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Preface

The spine is a complicated structure that has led to great suffering and medical
intrigue since antiquity. The process of being debilitated by spinal disease and sub-
sequently reborn after a spinal intervention is a familiar story in our culture and in
many cultures around the world. The ability for patients to continue in pain is unac-
ceptable to most concerned parties, but unfortunately the solutions for this problem
have also often proven to be fraught with issues. These solutions have included
extensive and invasive surgeries, opioids, repetitive injections, and other passing
trends that have not stood the test of evidence-based examination.

The continued quest to relieve pain and suffering in the twenty-first century has
brought a desire for physicians, engineers, and industry to work together to achieve
a goal of less invasive and more efficacious options for patients who suffer from
spine-related maladies. This illustrated atlas is a modern update of these newly
developed, cutting-edge procedures. Each chapter has an objective to create a road-
map to give optimal instruction regarding techniques, complication mitigation, and
patient selection for better outcomes. This allows the physician to consider the criti-
cal steps of each method and the pearls of each treatment option. This layout allows
for advancement of the physician who is learning these therapies such as residents
and fellows but also allows for patient care improvement in the experienced hands
of a seasoned doctor. This book goes beyond perceived boundaries of specialties,
providing critical information and guidance to invasive pain specialists, anesthesi-
ologists, physiatrist, neurosurgeons, and orthopedic spine surgeons.

In this colorful atlas, we examine minimally invasive options for treatment of
ailments caused by the disc, nerve, joint, ligament, and combined disease states
involving multiple structures. For each procedure, we go by a step-by-step approach
to help make the review of these methods easier for reference in the daily perfor-
mance of these techniques.

We are very proud of this atlas and greatly acknowledge the work of the many
excellent physicians, researchers, and colleagues who participated in this book. Not
only does their scholarly work make this book an excellent resource that should be
in all libraries of those treating spinal disease, but the work of these amazing physi-
cians advances the field daily in the United States and throughout the international

vii



viii Preface

community. We also acknowledge the critical eye and timely editorial guidance
given to this project by Lee Klein, who did an extraordinary job.

We are hopeful that this illustrated atlas meets our primary goal. That objective
is to elevate patient care and improve outcomes. This goal of helping our patients is
why we continue to strive continuously to improve care and to serve those who need
our assistance to reduce suffering and improve quality of life.

New York, NY, USA Sudhir Diwan
Charleston, WV, USA Timothy R. Deer
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Part I
Advanced Spinal Interventions

Steven M. Falowski and Kenneth M. Alo

The subspecialty of minimally invasive surgery (MIS) for the treatment of pain has
been practiced in various forms for decades, but never has it undergone such simul-
taneous growth and transformation. The MIS neurosurgeon of old has evolved into
today’s MIS pain management interventionalist thanks to the advent of miniaturized
optics, implants, electrodes, batteries, and endoscopic portals; high-resolution ste-
reotaxy, perioperative mapping, and neurophysiologic monitoring systems; and
directional, multichannel catheters with real-time intraoperative imaging.
Transformed by these innovations, physicians are now focused on objective, com-
passionate, less traumatic, and advanced surgical care, as well as continuous,
advanced training and education. Minimally invasive access, technology, and tools
are changing rapidly with options that will soon fit in the hands of all pain special-
ists. It is therefore fitting that this new Atlas, in part dedicated to minimally invasive
spinal education, arrives to help advance the field and future of minimally invasive
surgery for the management of pain.
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Chapter 1

Advanced Spinal Mapping:

An Interventional Continuum

for Axial, Radicular, and Dorsal Root
Ganglion—-Related Pain

Jonathan D. Carlson and Kenneth M. Alo

1.1 Indications

The anatomy of the spine can undergo numerous changes that result in pain. Various
forms of chronic pain, including pain of the neck, back, or extremities, may indicate
one or more spinal pathologies. Differing treatments may be used depending on the
pain generator, including radiofrequency neurotomy, corticosteroid injection,
decompression, and neurostimulation. Utilizing an appropriate treatment may be
challenging, given frequently comorbid spinal pathologies and potentially overlap-
ping symptoms. Spinal mapping enables the identification and treatment of the
appropriate pain generator. Spinal mapping and subsequent treatments can be used
for a number of varying indications:

e Facet arthropathy

e Posterior disc herniation or extrusion

e Anterior disc herniation or extrusion

¢ (Central canal stenosis

e Lateral canal stenosis

¢ Neuroforaminal stenosis

e Chemical disruption of the disc

e Intradiscal pressure

e Annular disc tear

* Dorsal root ganglion (DRG) mapping to optimize DRG stimulation

J.D. Carlson (P<)
Arizona Pain/Pain Doctor, Glendale, AZ, USA
e-mail: jearlsonmd @ gmail.com

K.M. Al6
The Methodist Hospital Research Institute, Texas Medical Center, Houston, TX, USA
e-mail: aglioolio@gmail.com
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1.2 Relevant Anatomy

Denis’ three-column theory divides the anatomy of the spine into three parallel
vertical columns [1]:

e Anterior column
e Middle column
e Posterior column

The anterior column includes the anterior longitudinal ligament (ALL) and the
anterior half of the vertebral body and intervertebral disc. The middle column
includes the posterior half of the vertebral body and intervertebral disc, as well as
the posterior longitudinal ligament (PLL). The posterior column includes every-
thing posterior to the PLL: the ligamentum flavum, pedicles, facet joints, and the
neural arch and supraspinous ligaments.

1.3 Contraindications

Most spinal mapping techniques and associated interventional procedures tend to be
minimally invasive, with low risk, but as with any spinal intervention, each patient
must be carefully examined for any associated pathophysiological conditions or
other contraindications to their use:

e Coagulopathy, platelet count of less than 100,000

e Implants (pacemaker, neural implants, etc.)

e Skin infection over placement site

e Allergic reaction to local anesthetics or any other medication provided during
procedure

e Malignancy near placement site

e Hypovolemia

e Sepsis

e Spinal abnormalities or decreased spinal stability

e Pregnancy

e Renal insufficiency

e Chronic liver dysfunction

e Cerebrovascular disease

* Increased intracranial pressure

 Patient refusal
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1.4 Preoperative Considerations

e The patient should receive an explanation of the procedure and all risks and sign
an informed consent form.

e Patient must be able to remain in a prone position for the entire duration of the
procedure.

e A complete preoperative checklist should be followed, including reports of med-
ications such as anticoagulants.

e The needle placement site should be examined to ensure that no negative skin
conditions are present.

¢ Intravenous access should be established for IV fluid and medication, in case the
patient experiences a vasovagal reaction.

