock, not the 
lumbar spine, when the patient actively abducts the leg in a side lying position 
[50, 51].
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 Knee Meniscus Tear

The Ege test is performed by the patient standing with the feet 30–40 cm apart. The 
feet are internally rotated to test for lateral meniscus tears. The patient squats and 
stands. Pain or crepitus is considered a positive test. For testing the medical menis-
cus, the feet are externally rotated, and the same procedure is followed [52].

The Childress (Duck waddle, squat waddle) test is performed by the patient 
squatting and walking like a duck. Inability to perform the test, pain or crepitus is 
considered a positive test [53].

 Patellofemoral Syndrome

The eccentric step test is performed by the patient stepping down from a raised 
platform with the hands on the hips. Reproduction of pain indicates a positive 
test [54].

 Discussion

Telemedicine has been available for decades but its use has been limited due to 
concerns about improper technology or equipment, safety, reimbursement, HIPPA 
compliance, and other issues. Many of the barriers to the use of telemedicine have 
been terminated during the COVID-19 pandemic, and the use of telemedicine has 
increased substantially. With the substantial rise in the use of telemedicine and lim-
ited ability to see in-person clinic visits, it is vital that providers understand the limi-
tations that may accompany telemedicine visits and adapt to work within these 
constraints. A common misconception is that the physical exam is unable to be 
performed via telemedicine visit. However, telemedicine has been used in multiple 
settings, including outpatient and inpatient, and has been shown to have similar 
safety and quality compared to in-person clinic visits in both new and follow up 
surgical and nonsurgical patients [55, 56]. General neurological telemedicine exam-
inations have good interrater reliability in a study of emergency room patients [57].

We have demonstrated that telemedicine may be used to perform physical exami-
nations in the field of pain management to evaluate and treat patients with a wide 
variety of painful conditions caused by spinal pathology or conditions that may 
mimic spine pathology. Patients who are inadequately evaluated using telemedicine 
may be scheduled for timely in-person evaluations or directed to the emergency 
department for further evaluation.
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33The Future of Spine Care

Kathleen R. Bell, Hunt Batjer, and Charles Whitten

The conundrum of spine disorders remains unanswered at present. While surgical 
techniques and certain technologies have advanced, the overall approach to spine 
care remains fragmented to a large degree. However, there are a number of evolv-
ing approaches that offer great promise. The future of spine care will include new 
technological advancements as well as widespread use of evidence- based, cost 
effective interventions that have not yet been fully adopted by patients and physi-
cians. The information from large electronic medical record databases about the 
natural history of back pain, other spine disorders and treatments will change the 
approach to management. Last but perhaps most importantly, the formation of 
interdisciplinary teams to evaluate and treat pain with the patient as an essential 
team member will permit the most judicious management plan. In considering the 
future of spine care, we will discuss new technology and techniques, the advent of 
big data, team medicine, and the continued struggles with pain management and 
legal challenges.
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 Technology and Technique

 Injections

Injections for spine pain are criticized for being over-utilized and trends toward 
decreasing unnecessary injections will likely occur [1]. The practice of performing 
multiple types of injections for chronic pain symptoms will likely decline. Instead, 
using injections in conjunction with surgical planning is a likely trend. The compli-
cations from injections have increased over the past decades along with the number 
of injections being performed.

A number of recommendations have been made to reduce the risk associated 
with injections for spine pain [2]. These recommendations will be incorporated into 
widespread practice in the future. For cervical interlaminar injections, imaging is 
recommended for needle placement. The recommended level for cervical interlami-
nar injection is C7-T1. Contrast injection is also recommended. For transforaminal 
injections, contrast injection using extension tubing and continuous fluoroscopy or 
digital subtractions is recommended. Particulate steroid is not recommended. 
Moderate to heavy sedation is not recommended. These recommendations will 
likely be implemented into practice. Reimbursement for these procedures may 
become tied to documentation of performance of these steps. Additional safety rec-
ommendations have been proposed by the Benelux work group [3]. These recom-
mendations are likely to influence future practice as well.

In summary, a test dose of local anesthetic should be used for transforaminal 
injections before steroid injection. Limiting the doses of steroid to 40 mg of meth-
ylprednisolone, 20  mg for triamcinolone and 10  mg dexamethasone, is recom-
mended. Dexamethasone (as opposed to particulate steroid) is recommended for 
transforaminal injections above the L3 level. Imaging should be reviewed prior to 
injections to make sure the epidural space is large enough at the level of injection to 
accommodate the volume of injected fluid. The volume of injected fluid should be 
limited to 4 ml. The needle tip should be placed in the posterior foramen. Air bub-
bles should be removed from the tubing.

