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For much of the past decade, fluoroscopy held sway as the favorite imaging tool of many 
practitioners performing interventional pain procedures. Quite recently, ultrasound has 
emerged as a “challenger” to this well-established modality. The growing popularity of ultra-
sound application in regional anesthesia and pain medicine reflects a shift in contemporary 
views about imaging for nerve localization and target-specific injections. For regional anesthe-
sia, ultrasound has already made a marked impact by transforming antiquated clinical practice 
into a modern science. No bedside tool ever before has allowed practitioners to visualize nee-
dle advancement in real time and observe local anesthetic spread around nerve structures. For 
interventional pain procedures, I believe this radiation-free, point-of-care technology will also 
find its unique role and utility in pain medicine and can complement some of the imaging 
demands not met by fluoroscopy, computed tomography, and magnetic resonance imaging. 
And over time, practitioners will discover new benefits of this technology, especially for 
dynamic assessment of musculoskeletal pain conditions and improving accuracy of needle 
injection for small nerves, soft tissue, tendons, and joints.

Ultrasound application for pain medicine is an evolving subspecialty area. Most conven-
tional pain interventionists skilled in fluoroscopy will find it necessary to undertake some 
special learning and training to acquire a new set of cognitive and technical skills before they 
can optimally integrate ultrasound into their clinical practices. Although continuing medical 
educational events help facilitate the learning process and skill development, they are often 
limited in breadth, depth, and training duration. This is why the arrival of this comprehensive 
text, Atlas of Ultrasound-Guided Procedures in Interventional Pain Management, is so timely 
and welcome. To my knowledge, this is the first illustrative atlas of its kind that addresses the 
educational void for ultrasound-guided pain interventions.

Preparation of this atlas, containing 6 parts and 30 chapters and involving more than 30 
authors, is indeed a huge undertaking. The broad range of ultrasound topics selected in this 
book provides a good, solid educational foundation and curriculum for pain practitioners both 
in practice and in training. Included is the current state of knowledge relating to the basic prin-
ciples of ultrasound imaging and knobology, regional anatomy specific to interventional pro-
cedures, ultrasound scanning and image interpretation, and the technical considerations for 
needle insertion and injection. The ultrasound-guided techniques are described step-by-step in 
an easy-to-follow, “how to do it” manner for both acute and chronic pain interventions. The 
major topics include somatic and sympathetic neural blockade in the head and neck, limbs, 
spine, abdomen, and pelvis. Using a large library of black-and-white images and colored illus-
trative artwork, the authors elegantly impart scientific knowledge through the display of ana-
tomic cadaveric dissections, sonoanatomy correlates, and schematic diagrams showing 
essential techniques for needle insertion and injection. The information in the last two chapters 
of this book is especially enlightening and unique and is not commonly found in other standard 
pain textbooks. One chapter describes how ultrasound can be applied as an extension of physi-
cal examination to aid pain physicians in the diagnosis of musculoskeletal pain conditions. 
With ultrasound as a screening tool, pain physicians now have new opportunities to become 
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both a diagnostician and an interventionist. The last chapter discussing advanced ultrasound 
techniques for cervicogenic headache, stimulating lead placement, and cervical disk injection 
gives readers a glimpse of future exciting applications.

This book is a distinguished product carefully prepared by Dr. Samer Narouze, the editor, 
and his handpicked group of contributors from all over the world. The authors are all recog-
nized opinion leaders in anesthesiology, pain medicine, anatomy, and radiology. I believe this 
quick reference book containing useful practical information will become a standard resource 
for any practitioner who seeks to learn ultrasound-guided interventional pain procedures for 
relief of acute, chronic noncancer, and cancer pain. I am sure the readers will find this atlas 
comprehensive, inspiring, practical, and easy to follow.

Vincent W. S. Chan, 
Department of Anesthesia, University of Toronto
Toronto, ON, Canada

Foreword
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Over the past decade, ultrasonography provided to be a valuable imaging modality in 
interventional pain practice. The interest in ultrasonography in pain medicine (USPM) has 
been fast growing, as evidenced by the plethora of published papers in peer-reviewed journals 
as well as presentations at major national and international meetings. This has prompted the 
creation of a special interest group on USPM within the American Society of Regional 
Anesthesiology and Pain Medicine, of which I am honored to be the chair.

The major advantages of ultrasonography (US) over fluoroscopy include the absence of 
radiation exposure for both patient and operator, and the real-time visualization of soft tissue 
structures, such as nerves, muscles, tendons, and vessels. The latter is why US guidance of soft 
tissue and joint injections brings great precision to the procedure and why ultrasound-guided 
pain nerve blocks improve its safety. That said, USPM is not without flaws. Its major short-
comings are the limited resolution at deep levels, especially in obese patients, and the artifacts 
created by bone structures.

While the evidence points to the superiority of US over fluoroscopy in peripheral nerves, 
soft tissue, and joint injections, it also suggests that we should not abandon fluoroscopy in 
favor of US in spine injections and should instead consider combining both imaging modalities 
to further enhance the goal of a successful and safer spine injection.

When I first started using US in pain blocks in 2005, there was no single text on the subject, 
and that remains true up until the first edition of this atlas in 2011. Most of my knowledge on 
the subject was gained from traveling overseas to learn from expert sonographers, radiologists, 
and anatomists. The rest was worked out by trial and error using dissected cadavers and con-
firming appropriate needle placement with fluoroscopy or CT scan. When I started teaching 
courses on USPM, the overwhelmingly enthusiastic response from students persuaded me of 
the need for a comprehensive and easy-to-follow atlas of US-guided pain blocks. That is how 
the first edition of this book – the first to cover this exciting new field – was born.

Recent research evaluating ultrasonography in interventional pain procedures, the devel-
opment of new technique and applications, and the establishment of neurosonology neces-
sitates this version of the atlas with many updated and new chapters as well as a new section 
on diagnostic neurosonologyNot surprisingly, an extensive learning curve is associated with 
US-guided pain blocks and spine injections. The main objective of this atlas is to enable 
physicians managing acute and chronic pain syndromes who are beginning to use US-guided 
pain procedures to shorten their learning curve and to make their learning experience as enjoy-
able as possible. Among the target groups are pain physicians, anesthesiologists, physiatrists, 
rheumatologists, neurologists, orthopedists, sports medicine physicians, spine specialists, and 
interventional radiologists.

I was fortunate to gather almost all of the international experts in US-guided pain blocks to 
contribute to this second edition of the book, each one writing about his or her area of subspe-
cialty expertise, and for this reason, I am very proud of the book. Its central focus is on anat-
omy and sonoanatomy. The clinical section begins with a chapter devoted to anatomy and 
sonoanatomy of the spine written by my dear friend, Professor Dr. Moriggl, who is a world-
class anatomist from Innsbruck, Austria, with special expertise in sonoanatomy. He is the only 
one who could have written such a chapter. Each clinical chapter follows this format: description 
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of sonoanatomy accompanied by illustrations; detailed description of how to perform the 
procedure, beginning with the choice and application of the transducer, to how the needle is 
introduced, and finally, to how to confirm appropriate needle placement. This stepwise descrip-
tion of the technique is enhanced by sonograms both without labels and – to better understand 
the images – with labels.

The book comprises 34 chapters, organized into 7 parts, covering US-guided pain blocks in 
the acute perioperative and chronic pain clinic settings, US-guided MSK applications, as well 
as diagnostic neurosonology.

Part I reviews the imaging modalities available to perform pain procedures and the basics 
of ultrasound imaging. Two important clinical chapters cover the essential knobology of the 
ultrasound machine and how to improve needle visibility under US.

Part II is the largest and covers the sonoanatomy of the entire spine and spine injection 
techniques in the cervical, thoracic, lumbar, and sacral areas. All the different applications are 
well documented with simple illustrations and labeled sonograms to make it easy to follow 
the text.

Part III focuses on abdominal and pelvic blocks. It covers the now-famous transversus 
abdominis plane (TAP) block, celiac plexus block, and various pelvic and perineal blocks.

Part IV addresses peripheral nerve blocks and catheters in the acute perioperative period as 
well as peripheral applications in chronic pain medicine. Ultrasound-guided stellate and cervi-
cal sympathetic ganglion blocks are presented, as are peripheral nerve blocks commonly per-
formed in chronic pain patients (e.g., intercostals, suprascapular, ilioinguinal, iliohypogastric, 
and pudendal). There is a new chapter on ultrasound-guided occipital nerve block.