1.5 Fluoroscopic Views

Classic fluoroscopic views for selective nerve root block (SNRB) are utilized:
anteroposterior (AP), oblique, and lateral views.

1.6 Positioning of the Patient

Patient positioning is a very important component of the procedural process.
Incorrect patient positioning can lead to various problems and even bodily damage.
A significant portion of epidurals, medial branch blocks, and radiofrequencies
require patients to be on their abdomen in a prone position. When the patient is
prone, it is best to provide support under the abdomen to reduce lumbar lordosis;
this can be achieved by using a pillow. Furthermore, a pillow should be placed under
the feet (upper foot) as a form of comfort. If the patient is placed laterally—such as
during a cervical medial branch block and/or radiofrequency—then a pillow should
be placed under the head to keep the cervical spine aligned and minimize lateral
flexion.

1.7 Equipment

Standard radiofrequency ablation (RFA) equipment, probes, and needles are used
for spinal nerve root mapping (Figs. 1.1 and 1.2).
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Fig. 1.1 Left, Standard radiofrequency ablation (RFA) needle with 10-mm active tip. Right, RFA
probe

Fig. 1.2 Standard RFA
machine with sensory
program used for spinal
nerve root mapping

1.8 Technique

Interventional treatments for chronic pain originating in the spine involve the local-
ization of pain to the anterior or posterior column of one or more segments of the
spine (Figs. 1.3 and 1.4). This mapping has traditionally involved either the selec-
tive injection of an anesthetic at the medial branch or spinal nerve roots (allowing a
pain generator to be identified at a specific vertebral level) or provocative discogra-
phy with pressure manometry to identify a pain generator at a specific intervertebral
disc. There are some limitations with these traditional spinal mapping techniques.
Pain relief provided by the anesthetics is usually delayed, meaning that the patient
will not be able to provide immediate feedback on whether the targeted region is
actually painful. Furthermore, several of these mapping techniques require struc-
tural imaging (MRI, CT, or xeroradiography) in order to identify potentially painful
regions. These techniques suffer from additional disadvantages, including overlap-
ping clinical presentations of facet-based and radicular pain, variance in patients’
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Fig. 1.3 Needle and probe placement for lumbar spinal nerve root mapping

Fig. 1.4 Anteroposterior (AP) and lateral fluoroscopic views showing an example of needle place-
ment for left L5 spinal nerve root mapping

pain reporting, and complications when attempting to identify the relationship
between symptoms and structural imaging.

More recently, additional techniques have been introduced for the localization of
pain generators. One such technique is radiofrequency needle stimulation [2].
Needle quantity varies by case, based on the number of regions being targeted.
Radiofrequency stimulation can be used to generate paresthesia in multiple ana-
tomical regions. Patients can provide immediate feedback on whether the affected
region(s) are concordant with their pain. Additionally, this stimulation allows dif-
ferentiation between radicular and segmental pain [3]. When concordant paresthesia
is achieved through stimulation, anesthetic can be introduced to the corresponding
nerves. A positive response to both radiofrequency needle stimulation and anesthet-
ics should be followed by radiofrequency neurotomy [4, 5].

Despite its efficacy, radiofrequency stimulation has a few limitations. It requires
multiple needle placements to examine the various levels, which generally requires
multiple needle punctures, though it is possible to map multiple levels from a single
incision by administering radiofrequency stimulation through an epidural catheter
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[3]. The epidural catheter would allow for radiofrequency stimulation mapping of
the dorsal ganglion and spinal root at numerous levels both bilaterally and
ipsilaterally.

Another limitation of radiofrequency stimulation is that nerve branches at adja-
cent levels have overlapping areas of neural innervation. This can leave some ambi-
guity about the anatomical pain generator. Diagnostic epiduroscopy allows for the
direct visualization of the epidural space. This technique allows for greater localiza-
tion of pain generators. In the case of radiofrequency nerve stimulation, one can
identify either dermatomal or sclerotomal pain patterns [6]. Diagnostic epiduros-
copy can localize pain to either the anterior or posterior epidural space. New inter-
ventional techniques, such as new forms of decompression, new electrode designs
for spinal cord stimulation, and new stimulation waveforms, can potentially take
advantage of the more precise localization provided by advances in spinal pain

mapping.

1.9 Middle Column/Anterior Column: Posterior Epidural
Space

Fibrosis or the thickening and scarring of connective tissues has been treated in a
multitude of ways. One popular treatment of choice for fibrosis within the posterior
epidural space has been chemical adhesionolysis. Paired with fluoroscopy and
enhanced with an endoscopic camera, epiduroscopic chemical adhesionolysis pro-
vides physicians with a better ability to penetrate through scarred tissue [7]. Though
positive results have been found with the use of epiduroscopic chemical adhesionol-
ysis, problems such as root compression and scarring can occur. Additionally, even
though epiduroscopy provides visualization of change in inflammation within the
epidural space, it has been limited by its poor optics and insufficient steering capa-
bility of the catheter(s) [8]. To ameliorate these epiduroscopy challenges, multiport
endoscopes have been developed for the posterior epidural space, which allow
increased instrumentation range and clearer and more precise visualization [9].

1.10 Anterior Epidural Space

Chronic pain can result from various pathologic changes of the anterior epidural
space, such as acute neovascularization, annular disc tears, anterior disc herniations
or extrusions, and chronic scar tethering. The anterior epidural space and disc-nerve
interface can be directly visualized and accessed through an expanded in-line lami-
notomy and release of the filum terminale [10]. Alternatively, the anterior epidural
space can be accessed through the sacral hiatus with a flexible endoscope [6]. The
endoscope can be used to introduce balloons, stimulating catheters, laser waveguide
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fibers, and quantum molecular resonance fibers for both diagnosis and treatment.
This approach has been used to successfully deliver decompression of the anterior
epidural space [11].

1.11 Post-procedure Considerations

The patient should be contacted via telephone the day after the procedure to check
for any potential complication that might have arisen. The patient should also be
questioned about pain relief secondary to the local anesthetics. For interventional
pain procedures, the patient should be reminded that relief may take several days (as
for the anti-inflammatory effects of a steroid injection) or weeks (as for radiofre-
quency neurotomy). The patient should be monitored closely and should contact the
pain clinic if he or she experiences any procedure-related complications or unex-
pected neurologic deficits:

e Urinary or bowel incontinence
* Bleeding

* Persistent nausea or vomiting
e Fever

* Severe site pain

* Paresthesia

*  Weakness

1.12 Potential Complications

The procedures discussed in this chapter are primarily less invasive than other oper-
ations. They require percutaneous needle placement, but with the use of precise
needle-placement techniques, complications associated with these procedures are
rare. Site infections are a potential complication, but they can be easily circum-
vented by following sufficient aseptic guidelines. Other complications are also
possible:

* Bruising of placement site

e Hematoma

* Paresthesia

* Nerve damage/injury

e Adverse injectate reaction

» Severe allergic reaction to local anesthetics
* Confusion

* Dural puncture headaches

* Chronic adhesive arachnoiditis
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1.13 Clinical Pearls and Pitfalls

Managing patient expectations and patient education are essential. Although
nerve root mapping can help in elucidating which spinal nerve roots are affected,
it is important to correlate the direct afferent and local anesthetic phase responses.
The clinical diagnosis and decision-making on which nerve(s) may be affected is
ultimately at the discretion of the provider.