Cervical transforaminal injections are falling out of favor due to complications 
from intra-arterial injections and injuries. Furthermore, a randomized trial reported 
no difference between cervical transforaminal steroid injections and controls [4]. In 
another study of cervical transforaminal epidural steroid injections versus facet 
injections, no difference was shown [5].

In the future, complications associated with injection procedures will be reduced 
with improved techniques and also by limiting procedures to evidence-based proce-
dures and cost-effectiveness strategies.

Biological treatments will be studied and in the future some therapies will be 
abandoned while others may be prove to be effective. A phase 1 trial of intradiscal 
adipose derived mesenchymal stem cell injections demonstrated safety [6].

Patients reported reduced pain and disability but studies with a control group are 
needed in this area of research.
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 Multimodal Postoperative Analgesia

Multimodal analgesia with gabapentinioids, magnesium, corticosteroid and ket-
amine has become popular [7]. However, none of these drugs have FDA labeled 
indications for perioperative pain. A multimodal regimen of acetaminophen, gaba-
pentin, ketamine and iv lidocaine was not shown to be superior to placebos of each 
drug in patients undergoing multilevel spine surgery [8].

In the future, multimodal analgesia may be simplified to use fewer drugs and 
focus on using acetaminophen, NSAID and local anesthetic. Opioids will be used as 
rescue analgesics. Also, non-drug interventions such as relaxation techniques (e.g. 
diaphragmatic breathing) and physical modalities (e.g., cold) will be used routinely.

 Surgical Innovation

Several factors will improve surgical treatments of spine conditions in the future. 
New techniques to preserve motion will be developed as an alternative to fusion. 
Preoperative planning will be more accurate using advanced imaging. 3 dimen-
sional imaging for hardware placement will be used. Robotics will be used for mini-
mally invasive techniques. Implanted devices will be customized on site on the day 
of surgery. New materials for devices will increase the options for many procedures.

 Neuroaugmentation

The use of spinal cord stimulation for back pain may increase as new high fre-
quency stimulation patterns are proving to be effective [9, 10].

 Big Data

 Electronic Medical Records and Registries

Electronic medical records will become easier to use and more efficient. Electronic 
medical records may help identify patients who are over utilizing resources early. 
For example, one study found, through electronic medical record information, that 
male gender, workers’ compensation and smoking were associated with higher 
treatment costs [11].

Also, a clinical decision support tool has been embedded in the electronic medi-
cal record to help guide return to work prescriptions successfully [12].

Big data research using data from electronic medical records will lead to the 
identification of risk factors and risk mitigation factors that will change practice.

Machine learning will empower physicians to make individualized and specific 
treatment recommendations to each patient. Spine care patients will be a major 
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beneficiary of this new technology if we create the accurate data input gained from 
new technologies. Studies are currently underway to use artificial intelligence, 
genomic analysis, genome guided therapy, microfluidics, genome editing, wearable 
monitors, digital health and biomaterials to customize treatment for individual 
patients in a variety of clinical settings [13].

Machine learning and artificial intelligence will be able to predict non-surgical 
versus surgical outcomes more accurately than regression models [14]. This will 
allow patients to participate in shared decision making in a more meaningful way.

 Guidelines

When clinicians were asked if the medical community would ever reach a consen-
sus about how to treat nonspecific low back pain, 83% said no. [15]

Patients were asked what helped them the most. 63% said a combination of treat-
ments followed by medication (14%), physical therapy and exercise (12%), psycho-
therapy (4%), relaxation therapy (3%), heat (2%), chiropractic manipulation (2%), 
yoga or tai chi (0%) and acupuncture (0%). In the future, Clinical Practice Guidelines 
will be used on a more widespread basis. Using non-pharmacological treatments 
and self-care will be promoted with education delivered electronically [16, 17].

Different groups have promulgated different guidelines based on their own anal-
ysis of evidence and opinion [16–23]. The possibility of bias exists towards the 
services offered by the group formulating the guidelines. Also, bias may exist based 
on other factors including financial relationships with interested parties. In the 
future, guidelines will be improved to be more universally accepted by surgical and 
non-surgical specialties. Cost effectiveness and patient preferences may be included 
as factors.

 Outcome Documentation

In the future, physicians will be increasingly required to document their outcomes; 
however, there is no established standard outcome reporting system for spine care. 
The North American Spine Society has a long track record of work developing 
instruments for cervical and lumbar spine conditions [24–26].