Part V discusses the most common joint and bursa injections and MSK applications in pain 
practice. The chapters are written by world experts in the area of MSK ultrasound.Part VI is a 
new section on diagnostic neurosonology. This section discusses the new application of ultra-
sound as a diagnostic tool in the diagnosis of different peripheral nerve entrapment syndromes. 
There is also a chapter devoted to occipital nerve entrapment.Part VII covers advanced and 
new applications of ultrasound in neuromodulation and pain medicine and looks ahead to its 
future. Ultrasound-guided peripheral nerve stimulation, occipital stimulation, and groin stimu-
lation are presented as innovative applications of US in the cervical spine area, namely, atlanto-
axial joint injection and cervical discography. Given the multitude of vessels and other vital 
soft tissue structures compacted in a limited area, ultrasonography seems particularly relevant 
in the cervical area.

A couple of notes about the book: the text has been kept to a minimum to allow for a 
maximal number of instructive illustrations and sonograms, and the procedures described here 
are based on a review of the techniques described in the literature as well as the authors’ 
experience.

The advancement of ultrasound technology and the range of possible clinical circumstances 
may give rise to other, more appropriate approaches in USPM. Until then, mastering the cur-
rent approaches will take preparation, practice, and appropriate mentoring before the physician 
can comfortably perform the procedures independently. It is my hope that this book will 
encourage and stimulate all physicians interested in interventional pain management.

Akron, OH, USA� Samer N. Narouze 
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Imaging in Interventional Pain 
Management

Marc A. Huntoon

�Introduction

Interventional pain procedures are commonly performed either 
with image-guidance fluoroscopy, computed tomography (CT), 
or ultrasound (US) or without image guidance utilizing surface 
landmarks. Recently, three-dimensional rotational angiography 
(3D-RA) suites also known as flat detector computed tomogra-
phy (FDCT) or cone beam CT (CBCT) and digital subtraction 
angiography (DSA) have been introduced as imaging adjuncts. 
These systems are indicative of a trend toward increased use of 
specialized visualization techniques. Pain medicine practice 
guidelines suggest that most procedures require image guidance 
to improve the accuracy, reproducibility (precision), safety, and 
diagnostic information derived from the procedure [1]. 
Historically, pain medicine practitioners were slow adopters of 
image-guidance techniques, largely because the most common 
parent specialty (anesthesiology) had a culture of using surface 
landmarks to aid the perioperative performance of various nerve 
blocks and vascular line placements [2]. Indeed, some pain 
medicine practitioners in the 1980s and early 1990s felt that 
studies advocating the inaccuracy of epidural steroid injections 
performed with surface landmarks [3] were published more for 
specialty access than to increase patient safety or improve 
outcomes.

Ultrasound has recently exploded in popularity for peri-
operative regional blockade, but utilization of other imaging 
modalities in the perioperative arena, e.g., fluoroscopy, has 
lagged behind, despite more accurate placements compared 
to surface landmark-driven placements [2]. Technology 
acquisition costs and the physician learning required to mas-
ter the new technologies are significant barriers to full imple-
mentation of many advanced imaging systems. However, the 

increasing national focus on safety in clinical medicine may 
ultimately mandate the use of optimal image guidance for 
selected procedures. In most cases, studies are lacking to 
compare the various types of image guidance in terms of 
patient outcomes, safety, and cost value for specific proce-
dures. This is further complicated by the fact that many pro-
cedures in pain medicine have been considered poorly 
validated for the conditions being treated [4–6]. Thus, it may 
not matter if a particular image-guidance technique improves 
the reliability of a given procedure, if that procedure ulti-
mately loses favor due to poor evidence or lack of evidence. 
Whether high-technology imaging brings safety and/or cost 
savings to the performance of evidence-based pain proce-
dures is, thus, of paramount importance. The risks of the 
image guidance must also be considered as part of any imag-
ing technology that is felt to be necessary for routine use. For 
example, a risk/benefit ratio of CT scanning relative to an 
equally suitable alternative technique may force physicians 
to use the lesser technology in some cases. CT as a diagnos-
tic tool has come under greater scrutiny with the recent pub-
lication of several trials depicting the meteoric rise in the 
annual performance of CT scans (now over 72 million per 
year) and the large doses of radiation received by adults and 
particularly children [7]. Cancer risk from CT radiation has 
been modeled after longitudinal studies of cancer occur-
rences in atomic bomb survivors [8]. Now, it seems that the 
risk of cancer is something that should be more actively con-
sidered when CT is utilized. Radiation risks are not trivial 
and likely amount to about 14,000 or more future cancer 
deaths as a consequence of year 2007 CT scans [7]. For those 
treating patients with chronic pain, one needs to merely con-
sider how many patients with an elusive diagnosis receive 
advanced imaging in efforts to find the cause of that pain. 
Thus, repeating imaging studies with a fairly low yield may 
actually be harming our patients. Ultrasound guidance, the 
focus of this atlas, has many advocates for these same radia-
tion safety issues [9]. The use of ultrasound, however, is lim-
ited in many obese or larger adults [10], and the cost of some 
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advanced systems capable of rendering deeper structures with 
high clarity can surpass the cost for fluoroscopes in some 
cases. The use of imaging modalities such as 3D-RA and 
DSA is being advocated by others. While a FDCT suite is 
extremely expensive, DSA is actually a relatively inexpensive 
add-on to a conventional fluoroscope that may have a sub-
stantial role in the safe performance of transforaminal epi-
dural steroid injections [11]. For example, when performing 
injections or other procedures in critical areas, such as the left 
T11 and T12, the territory of the great segmental medullary 
artery of Adamkiewicz, digital subtraction can demonstrate 
vascular uptake more clearly (Fig. 1.1). Chapter 2 focuses on 
the limited studies currently present in the literature, with 
suggestions for areas where one imaging modality may have 
certain advantages over another. Ultimately, further study will 
be necessary to ascertain the most safe, accurate, and cost-
effective practices for image-guided procedures.

�C-Arm FDCT

Most pain procedures require cross-sectional or 3D soft tis-
sue imaging to accurately target structures in a complex ana-
tomical landscape. Very few procedures are intended to 
target bony structures, with the exception of such procedures 
as vertebral and sacral augmentation, bone biopsies, and a 
few others. Yet, fluoroscopy remains the most popular imag-
ing method, for primarily soft tissue targets, despite its limi-

tations. Intradiscal procedures, vertebral augmentation, 
neuromodulation procedures, and deep abdominopelvic and 
head and neck blocks may be examples of some procedures 
where a limited CT scan capability (FDCT) would enhance 
the accuracy and safety of the procedure as compared to 
plain fluoroscopy. C-arm FDCT and C-arm CBCT utilize 
different gantries but are nearly synonymous terms for a 
modern 3D imaging system that can also integrate 2D data 
from fluoroscopy, sometimes US, and DSA in a single suite. 
Interventional radiologists and some pain physicians are 
using these advanced image-guidance systems to aid proce-
dural performance in certain cases, with an expanding list of 
potential indications. FDCT is accomplished via a single 
rotation of the fluoroscope gantry, rendering a complete vol-
umetric data set using a flat panel detector. These flat panel 
detectors have significantly better resolution than older 
image intensifiers. This is in contrast to conventional CT 
which uses multiple detectors and requires several rotations 
of the gantry, with the patient being moved into the CT scan-
ner [12]. With FDCT, the patient is stationary through the 
imaging cycle. CT images do take approximately 5–20 s to 
be acquired; thus this is not a true real-time CT fluoroscopy 
procedure. Images from FDCT scanning have lower resolu-
tion due to scattered radiation, but in many cases the lower 
resolution images are more than adequate for the intended 
procedure. However, during the 200° gantry rotation of a 
FDCT system, experiments have shown that radiation doses 
are less than that for a single helical CT [12]. Carefully limit-
ing the field of scanning will decrease radiation dose to the 
patient and improve image contrast. CBCT units may have 
significant application for intraoperative minimally invasive 
surgical applications. Surgeons using CBCT for minimally 
invasive spine procedures tended to want to utilize the higher 
technology of the CBCT in their cases in an escalating fash-
ion with increasing exposure to the new technology [13].

Many creative interventionalists are adapting the FDCT 
capability to new procedures, such as diskography, without 
the need for a postprocedural standard CT (Figs.  1.2 and 
1.3). In diskography, it is usual and customary to perform 
contrast injections into the presumed diseased disk as well as 
a control disk. A postprocedural delayed CT image to better 
quantitate annular tears and contrast leak into the spinal 
canal is considered standard. CBCT technology may allow 
these CT images to be performed in the same suite, saving 
time and expense. This “single-suite” concept for specific 
blocks can also save on radiation exposure for both the 
patient and the physicians.