If intravenous sedation is to be used, it is important let the anesthesiologist know
that the patient must be able to maintain meaningful communication throughout
the entire procedure, for both safety and diagnostic purposes.

It is very important to educate the patient that the important question is not how
“intense” the sensory perception or paresthesia is when electrical stimulation is
implemented, but rather whether it covers the area of the patient’s pain (concor-
dant paresthesia, etc.).

Sensory stimulation of the intended spinal nerve root should ideally be done
between 0.5 and 1.0 V, or the needle should be adjusted to optimize paresthesia
perception.

Once spinal nerve root mapping is complete, performing a concurrent selective
nerve root block at the nerve root that may be the most affected should be con-
sidered, to further confirm the findings of the nerve root mapping.
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Chapter 2
MILD: Percutaneous Lumbar
Decompression for Spinal Stenosis

Sudhir Diwan, Timothy R. Deer, Leonardo Kapural, and Jason E. Pope

2.1 Introduction

Lumbar spinal stenosis (LSS), or the narrowing of the spinal canal and neuroforam-
ina, is secondary to degenerative changes in the spine, causing hypertrophy of the
ligamentum flavum, degenerative disc disease, facet arthropathy, and osteophyte
formation (Fig. 2.1). Central LSS leads to compression of the spinal cord, and
foraminal stenosis causes compression of exiting nerve root causing radiculopathy.
The hallmark symptom of LSS is neurogenic claudication (NC), which is pain
aggravated by axial extension and relieved by forward flexion. Patients with LSS
may also present with radiculopathy described as radiating pain in a dermatomal
distribution. LSS generally affects men and women after age 50.
Lumbar spinal stenosis is defined as decrease in caliber of the spinal canal.

* Absolute spinal stenosis: 10 mm midsagittal lumbar canal diameter on CT
» Relative spinal stenosis: 13 mm midsagittal lumbar canal diameter on CT
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Healthy, Open Spinal Canal Aging Spinal Canal with Stenosis
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Fig. 2.1 (a, b) Comparing healthy open spinal canal with spinal canal stenosis with ligamentum
flavum hypertrophy (Courtesy of Vertos Medical Inc.; Aliso Viejo, CA, USA)

The initial clinical presentation of LSS is insidious, and treated with conservative
management including physical therapy, nonsteroidal anti-inflammatory and anal-
gesic medications, and epidural steroid injections. The epidural steroid injections
provide only short-term relief of radicular pain and are generally less effective in
treating painful NC, which is not caused by central canal stenosis secondary to
hypertrophied ligamentum flavum. Unfortunately, if the epidural steroid injections
fail to provide adequate pain relief, the next step is surgical laminectomy decom-
pression of the lumbar spinal canal with or without spinal fusion.

However, the quest for less invasive surgical techniques continues to shorten
recovery times, decrease complication rates, and reduce tissue trauma, iatrogenic
instability, and adjacent level disease secondary to extensive fusion. Percutaneous
lumbar decompression of LSS is performed in an ambulatory set-up. The decom-
pression of narrow spinal canal is achieved by removing small portions of lamina
and ligamentum flavum (LF). The minimally invasive lumbar decompression
(MILD) procedure is performed through a 6-gauge port under fluoroscopic guid-
ance, with minimal tissue disruption. There is plenty of evidence in literature for the
safety and clinical efficacy of this procedure, which virtually eliminates the possi-
bility of serious complications including dural tear, blood loss requiring transfusion,
and neurological complications.

2.2 Causes of Symptomatic LSS

e Ligamentum flavum hypertrophy (Fig. 2.2).
e Ligamentum flavum buckling

* Facet joint hypertrophy

e Vertebral body osteophytosis
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Fig. 2.2 (a, b) Severe spinal stenosis in sagittal (a) and axial (b) views

e Bulging and herniated discs
* Spondylolisthesis

2.3 Surgical Treatment of Central LSS

e Lumbar laminectomy

e Laminectomy with fusion

e Discectomy with laminectomy and fusion
 Interspinous space distraction

MILD procedure is a minimally invasive therapeutic option for LSS. It debulks
the ligamentum flavum and portions of the lamina to restore space in the spinal
canal. The restoration of space in the canal can be confirmed during the procedure
utilizing the epidurogram (Fig. 2.2).

2.3.1 Epidurogram

The epidurogram is a key aspect of the MILD procedure. It is important for the
safety during the procedure allowing decompression while ensuring that the ron-
geur or sculpter does not contact the dura, preventing potential patient injury. It
should be performed at the same level and on the ipsilateral side of the level being
treated. It is recommended to use the contralateral oblique fluoroscopic view to
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PROCEDURE
UROGRAM

Fig. 2.3 Pre-procedure epidurogram (a) and hypertrophic ligament flavum (b) causing severe
stenosis before MILD. (Courtesy of Vertos Medical Inc.)

a b

After mild”

After the mild” procedure,
space is restored

asgaediy
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Fig. 2.4 (a) Epidurogram after MILD. (b) Space is restored, pressure reduced, and spinal canal
mobility is restored after the procedure. (Courtesy of Vertos Medical Inc.)

visualize the epidurogram at the treatment site during decompression of the liga-
mentum flavum. The epidurogram provides an anterior safety margin that should be
recognized at all times. The entire decompression procedure should be posterior to
the epidurogram line to protect the spinal canal and neural structures.

In the contralateral view, the epidurogram presents as a clear line representing
the posterior border with a “scalloped” appearance secondary to enlarged ligamen-
tum flavum (Fig. 2.3). Reduction in the “scalloped” appearance, and thickening and
straightening of the epidurogram line, indicate adequate decompression of the liga-
mentum flavum tissue (Fig. 2.4).

The MILD procedure only provides decompression.