Several instruments have been validated to evaluate cervical spine patients includ-
ing the neck disability index, the NASS cervical questionnaire and the core outcome 
measures index (COMI) for cervical spine problems [27–29]. The Oswestry low 
back disability questionnaire, Quebec back pain disability scale, the North American 
Spine Society Lumbar Spine Outcome Assessment Instrument and the Roland Morris 
low back pain measure have been validated for lumbar spine problems [29–32].

For pain research, several critical outcome domains have been identified includ-
ing (1) pain, (2) physical functioning, (3) emotional functioning, (4) participant 
ratings of improvement and satisfaction with treatment, (5) symptoms and adverse 
events, (6) participant disposition (e.g. adherence to the treatment regimen and rea-
sons for premature withdrawal from the trial) [33].
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Also, outcome instruments have been developed to measure comprehensive 
medical outcomes including the SF-36 and PROMIS system [34, 35]. The PROMIS 
system has been used to develop a measure for pain interference and pain behavior 
[36–38].

In the early 1990’s the commission for the accreditation (CARF) promoted an 
outcome system with 10 domains:

 1. Medical findings
 2. Pain severity
 3. Medications
 4. Physcial fucntion
 5. Social function
 6. Psychological function
 7. Productivity
 8. Healthcare utilization
 9. Patient costs
 10. System costs

While these outcome domains are too comprehensive for most practicing clinicians 
to implement, they include important items. Medications and doses are important to 
track due to the opioid epidemic. Productivity is a major outcome that most self- 
report instruments fail to capture. Healthcare utilization and costs are obviously 
important but they are difficult to quantify.

The Canadian Occupational Performance Measure (COPM) is an instrument that 
allows patients to set their own goals and individualize their outcome data [39]. It is 
a truly patient centric outcome instrument and is validated.

A major limitation of self-report outcome instruments is patient participation. 
Many outcome measures are repetitive and lengthy. Patients do not complete online 
questionnaires or paper forms reliably. The amount of missing data is problematic. 
In the future, collecting data may include using smart phones and remote monitor-
ing devices to monitor patients’ activity and outcomes continuously in real time 
instead of periodically with snapshot lists of self-report questions.

Electronic medical records may become a meaningful source of outcome data if 
discreet data fields can be standardized for spine care [40].

Until a standardized outcome system for spine has been developed, patient satis-
faction and treatment costs will likely continue to be outcomes that payors use to 
discriminate between providers.

 Team Medicine

 Interdisciplinary Spine Rehabilitation Programs

The future will include interdisciplinary pain management being used more frequently 
and earlier in the course of spine pain. A systematic review of multidisciplinary bio-
psychosocial rehabilitation for chronic low back pain concluded that the 
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multidisciplinary model is more effective than physical treatments alone [41]. 
Interdisciplinary pain management programs can not only improve chronic pain but 
can prevent chronic low back pain and the associated bad outcomes (e.g. Opioid use, 
overutilization) from progressing [42, 43]. Several studies have compared interdisci-
plinary pain management to lumbar spine fusion surgery [44–48]. The results suggest 
that interdisciplinary pain management programs may be a good alternative for many 
patients. In the future, interdisciplinary pain management may be required before or 
in conjunction with lumbar spine fusion surgery. Also, interdisciplinary pain manage-
ment programs are an effective treatment for opioid reduction [49]. Interdisciplinary 
pain programs will be an important alternative to chronic opioid therapy and may be 
a useful adjunctive therapy for patients with co-existing substance use disorder and 
chronic pain. However, interdisciplinary pain programs have become less abundant. 
One estimate concluded that we have only 1 program for every 670,000 Americans 
[50]. In the future, an increase in the number of these programs is necessary in order 
to provide the best care for many patients with chronic pain.

 Prevention and Self Management

The future will include improved utilization of measures to prevent back pain. We 
already have evidence that exercise and education prevent back pain [51]. However, 
only 23% of Americans between the ages of 18 and 64 meet guidelines recommen-
dations for exercise [52].

Educational material about proper body mechanics for lifting and other activity 
is available but not widely used [53, 54]. Avoiding heavy lifting and lifting and 
twisting simultaneously may prevent back pain. Avoiding bed rest as a treatment for 
non-specific low back pain is essential. Also, smoking cessation may reduce the risk 
of developing back pain. Maintaining a healthy weight with proper nutrition may 
also be beneficial. Self-care for acute episodes of back pain using heat and over the 
counter analgesics will help patients manage most episodes of uncomplicated, acute 
back pain. Providing education in a format that is effective for the patient is criti-
cal [55].

Improved methods for motivating patients to prevent back pain will be developed 
in the future. Motivational interviewing has been successful in patients with other 
conditions [56, 57]. Preliminary evidence suggests that motivational interviewing 
may be successful in managing subacute low back pain [58].