Deep plexus blocks such as celiac or superior hypogastric 
plexus blocks may benefit from the ability to better quanti-
tate the spread of injected contrast in multiple planes. 
Potentially, factors such as local tumor burden or lymphade-
nopathy that limit the spread of the contrast and neurolytic 
solution may be noted earlier with these advanced imaging 

Fig. 1.1  A digital subtraction image of a thoracic dorsal root ganglion 
contrast injection at T11 prior to pulsed radiofrequency. Note that the 
contrast spreads medial to the pedicle. Below, a second needle has been 
placed at the pedicle of T12 just inferior to the sagittal bisector
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techniques. For example, Goldschneider et  al. [14] per-
formed celiac plexus blocks in children utilizing 3D-RA to 
show the benefits of examining contrast spread in three 
dimensions. Similarly, superior hypogastric blocks 

(Fig. 1.4a–c) have added detail when a 3D image is rendered. 
In another recent report [15], Knight et al. performed verte-
broplasty in a patient with a retropulsed bone fragment in the 
spinal canal, normally at least a relative contraindication. 
The authors utilized FDCT technology to visualize these 
areas during injection of the polymethyl methacrylate cement 
and avoid spinal cord injury [15]. Neuromodulation, particu-
larly spinal cord stimulation, may be more easily targeted in 
some cases with FDCT technology. The anterior or lateral 
movement of the electrodes could more easily be seen, elimi-
nating the need for multiple repositionings of the electrode 
and needle in the epidural space. The utilization of FDCT/
CBCT/3D-RA technology to better treat patients seems to be 
limited only by one’s imagination.

�Ultrasound

Ultrasound has become extremely popular in acute pain 
block procedures, and chronic pain practitioners are slowly 
adopting ultrasound as both a diagnostic and image-guided 
block aid. Chronic pain procedures may include nerve blocks 
(such as the brachial or lumbar plexus) commonly performed 
in an acute perioperative nerve block suite but also may 
require image-guided injection of more distal branches of 
the plexus or at less common locations (proximal to sites of 
trauma or entrapment or neuroma formation). Blockade of 
various small sensory or mixed nerves, such as the ilioingui-
nal [16, 17], lateral femoral cutaneous [18], suprascapular 
[19], pudendal [20], intercostal [21], and various other sites, 
has been performed. In addition, many spinal procedures 
including epidurals, selective spinal nerve blocks [22, 23], 
facet joint, medial branch blocks, and third occipital nerve 
blocks [24, 25], as well as sympathetic blocks (stellate gan-
glion) [26] may be performed. Finally, a broad array of pos-
sible applications for peripheral neuromodulation electrode 
placement may be possible with ultrasound guidance [27] 
(see Chap. 26).

�Intra-Articular Injections

Intra-articular injections of medications (primarily cortico-
steroids) are extremely common procedures performed by 
physicians from primary care disciplines as well as special-
ists. While few would dispute that these procedures are easy 
to do and very accurate, whether image guidance can improve 
the outcome of intra-articular procedures was not specifi-
cally known. A recent study of intra-articular injections sug-
gests that these may be one area where the use of image 
guidance is useful [28]. The study of 148 painful joints 
(shoulder, knee, ankle, wrist, hip) compared the use of US 
guidance to a surface landmark-based injection. The authors 

Fig. 1.2  A sagittal CT view of a two-level diskogram. Note an annular 
tear at L5/S1 with epidural extravasation

Fig. 1.3  Compare similar FDCT/3D-RA sagittal diskogram in the 
same patient as above. The epidural extravasation is seen again
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Fig. 1.4  (a) AP view of fluoroscopic superior hypogastric plexus block, (b) lateral view of superior hypogastric plexus block, and (c) 3D-RA view 
of contrast in three dimensions
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found that the use of US led to a 43% decrease in procedural 
pain, a 25.6% increase in the rate of responders, and a 62% 
decrease in the nonresponder rate. Sonography also increased 
the rate of detection of effusion by 200% as compared to the 
use of surface landmarks. None would dispute that the use of 
image guidance would add to the cost of the actual proce-
dures. However, health-care economics studies would be 
required to ascertain whether the improved outcomes would 
lead to better health-care value viewed through a long-term 
perspective.

�Trigger Point and Muscular Injections

The performance of most deep muscular and trigger point 
injections has been relegated to a trivial office-based proce-
dure, generating little enthusiasm from the interventional 
pain community. Image guidance (fluoroscopy) for these 
soft tissue structures was not helpful, and many physicians 
considered the performance of the procedures to be “the art 
of medicine.” However, the addition of ultrasound may be 
changing the way one views these procedures. Certainly, it 
is easy to see how a target such as the piriformis muscle 
could be identified more accurately using US.  It is likely 
that fluoroscopic techniques may actually mistake the glu-
teal or quadratus femoris muscles on occasion. In addition, 
the anatomic variability and proximity of neurovascular 
structures, including the sciatic nerve, make visualization 
important. US also allow the use of a diagnostic exam (hip 
rotation) to aid in the proper identification of the muscle 
(Fig. 1.5). Studies to date suggest that the piriformis muscle 
is easily injected using this modality [29]. Other muscular 
targets such as trigger points have been targeted using US 
guidance [30]. Pneumothorax is an all too frequent compli-
cation of thoracic area trigger points. In the 2004 ASA 

Closed Claims Project, 59 pneumothorax claims were filed. 
Of this 59, fully half (23 intercostal blocks and 1 
costochondral injection) would likely have been preventable 
under US guidance. Additionally, 15 of the cases were trig-
ger point muscular injections which would likely be pre-
ventable as well. Together, at least 2/3 of the pneumothorax 
claims (and likely even more) could be prevented with bet-
ter imaging [31].

.Whether the use of US or another imaging technique is 
justified in all cases by the avoidance of complications may 
depend on a more accurate depiction of the true incidence of 
complications and better outcome data. Certainly, it may be 
true that positive responses could be more accurately repli-
cated in some cases.

�Zygapophyseal and Medial Branch Blocks

One of the better studies of ultrasound guidance in pain 
medicine evaluated third occipital nerve block procedures 
and peaked interest in US for many in the pain medicine 
community [24]. The third occipital nerve had been sug-
gested as a therapeutic target for conditions, including 
high-cervical spondylosis and cervicogenic headaches, and 
as a predictor of success for radiofrequency ablative proce-
dures. In that study, the accuracy of US guidance compared 
to that of fluoroscopy was good, with 23 of 28 needles dem-
onstrating accurate radiographic positioning [24]. 
Fluoroscopic procedures targeting the third occipital nerve 
around the C2/C3 zygapophyseal joint have been per-
formed utilizing three sequential needle placements. These 
fluoroscopy-guided placements have been very accurate 
but suffer from the inability to actually see the targeted 
nerve. Whether US is superior in some way to standard 
fluoroscopy remains to be tested.

Fig. 1.5  A dynamic exam is 
depicted wherein the 
piriformis muscle (P) is 
contracted

1  Imaging in Interventional Pain Management
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�Epidural Blocks

Epidural techniques including interlaminar, caudal, and 
selective spinal root blocks have been studied in limited 
fashion utilizing ultrasound guidance. Fluoroscopy tech-
niques are extremely easy and generally use small amounts 
of radiation; thus the advocates for US will need to perform 
comparative studies to demonstrate any particular advan-
tages. Caudal procedures are perhaps most promising in 
this regard.

Caution should be exercised until mechanisms of isch-
emic injury during transforaminal epidural procedures are 
better understood. Lack of a contrast control in US in 
spite of “extraforaminal” vascular structure visibility is 
the most significant drawback. Even CT scanning is not 
foolproof for cervical transforaminal corticosteroid injec-
tions [11, 22, 23].

�Sympathetic Blocks

Sympathetic blocks have been studied in limited fashion 
with ultrasound guidance. Stellate ganglion block (SGB) 
was performed at C6 anterior to Chassaignac’s tubercle 
based on surface landmarks for years prior to modern fluo-
roscopy techniques which have become the standard of care 
in most regions. A recent analysis of 27 previously reported 
cases of retropharyngeal hematoma after SGB emphasized 
the potential for delayed bleeding and hematoma formation 
[32]. Although image-guided techniques were not described 
in this review, aspiration of blood was negative in all but four 
cases requiring needle redirection. One of the earliest papers 
examining US guidance was by Kapral et  al. [26]. In this 
study, the nonultrasound group had three hematomas. The 
authors theorized that the vertebral artery might be more 
likely to be involved in left-sided injections. They and other 
researchers have raised the possibility of other arteries at 

Table 1.1  Comparison of relative attributes of various imaging techniques

Procedure Guidance +Attributes Problems
Sympathetic blocks
Stellate ganglion Fluoroscopy Contrast use Soft tissues not seen

US Visualize vessels, fascia/muscle Advanced skills needed
Celiac plexus Ct, FDCT 3D anatomy in cross section Delayed contrast, increased radiation

Fluoroscopy Real-time contrast No 3D imaging
Epidurals
Caudal Fluoroscopy Lateral view Minimal, radiation

US Real-time contrast Contrast flow
Needle visualization
No radiation

Lumbar TF Fluoroscopy Real-time contrast Missed vascular injection
DSA Vessel detection Equipment availability
US No role Obesity

Poor visualization
Lumbar IL Fluoroscopy Contrast use Minimal radiation

US Needle entry Poor contrast
Cervical TF Fluoroscopy Real-time contrast Miss vascular injection

DSA Vessel detection Equipment availability
US Vessel detection Contrast flow
CT 3D anatomy Radiation increased

Vertebral artery visible Small vessels missed
Lumbar medial branch block Fluoroscopy Easy, contrast use Small

US Fair visual Obese patient technically difficult
Cervical medial branch block Fluoroscopy Easy, contrast use Small

US Fair visual Obese, technically difficult
Lumbar facet joint Fluoroscopy Easy, contrast use Small

US Feasible Obesity
Cervical facet joint Fluoroscopy Contrast Difficult

US Feasible Advanced

CT computed tomography, DSA digital subtraction angiography, FDCT flat detector computed tomography, US ultrasound, TF transforaminal 
epidural

M. A. Huntoon
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risk, specifically, the ascending cervical branch off the 
inferior thyroid artery, which commonly passes over the C6 
anterior tubercle [33]. No head-to-head comparison studies 
of ultrasound vs. CT or fluoroscopy for SGB have yet been 
performed. The advantages of ultrasound would seem to be 
avoidance of vascular or soft tissue injuries. The advantages 
of fluoroscopy or CT would appear to be ease of interpreting 
contrast spread patterns and better representation of 3D anat-
omy in the case of CT.