Removes only a small portion of the lamina to get access to the ligament

5.1 mm MILD portal minimizes tissue and muscle disruption

Debulks the ligamentum flavum and decompresses the neural structures

e Leaves anterior fibers of the ligament flavum intact

e Supports structures like spinous process, facets, and the majority of the lamina is
left intact
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2.3.2 Fluoroscopic Guidance

Fluoroscopy is a necessary imaging tool to perform the MILD procedure. Align
the inferior endplate of the level being treated in anteroposterior (AP), and open
the interlaminar space for placement of the epidural needle for epidurogram. The
epidural needle should be positioned in the ipsilateral side of the interlaminar
space of the level being treated. The AP and contralateral oblique views are used
for portal placement. The entire debulking procedure should be performed under
the contralateral oblique view. AP view is used during resection to confirm
medial-lateral instrument positioning. The contralateral oblique fluoroscopic
view is obtained by rotating the C-arm to 40°-45° oblique on the contralateral
side of the treatment side. The depth of instrument placement during the MILD
procedure is observed in the contralateral oblique fluoroscopic view. All advance-
ment of instruments, and the entire decompression procedure, should be per-
formed utilizing this view.

2.4 Patient Selection for the MILD Procedure

2.4.1 Inclusion Criteria

Ideal candidates for the MILD procedure would be patients with symptomatic LSS
and dorsal element hypertrophy. Nearly all selected patients experienced prior fail-
ure of conservative therapy that included physical therapy, medications, and/or epi-
dural steroid injections. Typically, patients would experience back and/or leg pain
with or without unilateral or bilateral numbness that occurs with axial loading espe-
cially when walking or prolonged standing. There should be radiologic evidence of
LSS/ligamentum flavum thickness >2.5 mm and typically reduction of dural sac
cross-sectional area to <100 mm?.

2.4.2 Exclusion Criteria

There should not be anterior listhesis of >5.0 mm. The MILD procedure is avoided
at prior decompression surgery level. During MIDAS studies history of recent spi-
nal fractures with concurrent pain symptoms and disabling back or leg pain from
causes other than LSS were considered exclusion criteria and should be considered
relative contraindications for the procedure. Other exclusion criteria include a sig-
nificant or symptomatic disc protrusion or osteophyte formation, as well as symp-
tomatic facet hypertrophy at the targeted level.
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In addition to MILD-specific exclusion criteria, general spinal surgery exclusion
criteria also apply, like bleeding disorders, use of anticoagulants within 3—7 days of
procedure, use of ASAs and/or NSAIDs within 7 days prior to treatment.

Lastly, inability of the patient to lie prone with anesthesia support and any
pathologies affecting wound healing should be considered exclusion criteria for the
MILD procedure as well.

2.5 MILD Procedure Equipments (Fig. 2.5)

a b

Fig. 2.5 (a) Portal. 5.1-mm portal minimizes tissue disruption. (b) Trocar and handle. (c) Portal
stabilizer to minimizes medial and lateral movement. (d) Depth guide to ensure depth of cutting
device. (e) Bone sculpter rongeur. (f) Tissue sculpter allows resection and retraction of ligamentous
tissue. (g) Close-up of tissue sculpter. Top cutting surface cuts only at correct angle, and spoon-bill
cuts only at correct angle. (Courtesy of Vertos Medical Inc.)
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2.6 Technical Steps of the MILD Procedure

2.6.1 Patient Position

Patient is placed in a prone position with pillows under the abdomen to reduce lum-
bar lordosis (Fig. 2.6).

2.6.2 Fluoroscopy

Under fluoroscopic guidance, the midline with spinous process and bilateral
medial pedicular lines are identified and marked at the intended level. The skin
markings are useful guides for the trajectory and orientation of the
instruments.

2.6.3 Epidurogram

The fluoroscope is positioned with the perfectly alligned inferior endplate of the
level to be treated in order to open the superior aspect of the intervertebral space
(Fig. 2.7). An epidural needle is positioned high to target intervertebral space close
to midline and ipsilateral to the treatment side. Epidural space is accessed using loss
of resistance technique and fluoroscopic guidance. Proper needle placement is
assured by injecting and then confirming epidural spread of a small amount of non-
ionized contrast in the contralateral oblique fluoroscopic view. Intravenous (IV)
extension tubing should be used for contrast injection.

2.6.4 Determine the Trajectory

Identify the skin entry site, usually one and one half levels below, or at the level of
the pedicle one level down the treatment site on the ipsilateral side, and usually
about 15° off of the midline. By using a 5” 22G spinal needle, first infiltrate skin
with local anesthetic and advance the needle under fluoroscopic guidance while
anesthetizing inferior lamina.

Use an AP fluoroscopic view to direct the needle to determine the medial to
lateral trajectory needed at this level on this side. Once the trajectory of the nee-
dle is determined, the fluoroscopic view is changed to the contralateral oblique
view to advance the lamina to visualize the portal depth. Do not advance the
instrument unless utilizing direct visualization in the contralateral oblique view.
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Fig. 2.6 Patient in prone position with contralateral fluoroscopic view. (Courtesy of Vertos
Medical Inc.)

T &

Fig. 2.7 This epidurogram line in contralateral fluoroscopic view. (Courtesy of Vertos Medical
Inc.)



	Dedication
	Preface
	Contents
	Section Editors
	Contributors
	Part I
	Chapter 1: Advanced Spinal Mapping: An Interventional Continuum for Axial, Radicular, and Dorsal Root Ganglion–Related Pain
	1.1 Indications
	1.2 Relevant Anatomy
	1.3 Contraindications
	1.4 Preoperative Considerations
	1.5 Fluoroscopic Views
	1.6 Positioning of the Patient
	1.7 Equipment
	1.8 Technique
	1.9 Middle Column/Anterior Column: Posterior Epidural Space
	1.10 Anterior Epidural Space
	1.11 Post-procedure Considerations
	1.12 Potential Complications
	1.13 Clinical Pearls and Pitfalls
	References
	Suggested Reading


	Chapter 2: MILD: Percutaneous Lumbar Decompression for Spinal Stenosis
	2.1 Introduction
	2.2 Causes of Symptomatic LSS
	2.3 Surgical Treatment of Central LSS
	2.3.1 Epidurogram
	2.3.2 Fluoroscopic Guidance

	2.4 Patient Selection for the MILD Procedure
	2.4.1 Inclusion Criteria
	2.4.2 Exclusion Criteria

	2.5 MILD Procedure Equipments (Fig. 2.5)
	2.6 Technical Steps of the MILD Procedure
	2.6.1 Patient Position
	2.6.2 Fluoroscopy
	2.6.3 Epidurogram
	2.6.4 Determine the Trajectory
	2.6.5 Insertion of Assembled Trocar-Portal Unit
	2.6.6 Depth Guide Insertion
	2.6.7 Removal of Chips of Lamina
	2.6.8 Debulking of Ligamentum Flavum
	2.6.9 Post-debulking Epidurogram