 ERAS Programs

Enhanced recovery after Surgery (ERAS) programs have been used for a wide vari-
ety of cases including spine surgery. In the future, these programs will be studied 
and refined to retain effective interventions and abandon interventions that are not 
cost effective. For spine surgery, a comprehensive preoperative plan including a pre- 
habilitation period has been used [59].
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Minimally invasive surgical techniques allow for rapid postoperative mobiliza-
tion, same day or short stay hospitalization and rapid return to work. In the future, 
new surgical techniques will minimize tissue trauma and the associated recov-
ery time.

 Healthcare System Changes

Incremental changes in the healthcare system are more likely than a sudden change 
to a single-payer system. However, the costs associated with back pain evaluation 
and treatment will get more scrutiny in the future. Direct costs for back pain health-
care are $34,167,000,000 (2010 dollars) in the United States [59–61].

A recent study found that 55.7% of patients with newly diagnosed back pain 
received no medical treatment and only 1.2% had surgery. However, the cost of 
surgical treatment was 29.3% of the total costs over 12 months. The non-surgical 
patient’s evaluation and treatment cost 1.8 billion dollars. 32.3% had imaging within 
30 days of diagnosis and 35.3% had imaging without first having a trial of physical 
therapy [62].

Indirect costs have been estimated to be twice that of the indirect costs [63]. An 
early intervention interdisciplinary pain rehabilitation program is an effective way 
to reduce indirect costs associated with back pain [64].

In this study, adding a work transition program to the early intervention program 
did not add benefits. In the future, early intervention approaches will emerge to 
reduce not only the direct costs of treatment but the indirect costs.

 New Models of Care

Managed care will enforce guidelines for evaluation and treatment, particularly for 
imaging and procedures. Telemedicine can provide more frequent contacts at lower 
costs per contact. This may facilitate moving patients along a care path. Direct 
access to spine clinics will streamline care and provide most evaluation and treat-
ment services in one location.

Risk stratification methods will specifically determine the spinal level involved 
for an episode of care. This will focus care on a specific injury or diagnosis rather 
than open up reimbursement for treatment of other problems. Risk stratification 
methods will also determine the severity of spine pathology and will guide treat-
ment options rather than allow a non-specific series of conservative treatment trials. 
Risk factors for disability and long term overutilization will be identified during the 
acute and subacute phases.

The STarT instrument has been used to evaluate patients with back pain of any 
duration and to classify patients as low, moderate or high risk [65, 66]. A treatment 
plan based on the StarT risk level has been associated with better outcomes [67].

Interventions to mitigate that risk will be implemented in a timelier fashion 
rather than delaying risk management until patients have chronic symptoms or are 
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at catastrophic risk levels. Care paths for specific populations and diagnoses will 
focus resources to maximize cost effectiveness and reduce complications.

 Medical Training

The number of spine specialists has increased significantly over the past decades. If 
the number of spine procedures being performed is too high, perhaps the number of 
training positions for interventional specialists should decrease and the number of 
specialists with non-invasive training should increase. This would produce a better 
match between the supply and demand for evidence based treatment. In the future, 
compensation models will shift to incentivize medical students to enter training 
programs in specialties in short supply.

 The Opioid Epidemic

The future of spine care will continue to include the use of opioids for pain control, 
but the average duration of treatment and dose will decline. Multiple factors are 
moving spine care away from opioid therapy, especially for chronic back pain. The 
number of deaths in the United States from drug overdoses during the opioid epi-
demic has surpassed 700,000 and most of these involve prescription opioids, 
obtained either legally or illicitly [68].

In 2017, 18 million Americans (5.5%) took opioids daily for pain. 4.2% of the 
US population aged 12 or older misused opioids (including heroin). 92% of the 
people who misused were taking prescription opioids, whether acquired legally or 
illegally [69, 70]. From this, it seems clear that there is too much prescription opioid 
being dispensed to the public to maintain a reasonable level of safety.

Treating osteoarthritis with tramadol as a first line drug is associated with higher 
1 year mortality compared to initial treatment with NSAID [71]. One study found 
that over 50% of non-fatal overdoses occur within 90 days of opioid treatment and 
that 30% occur on doses below 50 mg per day of morphine equivalents [72]. This 
contradicts the notion that only patients on high dose, long term opioid therapy are 
at high risk for accidental overdoses.

In the future, opioids will continue to be used to treat postoperative pain but the 
trend will be that opioids will be tapered off after an appropriate duration of time 
and non-opioid analgesics will be used as alternatives for long term use.