�Combined US and CT/Fluoroscopy

The use of combinations of these imaging modalities has had 
limited study to date but may have some indications as time 
and experience accumulate. For example, peripheral nerve 
stimulation may be best accomplished with US and FDCT or 
US and fluoroscopy [27]. It is possible that combined imag-
ing techniques of US-fluoroscopy, CT-fluoroscopy, and US/
CT and other combined techniques may become normalized 
in particularly complicated procedures.

�Conclusion

The future of image guidance for pain medicine interventions 
must balance risk to the patient and clinician from ionizing 
radiation, risks of procedural complications, outcomes, and 
relative value. Although ultrasound imaging is feasible in 
many instances, best practice may favor fluoroscopy or CT in 
some cases. Ultrasound appears to have advantages for mus-
culoskeletal diagnosis and therapy for some joint and soft tis-
sue conditions, procedures where the peritoneum or pleura 
may be punctured, deep muscle injections, most peripheral 
nerve procedures, possibly SGB, possibly caudal epidurals, 
and perhaps equivalency for sacroiliac joint and some medial 
branch blocks. Other uses will require ongoing comparison to 
other image-guidance techniques. The following table com-
pares the relative attributes of various imaging techniques and 
points out areas where one image-guidance modality may 
have unique advantages relative to another (Table 1.1).
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Basics of Ultrasound: Pitfalls 
and Limitations

Vincent Chan and Anahi Perlas

�Introduction

Ultrasound has been used to image the human body for over 
half a century. Dr. Karl Theo Dussik, an Austrian neurolo-
gist, was the first to apply ultrasound as a medical diagnostic 
tool to image the brain [1]. Today, ultrasound (US) is one of 
the most widely used imaging technologies in medicine. It is 
portable, free of radiation risk, and relatively inexpensive 
when compared with other imaging modalities, such as mag-
netic resonance and computed tomography. Furthermore, US 
images are tomographic, i.e., offering a “cross-sectional” 
view of anatomical structures. The images can be acquired in 
“real time,” thus providing instantaneous visual guidance for 
many interventional procedures including those for regional 
anesthesia and pain management. In this chapter, we describe 
some of the fundamental principles and physics underlying 
US technology that are relevant to the pain practitioner.

�Basic Principles of B-Mode US

Modern medical US is performed primarily using a pulse-
echo approach with a brightness-mode (B-mode) display. 
The basic principles of B-mode imaging are much the same 
today as they were several decades ago. This involves trans-
mitting small pulses of ultrasound echo from a transducer 
into the body. As the ultrasound waves penetrate body tis-
sues of different acoustic impedances along the path of 
transmission, some are reflected back to the transducer 
(echo signals), and some continue to penetrate deeper. The 
echo signals returned from many sequential coplanar pulses 
are processed and combined to generate an image. Thus, an 
ultrasound transducer works both as a speaker (generating 

sound waves) and a microphone (receiving sound waves). 
The ultrasound pulse is in fact quite short, but since it 
traverses in a straight path, it is often referred to as an ultra-
sound beam. The direction of ultrasound propagation along 
the beam line is called the axial direction, and the direction 
in the image plane perpendicular to axial is called the lat-
eral direction [2]. Usually only a small fraction of the ultra-
sound pulse returns as a reflected echo after reaching a 
body tissue interface, while the remainder of the pulse con-
tinues along the beam line to greater tissue depths.

�Generation of Ultrasound Pulses

Ultrasound transducers (or probes) contain multiple 
piezoelectric crystals which are interconnected electroni-
cally and vibrate in response to an applied electric cur-
rent. This phenomenon called the piezoelectric effect was 
originally described by the Curie brothers in 1880 when 
they subjected a cut piece of quartz to mechanical stress 
generating an electric charge on the surface [3]. Later, 
they also demonstrated the reverse piezoelectric effect, 
i.e., electricity application to the quartz resulting in quartz 
vibration [4]. These vibrating mechanical sound waves 
create alternating areas of compression and rarefaction 
when propagating through body tissues. Sound waves can 
be described in terms of their frequency (measured in 
cycles per second or hertz), wavelength (measured in mil-
limeter), and amplitude (measured in decibel).

�Ultrasound Wavelength and Frequency

The wavelength and frequency of US are inversely related, 
i.e., ultrasound of high frequency has a short wavelength and 
vice versa. US waves have frequencies that exceed the upper 
limit for audible human hearing, i.e., greater than 20 kHz [3]. 
Medical ultrasound devices use sound waves in the range of 
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1–20  MHz. Proper selection of transducer frequency is an 
important concept for providing optimal image resolution in 
diagnostic and procedural US.  High-frequency ultrasound 
waves (short wavelength) generate images of high axial reso-
lution. Increasing the number of waves of compression and 
rarefaction for a given distance can more accurately discrimi-
nate between two separate structures along the axial plane of 
wave propagation. However, high-frequency waves are more 
attenuated than lower frequency waves for a given distance; 
thus, they are suitable for imaging mainly superficial struc-
tures [5]. Conversely, low-frequency waves (long wavelength) 
offer images of lower resolution but can penetrate to deeper 
structures due to a lower degree of attenuation (Fig. 2.1). For 
this reason, it is best to use high-frequency transducers (up to 
10–15 MHz range) to image superficial structures (such as for 
stellate ganglion blocks) and low-frequency transducers (typ-
ically 2–5 MHz) for imaging the lumbar neuraxial structures 
that are deep in most adults (Fig. 2.2).

Ultrasound waves are generated in pulses (intermittent 
trains of pressure) that commonly consist of two or three 
sound cycles of the same frequency (Fig. 2.3). The pulse rep-
etition frequency (PRF) is the number of pulses emitted by 
the transducer per unit of time. Ultrasound waves must be 
emitted in pulses with sufficient time in between to allow the 
signal to reach the target of interest and be reflected back to 
the transducer as echo before the next pulse is generated. The 
PRF for medical imaging devices ranges from 1 to 10 kHz.

�Ultrasound-Tissue Interaction

As US waves travel through tissues, they are partly transmit-
ted to deeper structures, partly reflected back to the trans-
ducer as echoes, partly scattered, and partly transformed to 
heat. For imaging purposes, we are mostly interested in the 
echoes reflected back to the transducer. The amount of echo 
returned after hitting a tissue interface is determined by a tis-
sue property called acoustic impedance. This is an intrinsic 
physical property of a medium defined as the density of the 
medium times the velocity of US wave propagation in the 
medium. Air-containing organs (such as the lung) have the 
lowest acoustic impedance, while dense organs such as bone 
have very high-acoustic impedance (Table 2.1). The intensity 
of a reflected echo is proportional to the difference (or mis-

Fig. 2.1  Attenuation of 
ultrasound waves and its 
relationship to wave frequency. 
Note that higher frequency waves 
are more highly attenuated than 
lower frequency waves for a 
given distance. (a) Shorter 
wavelength with greater 
attenuation. (b) Longer 
wavelength with lesser 
attenuation (Reproduced with 
permission from Ref. [6])

Fig. 2.2  A comparison of the 
resolution and penetration of 
different ultrasound transducer 
frequencies. (This figure was 
published in Ref. [3]. Copyright 
Elsevier (2000))

Fig. 2.3  Schematic representation of ultrasound pulse generation. 
(Reproduced with permission from Ref. [6])

V. Chan and A. Perlas



13

match) in acoustic impedances between two mediums. If two 
tissues have identical acoustic impedance, no echo is gener-
ated. Interfaces between soft tissues of similar acoustic 
impedances usually generate low-intensity echoes. 
Conversely interfaces between soft tissue and bone or the 
lung generate very strong echoes due to a large acoustic 
impedance gradient [7].