	2.7 Potential Complications
	2.8 Clinical Pearls
	Suggested Reading

	Chapter 3: Superion: An Indirect Lumbar Decompression
	3.1 Introduction
	3.2 Indications
	3.3 Relative Contraindications
	3.4 Risks and Complications
	3.5 The Superion Implants
	3.6 Surgical Procedural Steps
	3.6.1 Patient Positioning
	3.6.2 Placement of Incision
	3.6.3 Insertion of Sequential Dilators 1 and 2
	3.6.4 Insertion of Cannula
	3.6.5 Placement of Interspinous Gauge
	3.6.6 Measuring Appropriate Size of the Implant
	3.6.7 Loading of Properly Sized Implant
	3.6.8 Deployment of the Implant
	3.6.9 Confirmation of Final Position of Implant

	3.7 Clinical Pearls Superion
	3.8 Evidence for Superion Therapy: Investigational Device Exemption (IDE) Pivotal Trial
	References

	Chapter 4: Minimally Invasive Discectomy: Transforaminal Approach
	4.1 Introduction
	4.2 Patient Positioning and Setup
	4.2.1 Anatomic Considerations

	4.3 Transforaminal “Inside-Out” Approach
	4.4 Transforaminal “Outside-In” Approach
	4.5 Conclusions
	References

	Chapter 5: Minimally Invasive Percutaneous Endoscopic Discectomy: Transdiscal Approach
	5.1 Spinal Anatomy
	5.2 Patient Selection
	5.3 Contraindications
	5.4 Preoperative Planning and Patient Education
	5.5 The Transdiscal Approach
	5.6 Discography
	5.7 Uniportal Percutaneous Endoscopic Discectomy Technique
	5.8 Annulus Modulation
	5.9 Postoperative Care and Rehabilitation
	5.10 Discussion
	References

	Chapter 6: Minimally Invasive Facet Fusion
	6.1 Basic Concerns
	6.2 Indications for Facet Fusion
	6.3 Contraindications
	6.4 Minimally Invasive Techniques
	6.4.1 TruFUSE® Technique
	6.4.2 Zyfix™ Technique

	6.5 Potential Complications and Pitfalls
	References

	Chapter 7: Vertebral Augmentation: Vertebroplasty and Kyphoplasty
	7.1 The Procedures
	7.2 Indications
	7.3 Contraindications
	7.4 Preprocedural Workup
	7.4.1 History and Physical Examination
	7.4.2 Investigations

	7.5 Technique
	7.5.1 Procedure Preparation
	7.5.2 Needle Placement
	7.5.3 Vertebroplasty
	7.5.4 Kyphoplasty

	7.6 Complications
	7.7 Tips to Minimize Risk of Complications
	7.8 Post-procedure Management
	7.9 Conclusion
	References


	Part II
	Chapter 8: Neuromodulation: Mechanisms of Action
	8.1 Introduction
	8.2 Spinal Cord Stimulation
	8.3 High-Frequency Stimulation
	8.4 Burst Waveform Stimulation
	8.5 Dorsal Root Ganglion Stimulation
	8.6 Peripheral Nerve Stimulation
	8.7 Peripheral Nerve Field Stimulation
	8.8 Outlook for the Future
	References

	Chapter 9: Anatomy of Neuromodulatory Targets: Central Nervous System and the Periphery
	9.1 Central Nervous System (CNS)
	9.1.1 Spine Anatomy
	9.1.2 Dorsal Column Anatomy
	9.1.3 Mechanisms of Neuromodulation

	9.2 Neuromodulatory Targets
	9.2.1 Spinal Cord Stimulation
	9.2.2 Pain in the Chest: Neuromodulation for Refractory Angina
	9.2.3 Pain in the Head: Neuromodulation for Headache Disorders
	9.2.3.1 Central Stimulation
	9.2.3.2 Peripheral Stimulation

	9.2.4 Pain in the Limbs: Complex Regional Pain Syndrome, Peripheral Neuropathy, and Peripheral Vascular Disease

	References

	Chapter 10: Neuromodulation: Optimizing Surgical Outcomes and Risk Reduction
	10.1 Physician Training
	10.2 Patient Selection
	10.3 Patient Education
	10.4 Understanding Complications
	10.4.1 Hardware Complications
	10.4.2 Biological Complications
	10.4.2.1 Surgical Site Infection (SSI)
	10.4.2.2 Hematoma Formation
	10.4.2.3 Dural Puncture or Neurologic Injury
	10.4.2.4 Skin Erosion
	10.4.2.5 Seroma Formation
	10.4.2.6 Pain over the Implant Site


	10.5 Perioperative and Postoperative Care
	10.6 Conclusions
	References

	Chapter 11: Extracranial Peripheral Nerve and Peripheral Nerve Field Stimulation for Headache: Trialing
	11.1 Introduction
	11.2 Pre-trial Preparation
	11.3 Trial Lead Implantation
	11.3.1 Supraorbital and/or Infraorbital Nerve Stimulation Trial
	11.3.2 Greater Occipital Nerve Stimulation Trial

	11.4 Post-implant Techniques and Complications
	11.5 Clinical Pearls
	References

	Chapter 12: Extracranial Peripheral Nerve Field and Peripheral Nerve Stimulation for Headache: Permanent Implant
	12.1 Introduction
	12.2 Pre-implant Preparation and Considerations
	12.3 Placement of the Permanent Implant
	12.4 Clinical Pearls
	12.5 Post-implant Considerations
	References

	Chapter 13: Intracranial Neuromodulation: Deep Brain Stimulation for Pain
	13.1 Indications
	13.2 Targets
	13.3 Surgical Technique and Complications
	13.4 Conclusions
	References

	Chapter 14: Spinal Cord Stimulation, Cervical: Trialing
	14.1 Introduction
	14.2 Indications
	14.3 Relevant Anatomy
	14.4 Concerns and Contraindications
	14.5 Preoperative Considerations
	14.5.1 Equipment
	14.5.2 Medications

	14.6 Technique
	14.6.1 Positioning
	14.6.2 Procedure
	14.6.3 Post-procedure

	14.7 Post-procedure Follow-Up
	14.8 Clinical Pearls and Tips
	14.9 Potential Complications and Pitfalls
	References

	Chapter 15: Spinal Cord Stimulation: Thoracic and Lumbar—Trial
	15.1 Introduction
	15.2 Patient Selection
	15.2.1 Selected Indications
	15.2.2 Trial Preparation