 Lack of Efficacy of Opioids for Long Term Use

In addition to a lack of safety, there is a lack of long- term evidence from random-
ized controlled trials demonstrating more than a small analgesic with opioids in 
patients with chronic pain [73]. The SPACE trial showed that in patients with 
chronic back, hip and knee pain, non-opioid analgesics were actually more effective 
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analgesics than opioids [74]. No difference between the groups was found for func-
tional status. Another study found that only 12% of patients on long-term opioid 
therapy experience both significant analgesia (>30%) and high levels of function-
ing [75].

So treating patients with opioids long term is of questionable efficacy, as well as 
safety. In the future, the percentage of the spine patient population taking opioids 
long-term will reduce by 50% or more. Also, the average dose will decrease by 50% 
or more. Intrathecal opioid pump use for back pain is likely to decline as well.

 Opioids and Surgical Outcomes

Preoperative opioid use is associated with worse postoperative outcomes [76]. 
Reducing opioids before surgery may mitigate against the adverse effects of chronic 
opioid use [77]. Also, prescribing less opioid than in the past for post-operative pain 
doesn’t seem to worsen outcomes and has the positive effect of reducing the amount 
of opioid available for diversion or overdose, accidental or intentional [78].

In one study of patients having spine surgery, 12.8% of opioid naive patients 
continued opioids chronically after surgery [79]. 77% of long-term preoperative 
opioid users continued opioids long term after surgery. Preoperative opioid doses 
and the number of postoperative prescribers were the strongest associated factors. 
However, in another study, opioid naive patients, only 0.2% of patients took opioids 
longer than 6 months after surgery [80]. This suggests that patients on opioids pre-
operatively may be a bigger problem than opioid naive patients who can be easily 
tapered off opioids after surgery.

Checking electronic prescription records prior to prescribing opioids and other 
scheduled drugs will become required in most, if not all, states in the US. Also 
checking the electronic prescription record prior to scheduling surgery may be used 
in the future to evaluate perioperative risk. The opioid dose, number of prescrip-
tions, prescribers, pharmacies, and distance traveled for prescriptions and out of 
pocket purchases have been identified as risk factors for overdose or misuse [81–83].

Regulators at the state and federal level will become more active with disciplin-
ary actions against physicians about opioid prescribing during the perioperative 
period, as well as the non-surgical spine episodes of care. Surgeons will prescribe 
opioids for shorter durations for postoperative pain and will need to see patients on 
a more frequent basis to manage opioids in the postoperative period.

 Regulatory and Medicolegal Environment

The future will bring more malpractice and medical board action due to complica-
tions and dissatisfaction with results. More physicians have been trained to treat 
spine pain and they will face increased scrutiny [84–86]. Increases in liability asso-
ciated with cervical injections and medication management have occurred over the 
past decades [87]. This will likely result in less aggressive use of cervical injections 
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and opioid prescribing. A study of spine surgery litigation in the United States 
reported that the average settlement amount was $2,384,775 and the average jury 
award was $3,945,456 [88].

The future will include additional attempts at tort reform and more peer review 
of complications and patient complaints.

 Patient Satisfaction

Patient satisfaction is higher among outpatients with chronic musculoskeletal pain 
who are treated with opioids [89]. In another study, higher patient satisfaction scores 
were associated with fewer emergency room visits but with more hospitalizations, 
higher health care costs including prescription drug costs [90].

Paradoxically, higher satisfaction was associated with higher mortality. However, 
in a surgical population, opioid prescribing was decreased by 50% without adverse 
effects on satisfaction scores [91]. In this study, the surgeons set clear expectations 
about pain and opioids preoperatively and prescribed effective non-opioid analge-
sics as an opioid sparring intervention.

In the future, patient satisfaction surveys will use computer adaptive testing to 
gain more information about the reasons for dissatisfaction. In this way, dissatisfac-
tion related to factors beyond the physicians control will not be held against them.

 COVID-19

At the time of this writing, the world is being overwhelmed with the new Covid 19 
disease (Severe acute respiratory syndrome coronavirus-2). The impact of Covid 19 
on spine care is uncertain but it is likely that vaccines will be successful along with 
moderately effective treatments. The economic impact of this disease may have a 
long term effect on investment in new technology for spine care and may result in a 
realignment of healthcare priorities.

The expanded use of telemedicine during the pandemic will have a lasting effect 
on the way we manage our outpatient practice for Spine Disease.

 Conclusions

The future of spine care will be characterized by significant technological advances 
and simultaneous healthcare market forces to increase cost effectiveness. The physi-
cians and health systems that can deliver results on both will prosper.
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