When an incident ultrasound pulse encounters a large, 
smooth interface of two body tissues with different acoustic 
impedances, the sound energy is reflected back to the 
transducer. This type of reflection is called specular reflec-
tion, and the echo intensity generated is proportional to the 
acoustic impedance gradient between the two mediums 
(Fig.  2.4). A soft tissue-needle interface when a needle is 
inserted “in-plane” is a good example of specular reflection. 
If the incident US beam reaches the linear interface at 90°, 
almost all of the generated echo will travel back to the trans-
ducer. However, if the angle of incidence with the specular 
boundary is less than 90°, the echo will not return to the 
transducer but rather be reflected at an angle equal to the 
angle of incidence (just like visible light reflecting in a mir-
ror). The returning echo will potentially miss the transducer 
and not be detected. This is of practical importance for the 
pain physician and explains why it may be difficult to image 
a needle that is inserted at a very steep direction to reach 
deeply located structures.

Refraction refers to a change in the direction of sound 
transmission after hitting an interface of two tissues with dif-
ferent speeds of sound transmission. In this instance, because 
the sound frequency is constant, the wavelength has to 
change to accommodate the difference in the speed of sound 
transmission in the two tissues. This results in a redirection 
of the sound pulse as it passes through the interface. 
Refraction is one of the important causes of incorrect local-
ization of a structure on an ultrasound image. Because the 
speed of sound is low in fat (approximately 1450 m/s) and 
high in soft tissues (approximately 1540 m/s), refraction arti-
facts are most prominent at fat/soft tissue interfaces. The 
most widely recognized refraction artifact occurs at the 
junction of the rectus abdominis muscle and abdominal wall 

fat. The end result is duplication of deep abdominal and pel-
vic structures seen when scanning through the abdominal 
midline (Fig. 2.5). Duplication artifacts can also arise when 
scanning the kidney due to refraction of sound at the inter-
face between the spleen (or liver) and adjacent fat [8].

If the ultrasound pulse encounters reflectors whose 
dimensions are smaller than the ultrasound wavelength, or 
when the pulse encounters a rough, irregular tissue interface, 
scattering occurs. In this case, echoes reflected through a 
wide range of angles result in reduction in echo intensity. 
However, the positive result of scattering is the return of 
some echo to the transducer regardless of the angle of the 
incident pulse. Most biologic tissues appear in US images as 
though they are filled with tiny scattering structures. The 
speckle signal that provides the visible texture in organs like 
the liver or muscle is a result of interface between multiple 
scattered echoes produced within the volume of the incident 
ultrasound pulse [2].

.As US pulses travel through tissue, their intensity is 
reduced or attenuated. This attenuation is the result of reflec-
tion and scattering and also of friction-like losses. These 
losses result from the induced oscillatory tissue motion pro-
duced by the pulse, which causes conversion of energy from 
the original mechanical form into heat. This energy loss to 
localized heating is referred to as absorption and is the most 
important contributor to US attenuation. Longer path length 
and higher frequency waves result in greater attenuation. 
Attenuation also varies among body tissues, with the highest 
degree in bone, less in muscle and solid organs, and lowest in 
blood for any given frequency (Fig.  2.6). All ultrasound 
equipment intrinsically compensates for an expected average 
degree of attenuation by automatically increasing the gain 
(overall brightness or intensity of signals) in deeper areas of 
the screen. This is the cause for a very common artifact 
known as “posterior acoustic enhancement” that describes a 
relatively hyperechoic area posterior to large blood vessels 
or cysts (Fig.  2.7). Fluid-containing structures attenuate 
sound much less than solid structures so that the strength of 
the sound pulse is greater after passing through fluid than 
through an equivalent amount of solid tissue.

�Recent Innovations in B – Mode Ultrasound

Some recent innovations that have become available in most 
ultrasound units over the past decade or so have significantly 
improved image resolution. Two good examples of these are 
tissue harmonic imaging and spatial compound imaging.

The benefits of tissue harmonic imaging were first 
observed in work geared toward imaging of US contrast 
materials. The term harmonic refers to frequencies that are 
integral multiples of the frequency of the transmitted pulse 

Table 2.1  Acoustic impedances of different body tissues and organs

Body tissue Acoustic impedance (106 Rayls)
Air 0.0004
Lung 0.18
Fat 1.34
Liver 1.65
Blood 1.65
Kidney 1.63
Muscle 1.71
Bone 7.8

Reproduced with permission from Ref. [6]

2  Basics of Ultrasound: Pitfalls and Limitations
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(which is also called the fundamental frequency or first 
harmonic) [9]. The second harmonic has a frequency of 
twice the fundamental. As an ultrasound pulse travels 
through tissues, the shape of the original wave is distorted 
from a perfect sinusoid to a “sharper,” more peaked, saw-
tooth shape. This distorted wave in turn generates reflected 
echoes of several different frequencies of many higher order 
harmonics. Modern ultrasound units use not only a funda-
mental frequency but also its second harmonic component. 
This often results in the reduction of artifacts and clutter in 
the near surface tissues. Harmonic imaging is considered to 

be most useful in “technically difficult” patients with thick 
and complicated body wall structures.

Spatial compound imaging (or multibeam imaging) refers 
to the electronic steering of ultrasound beams from an array 
transducer to image the same tissue multiple times by using 
parallel beams oriented along different directions [10]. The 
echoes from these different directions are then averaged 
together (compounded) into a single composite image. The 
use of multiple beams results in an averaging out of speckles, 
making the image look less “grainy” and increasing the lat-

Fig. 2.4  Different types of 
ultrasound wave-tissue 
interactions. (Reproduced 
with permission from Ref. 
[6])

Fig. 2.5  Refraction artifact. 
Diagram (a) shows how 
sound beam refraction results 
in duplication artifact. (b) is a 
transverse midline view of the 
upper abdomen showing 
duplication of the aorta (A) 
secondary to rectus muscle 
refraction. (This figure was 
published in Ref. [8]. 
Copyright Elsevier (2004))

Fig. 2.6  Degrees of attenuation of ultrasound beams as a function of 
the wave frequency in different body tissues. (Reproduced with permis-
sion from Ref. [6])

Fig. 2.7  Sonographic image of the femoral neurovascular structures in 
the inguinal area. A hyperechoic area can be appreciated deep to the 
femoral artery (arrowhead). This well-known artifact (known as poste-
rior acoustic enhancement) is typically seen deep to fluid-containing 
structures. N femoral nerve; A, femoral artery; V, femoral vein

V. Chan and A. Perlas
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eral resolution. Spatial compound images often show reduced 
levels of “noise” and “clutter” as well as improved contrast 
and margin definition. Because multiple ultrasound beams 
are used to interrogate the same tissue region, more time is 
required for data acquisition and the compound imaging 
frame rate is generally reduced compared with that of con-
ventional B-mode imaging.

�Conclusion

US is relatively inexpensive, portable, safe, and real time in 
nature. These characteristics and continued improvements in 
image quality and resolution have expanded the use of US to 
many areas in medicine beyond traditional diagnostic imag-
ing applications. In particular, its use to assist or guide inter-
ventional procedures is growing. Regional anesthesia and 
pain medicine procedures are some of the areas of current 
growth. Modern US equipment is based on many of the same 
fundamental principles employed in the initial devices used 
over 50 years ago. The understanding of these basic physical 
principles can help the anesthesiologist and pain practitioner 
better understand this new tool and use it to its full potential.
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Essential Knobology for Ultrasound-
Guided Regional Anesthesia 
and Interventional Pain Management

Alan J. R. Macfarlane, Cyrus C. H. Tse, and Richard Brull

�Introduction

The safety and efficacy of ultrasound (US)-guided nerve 
blockade relies heavily upon a comprehensive understand-
ing of machine “knobology” [1–3]. Despite differences in 
appearance and layout, all US machines share the same 
basic operative functions that users must appreciate in order 
to optimize the image. While modern US machines offer an 
abundance of features, the basic functions that all opera-
tors should be familiar with are frequency and probe selec-
tion, depth, gain, time gain compensation (TGC), focus, 
preprogrammed presets, color Doppler, power Doppler, 
compound imaging, tissue harmonic imaging (THI) (on 
some models), and image freeze and acquisition. Once the 
physical principles of US are understood, it becomes clear 
that creating the “best” image is often a series of trade-offs 
between improving one function at the expense of another. 
Each of the aforementioned functions is presented in turn 
below, following the sequence we use when performing any 
US-guided intervention.