	15.3 Techniques
	15.3.1 SCS Trial Assessment

	15.4 Troubleshooting
	References

	Chapter 16: Spinal Cord Stimulation—Hybrid Lead Array: Epidural and Peripheral Nerve Field Stimulation Trial
	16.1 Introduction
	16.2 Pre-trial Preparation
	16.3 Trial Procedure for an SCS Lead in the Lumbar Spine
	16.3.1 SCS Trial Assessment

	16.4 Trial Technique for Peripheral Nerve Field Stimulation (PNFS)
	16.5 The Role of Hybrid Trials of SCS and PNFS
	References

	Chapter 17: Hybrid Neuromodulation
	17.1 What Is Hybrid Neuromodulation?
	17.2 Indications and Case Presentations
	17.2.1 Facial Pain
	17.2.2 Axial Pain: Syndromes
	17.2.3 Axial Pain: Methodology
	17.2.4 Abdominal Pain: Methodology

	17.3 Implementation and Patient Selection
	17.4 Conclusion
	References

	Chapter 18: Permanent Percutaneous Spinal Cord Stimulator Implantation: Cervical/Lumbar
	18.1 Relevant Anatomy
	18.2 Indications
	18.3 Contraindications [7, 8]
	18.3.1 Anatomic
	18.3.2 Medical
	18.3.3 Psychosocial

	18.4 Preoperative Considerations
	18.4.1 Anatomic
	18.4.2 Medical
	18.4.3 Psychological

	18.5 Fluoroscopic Views
	18.6 Positioning of the Patient
	18.7 Equipment
	18.8 Operative Technique: Lumbar Percutaneous Lead Placement
	18.9 Operative Technique: Cervical Percutaneous Lead Placement
	18.10 Incision and Implanting: Lumbar and Cervical
	18.10.1 Tunneling
	18.10.2 Implantable Pulse Generator Placement

	18.11 Post-procedure Considerations
	18.12 Potential Complications and Pitfalls
	18.12.1 Technical Complications [16]
	18.12.2 Biologic Complications
	18.12.3 Intraoperative Complications

	18.13 Clinical Pearls
	References
	Suggested Reading


	Chapter 19: Spinal Cord Stimulation for Chronic Abdominal Pain
	19.1 Introduction
	19.2 Mechanism of SCS Relief for Visceral Pain
	19.3 Evidence for SCS Relief of Chronic Visceral Pain
	19.4 The Role of SCS in Chronic Visceral Pain
	19.4.1 Contraindications and Precautions
	19.4.2 Management of Anticoagulation
	19.4.3 Infection Prophylaxis
	19.4.4 Trial Duration and Measurements of Success

	19.5 Technical Considerations for a Trial of SCS for Visceral Pain
	19.5.1 Positioning
	19.5.2 Anesthesia
	19.5.3 Lead Placement
	19.5.4 Lead Securing

	19.6 Technical Considerations for Permanent SCS Implantation for Visceral Pain
	19.6.1 Positioning and Anesthesia
	19.6.2 Paraspinal and IPG Site Incisions
	19.6.3 Lead Securing
	19.6.4 Tunneling of Leads
	19.6.5 Closing
	19.6.6 Postoperative Instructions

	19.7 Complications of SCS for Visceral Pain
	References

	Chapter 20: Spinal Cord Stimulation: Pelvic Pain
	20.1 Introduction
	20.2 Indications
	20.3 Relevant Anatomy
	20.4 Basic Concerns and Contraindications
	20.5 Preoperative Considerations
	20.5.1 Equipment and Kits
	20.5.2 Medications

	20.6 Technique
	20.6.1 Our Preferred Technique: Mid-Thoracic or Conus Stimulation

	20.7 Post-procedure Considerations
	20.8 Potential Complications and Pitfalls
	20.9 Clinical Pearls
	References
	Suggested Reading


	Chapter 21: Truncal Stimulation Trial and Implant
	21.1 Mechanism of Action
	21.2 Patient Selection
	21.3 PNfS Technical Considerations
	21.4 PNfS Programming
	References

	Chapter 22: Peripheral Nerve Stimulation for the Painful Extremity
	22.1 Mechanism of Action
	22.2 Patient Selection
	22.3 Selection of Neuromodulation System
	22.4 Neuromodulation Trial
	22.5 Permanent PNS/PNfS Implantation
	References

	Chapter 23: Advanced Neuromodulation Techniques: Dorsal Root Ganglion Stimulation
	23.1 The Rationale for DRG Stimulation: Anatomy and Physiology
	23.2 Indications and Patient Selection
	23.3 Device and Equipment Description
	23.3.1 Surgical Tools
	23.3.2 Curved Delivery Sheath and Curved Stylet
	23.3.3 Leads
	23.3.4 External Power Generator
	23.3.5 Internal Power Generator
	23.3.5.1 Pearls of Clinical Experience: Powering the DRG Stimulation System

	23.3.6 Clinical Programmer
	23.3.7 Patient Programmer

	23.4 Implantation Technique
	23.4.1 History, Examination, and Comorbidities
	23.4.1.1 Pearls of Clinical Experience: Pre-implant Examinations

	23.4.2 Identifying the Appropriate DRG Level(s)
	23.4.3 Procedure Preparation
	23.4.4 Inserting the Epidural Needle
	23.4.4.1 Pearls of Clinical Experience: Needle Angle

	23.4.5 Steering the Leads to the DRG
	23.4.5.1 Pearls of Clinical Experience: Proper Lead Placement

	23.4.6 Placing the IPG
	23.4.6.1 Pearls of Clinical Experience: Determining the Location for the IPG

	23.4.7 Wound Care
	23.4.8 Potential Complications

	23.5 Conclusions
	References

	Chapter 24: High-Frequency Stimulation
	24.1 Introduction
	24.2 Materials and Methods
	24.3 Evidence
	24.4 Indications
	24.5 Trial Procedure
	24.5.1 HF10 Therapy Pre-trial Considerations
	24.5.2 Patient Positioning
	24.5.3 Sedation
	24.5.4 Identification of Landmarks
	24.5.5 Needle Entry
	24.5.6 Lead Placement
	24.5.7 Placement of the Second Needle and Lead
	24.5.8 Finalizing Placement
	24.5.9 Programming the System
	24.5.10 Lead Anchoring
	24.5.11 Application of Dressing

	24.6 Permanent Procedure
	24.6.1 IPG Pocket Placement
	24.6.2 Patient Positioning
	24.6.3 Sedation
	24.6.4 Landmark Identification
	24.6.5 Lead Pocket Formation
	24.6.6 Needle Entry
	24.6.7 Lead Placement
	24.6.8 Lead Anchoring
	24.6.9 IPG Implantation
	24.6.10 Tunneling of the Leads
	24.6.11 Connecting the IPG and Leads
	24.6.12 IPG Placement
	24.6.13 Closure