�Frequency and Probe Selection

Selecting the appropriate frequency of the emitted US wave 
is perhaps the most crucial of all adjustments. Ultrasound 
waves are characterized by a specific frequency (f) and wave-

length (λ), as described by the equation v = f × λ, where v 
is the speed at which the wave travels (all machines assume 
that US waves travel through soft tissue at 1540 m/s). The 
range of frequencies used for nerve blocks is between 3 
and 15  MHz. Higher frequencies provide superior axial 
resolution (Fig. 3.1). Conceptually, axial resolution enables 
differentiation between structures lying close together at 
different depths (y-axis) within the ultrasound image, that 
is, above and below one another. Poor axial resolution, or 
inappropriately low frequency, may mislead by producing 
only one structure on the US image when, in reality, there 
are two structures lying immediately above and below each 
other (Fig. 3.2).

Unfortunately, higher frequency waves are attenuated more 
than lower frequency waves. Attenuation, which is described 
in more detail below (see “Time Gain Compensation”), refers 
to the progressive loss of energy (i.e., signal intensity) as the 
US wave travels from the probe to the target tissue and back to 
the probe again for processing into an image (Fig. 3.3) [1]. The 
end result of excess attenuation is an indiscernible image. The 
operator must therefore choose the highest possible frequency 
while still being able to penetrate to the appropriate depth in 
order to visualize the target. High-frequency transducers are 
best for depths of up to 3–4 cm; thereafter, a lower frequency 
probe is often necessary.

Probe categories can be divided into high (8–12 MHz), 
medium (6–10 MHz), and low (2–5 MHz) frequency ranges. 
On some machines, a variety of probes are always connected, 
and choosing the desired probe requires only the toggle of a 
selector switch. On other machines, the different probes 
must be physically removed and attached each time. Most 
US probes have a “central” (i.e., optimal) frequency as well 
as a range of frequencies on either side of this central fre-
quency, known as the bandwidth. After choosing the appro-
priate probe, the operator may therefore fine tune the 
frequency of the US wave emitted from the transducer by 
actively selecting only the upper, mid, or lower frequencies 
from each transducer’s bandwidth.
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Fig. 3.1  Higher ultrasound 
frequencies produce shorter 
pulse durations which 
promote improved axial 
resolution. The opposite is 
true when lower frequencies 
are used

Fig. 3.2  Axial resolution denotes the ability of the ultrasound machine 
to visually separate two structures lying atop one another (y-axis) in a 
direction parallel to the beam. As frequency increases, axial resolution 
increases, but depth of penetration decreases. Low-frequency waves 

penetrate deeper at the expense of axial resolution. Note how the ultra-
sound machine is increasingly unable to resolve distinct structures as 
separate as the frequency decreases

Fig. 3.3  Attenuation varies 
directly with the frequency of 
the ultrasound wave and the 
distance traveled by the 
ultrasound wave. Note how 
the higher frequency 
(10 MHz) ultrasound wave is 
more attenuated relative to the 
lower frequency (5 and 
2.5 MHz) wave(s) at any 
given distance (depth)

A. J. R. Macfarlane et al.
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�Depth

The depth setting must be adjusted so that the structures of 
interest fall within the field of view (Fig. 3.4). The objective 
is to set the depth to just below the desired target. This serves 
two purposes: firstly, imaging at a depth greater than neces-
sary results in a smaller target as the display is a finite size. A 
smaller target is generally more difficult to visualize and 
subsequently approach with the needle (Fig. 3.4b). Secondly, 
minimizing the depth optimizes temporal resolution. 
Temporal resolution may be thought of as the frame rate and 
refers to the rate at which consecutive unique images are pro-
duced (expressed in frames per second) to culminate in con-
tinuous real-time imaging. Temporal resolution is dependent 
upon the rate at which successive US waves are emitted to 
form a full sector beam (usually in the order of thousands per 
second). Because US waves are actually emitted in pulses, 
with the next pulse emitted only when the previous one has 
returned to the transducer, it follows that for deeper struc-
tures this overall emission rate must be slower. Temporal 
resolution is thus forfeited as depth is increased in yet another 
trade-off between functions as described above. Modern US 
machines preserve temporal resolution by reducing the width 
of the sector beam, which explains the automatic narrowing 
of the screen image as the depth is increased. Reducing the 

sector width effectively reduces the number of emitted waves 
which must return to the transducer, thereby reducing the 
time before an image is displayed and maintaining frame 
rate. Unlike during cardiac imaging, when visualizing mov-
ing objects is crucial, temporal resolution is of less impor-
tance in regional anesthesia and pain management. A 
low-frame rate, however, could still be significant by creat-
ing a blurred image during either needle movement or rapid 
injection of local anesthetic.

�Gain

The gain dial dictates how bright (hyperechoic) or dark 
(hypoechoic) the image appears. The mechanical energy of 
the echoes returning to the probe is converted by the US 
machine into an electrical signal, which in turn is converted 
into a displayed image. Increasing the gain amplifies the 
electrical signal produced by all these returning echoes 
which in turn increases the brightness of the entire image, 
including background noise (Fig. 3.5b). Care must be taken 
when adjusting the gain dial because, despite the perception 
by some novices that brighter is better, too much gain can 
actually create artifactual echoes or obscure existing struc-
tures. Similarly, too little gain can result in the operator 

Fig. 3.4  Depth. (a) Optimal depth setting. The median nerve (MED) and surrounding musculature are apparent. (b) Excessive depth setting. The 
depth setting is too deep such that the relative size of the target structures is diminished. (c) Inadequate depth setting. The MED is not visible

3  Essential Knobology for Ultrasound-Guided Regional Anesthesia and Interventional Pain Management
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missing real echo information (Fig. 3.5c). Finally, increasing 
the gain also reduces lateral resolution. Lateral resolution 
refers to the ability to distinguish objects side by side and is 
discussed below.

�Time Gain Compensation

Similar to the gain dial, the TGC function allows the operator 
to make adjustments to the brightness. While the gain dial 
increases the overall brightness, TGC differs by allowing the 
operator to adjust the brightness independently at specific 
depths in the field (Fig. 3.6). In order to understand the pur-
pose of TGC, one must fully appreciate the principle of 
attenuation. US waves passing through tissues are attenu-
ated, mainly due to absorption but also as a result of reflec-
tion and refraction. Attenuation varies depending on both the 
beam frequency (higher frequency waves are attenuated 
more, as described above) and the type of tissue through 
which US travels (represented by the characteristic attenua-
tion coefficient of each tissue type). Attenuation also 
increases with depth of penetration, and so if the machine 
actually displayed the amplitude of echoes returning to the 
probe, the image would be progressively darker from super-
ficial to deep. This is because those waves returning from 

farther away would be more attenuated. While US machines 
are designed to automatically compensate for attenuation, 
the machine’s automatic correction is not always accurate. In 
order to create a more uniform image, TGC is most com-
monly adjusted to increase the brightness of structures in the 
far field (i.e., deep structures). While some machines have 
individual controls (“slide pots”) for each small segment of 
the display (Philips, GE), others have more simply “near” 
and “far” gain (SonoSite). When individual slide pots are 
present, the optimal configuration is usually to have the gain 
increasing slightly from superficial to deep to compensate 
for the attenuation described above.

�Focus

The focus button is not present on all machines, but when 
available, it may be adjusted to optimize lateral resolution. 
Lateral resolution refers to the machine’s ability to distinguish 
two objects lying beside one another at the same depth, per-
pendicular to the US beam (Fig. 3.7). Multiple piezoelectric 
elements arranged in parallel on the face of the transducer emit 
individual waves which together produce a 3-D US beam. This 
3-D US beam first converges (Fresnel zone) to a point where 
the beam is narrowest, called the focal zone, and then diverges 

Fig. 3.5  Gain. (a) Optimal gain setting. The target median nerve (MED) and surrounding musculature in the forearm are apparent. (b) The gain 
is adjusted too high. (c) The gain is adjusted too low

A. J. R. Macfarlane et al.
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(Fraunhofer zone) as it propagates through the tissue (Fig. 3.8). 
Conceptually, when the beam diverges, the individual element 
waves no longer travel in parallel and become increasingly far-
ther apart from one another. Ideally, each individual element 
wave would strike (and consequently produce a corresponding 
image) every point in the field, no matter how close two sepa-
rate structures lie next to one another in the lateral plane. Target 
objects may be missed by “slipping in between” two individ-
ual US waves if these are divergent. Limiting the amount of 
beam divergence therefore improves lateral resolution, and this 
is optimal at the level of the focal zone. The purpose of the 
focus dial is to allow the operator to adjust the focal zone to 
various depths in the field. By positioning the focus at the same 
level as the target(s) of interest (Fig. 3.9), the amount of beam 
divergence can be limited and lateral resolution maximized 
accordingly. The focus level is generally represented by a 
small arrow at the left or right of the image. Some machines 

Fig. 3.6  Improper time gain compensation setting. (a) The median nerve is not visible due to the hypoechoic band in the center of the image. This 
is caused by inappropriate low setting of the time gain compensation dial (b) which creates a band of under gain

Fig. 3.7  Lateral resolution denotes the ability of the ultrasound 
machine to visually separate two structures lying beside one another in 
a direction perpendicular to the beam (x-axis). As frequency increases, 
lateral resolution increases, but depth of penetration decreases. Low-

frequency waves penetrate deeper at the expense of lateral resolution. 
Note how the ultrasound machine is increasingly unable to resolve each 
structure distinctly as the frequency decreases

Fig. 3.8  Focal zone. The focal zone is the boundary at which conver-
gence of the beams ends and divergence begins. Lateral resolution is 
best in the focal zone. Lateral resolution denotes the ability of the ultra-
sound machine to correctly distinguish two structures lying side by side 
(x-axis)
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actually offer the ability to set multiple focal zones, but increas-
ing the number of focal zones simultaneously degrades tempo-
ral resolution as the machine spends more time listening for 
returning echoes and processing each image.

�Presets

All machines have presets which use a combination of the 
settings described above to create an image that is generally 
optimal for a particular tissue. At the most basic level, this 
may simply be set for nerves or vessels, but other machines 
may have settings for each particular nerve block. Although 
these provide a useful starting point, further manual adjust-
ments are generally still required to compensate for patient 
size and condition.

�Color Doppler

Color Doppler technology superimposes Doppler informa-
tion on the real-time image and facilitates the identification 
and quantification (velocity, direction) of blood flow. The 

major benefit, however, of Doppler technology for anesthesi-
ologists performing ultrasound-guided pain procedures is to 
confirm the absence of blood flow in the anticipated trajec-
tory of the needle.

Doppler physics applied to ultrasound relate to the prin-
ciple that if a sound wave is emitted from a stationary trans-
ducer and reflected by a moving object (usually red blood 
cells), the frequency of that reflected sound wave will change 
(Fig. 3.10). When blood is moving away from the transducer, 
the reflected wave will return at a lower frequency than the 
original emitted wave. This is represented by a blue color. 
Conversely, when blood is moving toward the transducer, the 
reflected wave returns at a higher frequency than the original 
emitted wave. This is represented by a red color. Operators 
should be aware that red is not necessarily associated with 
arterial blood nor blue with venous blood. The above change 
in frequency is known as the Doppler shift, and it is this prin-
ciple that can be used in cardiac and vascular applications to 
calculate both blood flow velocity and blood flow direction. 
The Doppler equation states that

	
Frequency shift

cosinet=
( )( )2vf

c

a
	

Fig. 3.9  Focus. (a) Correct focus setting for viewing the median nerve (MED) in the forearm. Bidirectional arrows along the right border of the 
image indicate the focus level setting. (b) The focus level is set too shallow. (c) The focus level is set too deep
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where v is the velocity of the moving object, ft is the trans-
mitted frequency, α is the angle of incidence between the 
US beam and the direction of blood flow, and c is the 
speed of US in the blood. It is also important to note that 
as the beam’s angle of incidence approaches 90°, large 
errors are introduced into the Doppler equation since the 
cosine of 90° is 0. In such instances, blood flow in a 
hypoechoic structure may not be visualized (i.e., false 
negative  – Fig.  3.11). Just as overall brightness can be 
adjusted using the gain function, the amount of Doppler 
signal displayed can also be adjusted. On some US 
machines, the Doppler sensitivity is adjusted by turning 
the gain knob while in Doppler mode. Other machines 

have a separate Doppler sensitivity knob. It should be 
noted however that increasing the Doppler sensitivity may 
result in the production of motion artifacts (i.e., false pos-
itive) created by subtle patient movements.

When in Doppler mode, the US machine requires more 
time to process returning echoes compared to simple B-mode 
imaging, and so temporal resolution may be reduced. This 
explains why only a small area of the image (usually a rect-
angle or parallelogram) is monitored for Doppler shift when 
this function is turned on. The operator may subsequently 
move this shape over desired targets using either a trackball 
or touch pad.

Fig. 3.10  Doppler. (a) When 
a sound wave is emitted from 
the transducer and reflected 
from a target object moving 
toward the transducer, the 
returning frequency will be 
higher than the original 
emitted sound wave. The 
corresponding image on the 
ultrasound machine is 
represented by a red color. (b) 
Conversely, if the target 
object is moving away from 
the transducer, the returning 
frequency will be lower than 
the original emitted sound 
wave. The corresponding 
image on the ultrasound 
machine is represented by a 
blue color

Fig. 3.11  Color Doppler. Short axis view of the radial artery. (a) No flow is apparent when the beam is perpendicular to the direction in which 
blood is flowing. (b) Adjusting the tilt of the probe alters the angle of insonation and consequently displays blood flow
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24

�Power Doppler

Power Doppler is a newer US technology that is up to five 
times more sensitive in detecting blood flow than color 
Doppler and can therefore detect vessels that are difficult or 
impossible to see using standard color Doppler. A further 
benefit is that, unlike color Doppler, power Doppler is 
almost angle independent, reducing the incidence of false 
negatives described above. Such advantages however come 
at the expense of more motion artifact with subtle move-
ments such as respiration. One further disadvantage of 
power Doppler is that it cannot resolve the direction of 
flow. Rather than displaying a blue or red color therefore, 
only one color (usually orange) is used in a range of hues to 
indicate flow.

�Compound Imaging

Compound imaging is one of the more recent technological 
advances in US. It improves image quality compared with 
conventional US by reducing speckle and other acoustic 
artifacts and improves the definition of tissue planes and 
needle visibility (Fig.  3.12). Conventional US transducers 
emit sound waves in one direction, perpendicular to the 
transducer. Modern compound imaging transducers can 
simultaneously emit and “steer” ultrasound waves at a vari-
ety of angles, therefore producing images of the same tissue 
from several different angles of insonation (Fig.  3.13). 
Compound imaging works by electronically combining the 
reflected echoes from all the different angles to produce a 
single high-quality image (spatial compound imaging). 
Frequency compound imaging is similar but uses differing 
frequencies rather than insonation angles to create a single 
image.

�Tissue Harmonic Imaging

THI is another relatively new technology. When sound waves 
travel through the body tissue, harmonic frequencies are gen-
erated (Fig. 3.14). These harmonic frequencies are multiples 
of the original, fundamental frequency. When THI is avail-
able, the transducer preferentially captures these higher fre-
quency echoes upon their return to the probe for image 
processing. Because the harmonic frequencies are higher, 

Fig. 3.12  (a) Compound imaging in off mode. (b) Compound imaging in on mode. Note the greater speckle artifact and reduction in resolution 
in (a) compared to (b)

Fig. 3.13  Beam steer. (a) Conventional ultrasound transducer emitting 
sound waves in one direction. (b) Compound imaging transducer emit-
ting sound waves at a variety of angles

A. J. R. Macfarlane et al.
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there is enhanced axial and lateral resolution with reduced 
artifact. A further important point is that, unlike conventional 
US, these higher frequencies are achieved without sacrific-
ing depth of penetration. THI appears to particularly improve 
visualization of hypoechoic, cystic structures, although it has 
been reported to worsen needle visibility.

�Optimization Button

Many newer machines now implement an automatic image 
optimization button which serves to instantaneously com-
bine many of the aforementioned features to create the “ideal 
image.” This can be a simple, effective, and quick way to 
improve the quality of the image though further manual 
adjustments are sometimes still required.

�Freeze Button and Image Acquisition

US imaging is a dynamic process. The image however is 
actually made up of a number of “frames” per second (tem-
poral resolution, as described above) that change quickly 
enough to produce what effectively appears as a real-time 
display. The freeze button displays the current image on the 
screen but usually also allows a sequential review of the 
individual “frames” over a previous short period of time. 
Such images can then be stored if desired. Image acquisition 
is important for medicolegal records, teaching, and (less 
commonly when performing nerve blocks) making measure-
ments. Most machines have the capacity to store still and 
video images.
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Ultrasound Technical Aspects: How 
to Improve Needle Visibility

Dmitri Souza, Imanuel Lerman, 
and Thomas M. Halaszynski

�Introduction

There are many advantages to the use of ultrasound in inter-
ventional pain medicine procedures. Ultrasound technology is 
currently growing exponentially due to its many advantages of 
improved and real-time high-resolution ultrasound imaging 
that results in successful pain management interventions. In 
addition, use of ultrasound for interventional pain manage-
ment procedures avoids the many risks associated with radia-
tion exposure to both the patient and practitioner [1].

With appropriate training and experience, reliable and 
compulsive tracking of an introduced needle shaft and tip, 
both critical for effective and safe pain medicine interven-
tions, may be mastered. Failure to visualize the needle, espe-
cially the needle tip, during needle advancement is one of the 
most common errors in ultrasound-guided interventional 
procedures (UGIP) [2–4].