	24.7 Programming
	24.8 Recharging the Device
	24.9 Conclusion
	References

	Chapter 25: Burst Stimulation: An Innovative Waveform Strategy for Spinal Cord Stimulation
	25.1 Introduction
	25.2 Technical Overview
	25.3 Risk Assessment
	25.4 Risk Avoidance
	25.5 Conclusion and Future Directions
	Reference
	Suggested Reading


	Chapter 26: Novel Waveforms
	26.1 Introduction
	26.2 Commonly Hypothesized Mechanisms
	26.2.1 Burst Stimulation
	26.2.2 Burst Stimulation Physiology and Justification for Use

	26.3 High-Frequency Stimulation
	26.3.1 HF-10 Mode of Action
	26.3.2 HF-10 Studies

	26.4 High-Energy/High-Density Stimulation
	26.5 Alternative Stimulation Methods/Parameters in Spinal Cord Stimulation
	26.6 Future Directions for Investigation
	26.7 Summary
	References
	Suggested Reading


	Chapter 27: Transcutaneous Vagus Nerve Stimulation: Novel Treatment Strategies
	27.1 Introduction
	27.2 Technical Overview
	27.3 Transcutaneous Vagus Nerve Stimulation
	27.4 Transauricular Vagus Nerve Stimulation
	27.5 Conclusion and Future Directions
	Suggested Reading

	Chapter 28: Sacral Stimulation for Pelvic Pain
	28.1 Introduction
	28.2 Indications
	28.3 Relevant Anatomy
	28.4 Basic Concerns and Contraindications
	28.5 Preoperative Considerations
	28.6 Fluoroscopic Views
	28.7 Equipment
	28.8 Technique
	28.8.1 Anterograde Trans-Hiatus Technique

	28.9 Potential Complications and Post-procedure Follow-Up
	28.10 Clinical Pearls
	References
	Suggested Reading


	Chapter 29: Intrathecal Drug Delivery: Pharmacokinetics and Dynamics
	29.1 Introduction
	29.2 Cerebrospinal Fluid Dynamics
	29.3 Opioids
	29.4 Local Anesthetics
	29.5 Choosing Intrathecal Analgesics
	References

	Chapter 30: Patient Selection for Drug Delivery System Implantation
	30.1 Introduction
	30.2 Overview of the Evaluation and Assessment
	30.3 Type of Pain
	30.4 Psychological Considerations
	30.5 Medical Comorbidities
	30.6 Economic and Social Factors
	30.7 Summary
	References

	Chapter 31: Intrathecal Drug Delivery: Medication Selection
	31.1 Introduction
	31.2 Patient Characteristics
	31.3 Opioids
	31.3.1 Morphine, Hydromorphone, Fentanyl, Sufentanil
	31.3.2 Adverse Effects of Opioids

	31.4 Local Anesthetics
	31.4.1 Adverse Effects of Local Anesthetics

	31.5 Ziconotide
	31.5.1 Adverse Effects of Ziconotide

	31.6 Clonidine
	31.7 Polyanalgesic Consensus Conference Guidelines
	31.8 Baclofen for Treatment of Spasticity
	31.9 Conclusions
	References

	Chapter 32: Intrathecal Drug Delivery: Trialing
	32.1 Introduction
	32.2 Background and Historical Perspective
	32.3 Indications
	32.4 Patient Selection
	32.5 Trial Success
	32.6 Function
	32.7 Trialing Method
	32.8 Combination Therapy
	32.9 Oral Opioids During Trialing
	32.10 Conclusion
	References

	Chapter 33: Intrathecal Drug Delivery: Implantation
	33.1 Pre-op Considerations
	33.2 Antibiotics
	33.3 Positioning, Prepping, and Draping
	33.4 Catheter Placement
	33.5 Anchoring
	33.6 Pocket Formation
	33.7 Tunneling
	33.8 Wound Closure
	33.9 Potential Problems During IT Implantation
	33.10 Conclusions
	References

	Chapter 34: Intrathecal Drug Delivery Maintenance: Refill and Programming
	34.1 Introduction
	34.2 Refill
	34.3 Programming
	34.4 Complications
	References

	Chapter 35: Intrathecal Drug Delivery Maintenance: Catheter Evaluation
	35.1 Introduction
	35.2 Clinical Evaluation and Testing
	35.3 Catheter Dye Study
	35.4 Catheter Tip Granuloma
	35.5 Nuclear Medicine Scintigraphy
	35.6 Conclusions
	References

	Chapter 36: Intrathecal Drug Delivery: Innovation
	36.1 A History of Intrathecal Pain Treatment
	36.2 Current State of the Technology
	36.3 Innovation
	36.4 Resiniferatoxin
	36.5 AYX1
	36.6 Conopeptides
	36.7 Hybrid Therapy
	36.8 Conclusion
	References


	Part III
	Chapter 37: History of Regenerative Medicine
	37.1 Prolotherapy
	37.2 Platelet-Rich Plasma
	37.2.1 Definition and Classification
	37.2.2 Derivation
	37.2.3 History
	37.2.4 Research and Uses

	37.3 Stem Cells
	37.3.1 Highlights of the First Stem Cell Uses
	37.3.2 Discovery of Different Types of Stem Cells
	37.3.3 Current Uses and Research of Stem Cell Therapies
	37.3.3.1 Osteoarthritis
	37.3.3.2 Tendinopathy

	37.3.4 Summary
	37.3.5 History of Stem Cell Laws

	37.4 Conclusion
	References

	Chapter 38: Platelet-Rich Plasma
	38.1 Introduction
	38.2 Indications
	38.3 Microanatomy and Biochemistry
	38.4 Basic Concerns and Contraindications
	38.5 Preoperative Considerations
	38.6 Radiographic Guidance
	38.7 Equipment
	38.8 Technique
	38.8.1 Landesberg Protocol [24, 25]
	38.8.2 Commercially Available Kits

	38.9 Post-procedure Considerations
	38.10 Potential Complications and Pitfalls
	38.11 Clinical Pearls
	38.12 Authors’ Note
	References

	Chapter 39: Alpha-2-Macroglobulin: Protease Inhibitor Treatment (PRP Variant)
	39.1 Potential Indications
	39.2 Microanatomy and Biochemistry
	39.3 Basic Concerns and Contraindications
	39.4 Preoperative Considerations
	39.5 Equipment
	39.6 Post-procedure Considerations
	39.7 Potential Complications and Pitfalls
	39.8 Clinical Pearls
	References

	Chapter 40: Bone Marrow Derived Stem Cells and Their Application in Pain Medicine
	40.1 Indications
	40.1.1 Osteonecrosis
	40.1.2 Knee Osteoarthritis
	40.1.3 Shoulder Rotator Cuff
	40.1.4 Hip Osteoarthritis
	40.1.5 Lumbar Intervertebral Disc (Degenerative Disc Disease)
	40.1.6 Ankle Disorders
	40.1.7 Epicondylitis
	40.1.8 Anterior Cruciate Ligament (ACL) Tears

	40.2 Microanatomy and Biochemistry
	40.2.1 Bone Marrow Concentrate Versus Adipose?

	40.3 Basic Concerns and Contraindications
	40.4 Preoperative Considerations
	40.5 Radiographic Guidance
	40.5.1 Ultrasound
	40.5.2 Fluoroscopy

	40.6 Equipment
	40.7 Technique
	40.7.1 Harvesting BMC
	40.7.2 Processing BMC
	40.7.3 Dosing BMC for Use

	40.8 Postoperative Considerations
	40.9 Potential Complications and Pitfalls
	40.10 Clinical Pearls
	References

	Chapter 41: Adipose-Derived Stromal Stem Cells
	41.1 Introduction
	41.2 Indications
	41.2.1 Musculoskeletal Conditions Treated with Adipose-­Derived MSCs
	41.2.2 Chronic Conditions Treated with Adipose-Derived MSCs

	41.3 Microanatomy and Biochemistry
	41.4 Basic Concerns and Contraindications
	41.5 Preoperative Considerations
	41.6 Equipment
	41.7 Technique of Lipoaspiration
	41.7.1 Preparation of Tumescent Anesthetic Fluid
	41.7.2 Infiltration of Tumescent Anesthetic Fluid
	41.7.3 Collection of Lipoaspirate
	41.7.4 Post-procedure Care

	41.8 Adipose Processing
	41.9 Reintroduction of the Adipose Stem Cell Product
	41.10 Post-procedure Care and Potential Complications
	41.11 Clinical Pearls
	References
	Suggested Reading


	Chapter 42: Intradiscal Biologic Treatments: Allogeneic Stem Cells
	42.1 Indications
	42.2 Diagnosing Discogenic Low Back Pain
	42.2.1 MRI
	42.2.2 Provocation Discography

	42.3 Microanatomy and Biochemistry
	42.3.1 Growth Factors
	42.3.2 Tissue Scaffolding
	42.3.3 Cellular Supplementation

	42.4 Basic Concerns and Contraindications
	42.4.1 Procedure-Based Concerns
	42.4.2 Histology-Based Concerns
	42.4.3 Contraindications

	42.5 Preoperative Considerations
	42.6 Radiographic Guidance
	42.7 Equipment
	42.8 Technique
	42.9 Post-procedure Considerations
	42.10 Potential Complications and Pitfalls
	42.11 Clinical Pearls
	References

	Chapter 43: Intradiscal Biologic Treatments: Intra-annular Fibrin Disc Sealant
	43.1 Indications
	43.2 Microanatomy and Biochemistry
	43.2.1 Progression of Discogenic Pain from Degeneration

	43.3 Basic Concerns and Contraindications
	43.4 Preoperative Considerations
	43.5 Radiographic Guidance
	43.5.1 Annulogram
	43.5.2 Discography

	43.6 Equipment
	43.7 Technique
	43.8 Post-procedure Considerations
	43.9 Potential Complications and Pitfalls
	43.10 Clinical Pearls
	References

	Chapter 44: Amniotic Tissue
	44.1 Introduction
	44.2 Potential Indications
	44.3 Microanatomy and Biochemistry
	44.4 Basic Concerns and Contraindications
	44.5 Preoperative Considerations
	44.6 Radiographic Guidance
	44.6.1 Ultrasound
	44.6.2 Fluoroscopy

	44.7 Clinical Pearls
	References

	Chapter 45: Platelet-Rich Plasma (PRP): Procedural Techniques for Musculoskeletal Injuries
	45.1 Introduction
	45.1.1 Activation

	45.2 Indications
	45.3 Basic Concerns and Contraindications
	45.4 Preoperative Considerations
	45.4.1 Equipment Needed

	45.5 Technique
	45.5.1 Lateral Epicondyle
	45.5.2 Medial Epicondyle
	45.5.3 Rotator Cuff Tendons
	45.5.3.1 Anterior Rotator Cuff Interval Approach
	45.5.3.2 Posterior Shoulder Approach

	45.5.4 Medial Collateral Ligament
	45.5.5 Lateral Collateral Ligaments
	45.5.6 Labrum: Shoulder
	45.5.7 Labrum: Hip

	45.6 Post-procedure Considerations
	45.7 Potential Complications and Pitfalls
	45.8 Clinical Pearls
	References

	Chapter 46: Technical Aspects of Regenerative Injection Therapy
	46.1 Patient Selection
	46.2 Concerns, Contraindications and Precautions
	46.3 Choosing Between Various Therapies
	46.3.1 Platelet-Rich Plasma and Variants
	46.3.1.1 Advantages
	46.3.1.2 Disadvantages

	46.3.2 Autologous Stem Cells
	46.3.2.1 Bone Marrow-Derived MSCs
	Advantages
	Disadvantages

	46.3.2.2 Adipose-Derived MSCs
	Advantages
	Disadvantages


	46.3.3 Allogeneic Stem Cells
	46.3.3.1 Advantages
	46.3.3.2 Disadvantages

	46.3.4 Amniotics
	46.3.4.1 Advantages
	46.3.4.2 Disadvantages

	46.3.5 Fibrin Sealant
	46.3.5.1 Advantages
	46.3.5.2 Disadvantages


	46.4 Special Consent
	46.5 Choosing Regenerative Therapies Over Approved and Nonexperimental Therapies
	46.6 Complications
	46.7 Follow-Up and Post-procedure Considerations
	46.8 Clinical Pearls
	References

	Chapter 47: Platelet-Rich Plasma Therapy: An Overview
	47.1 Introduction
	47.1.1 Growth Factors

	47.2 Applications
	47.2.1 Indications

	47.3 PRP Preparation
	47.3.1 The Buffy Coat
	47.3.2 Activation

	47.4 PRP Harvesting Technique
	47.5 Basic Concerns
	47.5.1 Basic Concerns and Contraindications for PRP

	47.6 Preoperative Considerations
	47.6.1 Equipment Needed

	47.7 Post-procedure Considerations
	47.7.1 Potential Complications and Adverse Effects

	47.8 Clinical Pearls
	References


	Index