Manipulation of the needle positioning during a pain 
management intervention, injection of local anesthetics/ste-
roids or other medications, radiofrequency or cryoablation 
procedures, and other interventions without adequate nee-
dle tip visualization can often result in unintentional vascu-
lar, neural, and visceral injury. As an example, the rate of 
unintentional vascular puncture injuries during peripheral 
nerve block placement was reduced from 40% in the con-
ventional anatomical landmark techniques to 10% with 

introduction of real-time visualization of the advancing 
regional block needle under ultrasound. Trainees can often 
make repeated errors and exhibit potentially compromising 
technical and safety behaviors during ultrasound-guided 
interventional nerve block placement procedures which can 
be potentially remediated by techniques that can improve 
needle visualization [2–7].

A practitioner cannot assume that an interventional/proce-
dural needle will always be clearly identified based on the vari-
able properties and sizes of the several metallic needles. The 
variety of needle types used will often produce a distinct signal 
or “echo” under the ultrasound image. Effective visualization of 
the procedural needle, once introduced under the skin, is chal-
lenging for several reasons: variability in echogenicity of nee-
dles, varying ultrasound machine image processing technologies 
by the many ultrasound manufacturers, and transducer probe 
properties variability. These reasons along with other factors 
may be manipulated and modified to help improve needle visi-
bility and will be discussed in this chapter.

�Training and Phantom Simulation

�Training with Adequate Mentorship

An adequate knowledge of human anatomy and ability to 
produce “typical” cross-sectional anatomical images during 
sonography are usually not sufficient for adequate needle 
visualization under all circumstances. The ability to observe, 
in real time, needle placement and advancement along with 
several other procedural manipulations under ultrasound 
guidance can be a challenging task to both the experienced 
practitioner and novice as it requires a new set of skills. Sites 
et al. has shown that simultaneous needle manipulation along 
with device operation requires dedicated training [2, 3] 
despite other tendencies to define simple training strategies 
for ultrasound use by nonradiologists [8]. The American 
Society of Regional Anesthesia and Pain Medicine and the 
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European Society of Regional Anaesthesia and Pain Therapy 
Joint Committee suggested that visualization of needle pas-
sage along with local anesthetic injection is one of the four 
important categories of skill required for proficiency in 
UGIP including understanding device operations, image 
optimization, and image interpretation [9] (Fig. 4.1). In order 
to become more proficient at these four technical skills, it 
requires that the practitioner undergo adequate training that 
includes a continuing medical education regimen under 
mentorship supervision and instruction. In order to continue 
to develop the skill set necessary to become more proficient 
with UGIP, one should also perform ultrasound scanning on 
self and colleagues and practice on simulators and phantoms 
prior to performing UGIP on patients [9].

�Phantoms

Two common errors during UGIP training have been identi-
fied, and they are [1] failure to visualize the procedural nee-
dle during advancement toward its target and [2] ultrasound 
probe movement without proper needle visualization [3]. An 
ultrasound phantom is a simulation tool that mimics several 
properties of human tissue including tactile texture and com-
pressibility of human skin, in addition to the typical needle 
appearance and feel as it is passed under ultrasound. UGIP 
phantom simulation may also address some important patient 
safety concerns by improving needle manipulation skills and 
further develop abilities with needle tip visualization that 

will alleviate many of the stressors associated with practic-
ing UGIP on patients. Practicing ultrasound-guided needle 
tip visualization on a phantom simulator will begin to foster 
development of the necessary skill set for UGIP in a less 
stressful and low-risk setting [10].

Various modalities have been described to accomplish a 
“tissue-like” appearance of practice phantoms for ultra-
sound. Phantoms are typically identified by their “fidelity” 
that describes how closely the phantom can replicate the 
accurate texture of anatomical tissue. For example, a high-
fidelity phantom would be a cadaver specimen, and a low-
fidelity phantom would be represented by a water bath [11]. 
Low-fidelity phantoms have been made from many different 
materials including water balloons or water baths (Fig. 4.2), 
tofu (Fig. 4.3), gelatin or agar, or readily available materials, 
such as surgical gel pads (Fig. 4.4). There have been other 
simulators described including sponges, cheese, chicken, 
turkey, porcine phantoms, and other objects [5, 11–14].

The low-fidelity phantoms have limited durability, and 
limitations in sonographic fidelity may also be present. Most 
recently, phantom simulation technology has improved, and 
phantoms can be made of polymer plastics, polyurethane, and 
other vinyl materials. As another example, the Blue Phantom 
(Fig.  4.5) (Redmond, WA) and ATS laboratories phantoms 
(Bridgeport, CT) (Fig.  4.6) will appear “tissue-like” under 
ultrasound imaging and can also include vessels, while some 
others can include phantom nerves or spine (Fig. 4.7) [10, 15].

These strategies reflect a growing interest in continued 
development of newer high-fidelity phantom technologies.

Fig. 4.1  Major didactic 
categories in UGIP training 
include visualization of 
needle insertion and injection 
of local anesthetic solution, 
understanding device 
operations, in addition to 
image optimization and 
interpretation. UGIP 
ultrasound-guided 
interventional procedures

D. Souza et al.
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Fig. 4.2  Needle appearance in water bath phantom (a, b). This is a water bath phantom (a); the needle (arrows) is easily visualized (b)

Fig. 4.3  Needle appearance in tofu phantom (a, b). Tofu is an inexpensive ultrasound phantomCaption(a) where the needle (arrows) is easily 
visualized (b)

Fig. 4.4  Needle appearance in surgical gel pad (a, b). This is a surgical gel pad phantom (a). Here the needle (arrows) is easily visualized (b)

4  Ultrasound Technical Aspects: How to Improve Needle Visibility
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Fig. 4.5  Needle appearance in Blue Phantom (a, b). Blue Phantom is an ultrasound phantom that includes structures, simulating nerves, and ves-
sels (a). Here the needle (arrows) is easily visualized (b)

Fig. 4.6  Needle appearance in ATS laboratories phantoms (a, b). The ATS phantom incorporates plastic tubes that simulate vessels (a). The needle 
(arrows) is easily visualized (b)

Fig. 4.7  Needle appearance in cervical spine water bath phantom simu-
lator (a, b). A water bath cervical spine and lumbar spine phantom 
simulate bony structures of the spine. Panel (a) shows a cervical spine 

model in a water bath. Panel (b) shows the cervical spine under ultra-
sound with needle (arrows) easily visualized

D. Souza et al.
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�High-Fidelity Simulation

The ultrasound-guided regional anesthesia simulation phan-
tom (U-GRASP) interactive tool (IT), a newer type of ultra-
sound simulator, has been developed by authors for the trainees 
mastering their needle visualization technique (Fig. 4.8). The 
U-GRASP IT includes a correct phantom that can mimic 
extremity movement when the ultrasound-guided target is 
reached and successful neurostimulation is achieved. In addi-
tion, the phantom provides feedback in the form of an activat-
ing buzzer and an illuminating light-emitting diode when a 
successful block has been performed. The future of simulator 
phantoms will continue to expand and possibly include error 
and skill assessment in targeted needle advancement, and the 
data may also be used to score and track UGIP training with an 
emphasis on improving UGIP outcomes. Recently, there has 
been development of virtual and 3D/4D UGIP phantoms that 
are similar to what is being used in surgical training [16–20].

Some of the ultrasound machines for UGIP provide mul-
timedia tools to facilitate learning of the UGIP. The devices 
allow the use of the bank of preset images and video of typi-
cal procedures and anatomical cross sections which can be 
utilized during the procedure of choice to provide a real-time 
on-hand high-quality reference and image interpretation sup-
port (Fig. 4.9).

�Combined Ultrasound and Fluoroscopic 
Phantom Simulators

Many pain practitioners are unfamiliar with UGIP and have 
no experience or little understanding of ultrasound needle 
visualization and needle manipulations under ultrasound. 
These individuals most likely learned and then practiced 
acquisition of needle tracking skills that are required for the 

many different types of injections (e.g., cervical and lumbar 
spine) by simultaneous simulation of X-ray-based tech-
niques and ultrasound simulator. This combination was 
found to be helpful in the transition from computer 
tomography-assisted injections for low back pain to the now 
developing area of UGIP [21]. However, high-fidelity ana-
tomical and animal lab ultrasound phantoms are currently 
found most often at university centers or at special confer-
ences and seminars and not widely accessible. A prototype 

Fig. 4.8  Ultrasound-guided 
regional anesthesia simulation 
phantom (U-GRASP) 
interactive tool (IT). This is a 
high-fidelity ultrasound 
simulator which allows 
documentation of trainee 
performance in the needle 
positioning during simulated 
procedures. In addition, it 
provides the trainee with the 
immediate feedback through a 
light and sound indicator 
which activates as the targeted 
anatomical structure is 
approached with the needle 
tip

Fig. 4.9  Real-time and image interpretation support system (eZONO). The 
eZONO device allows the operator to use a bank of stored preset images 
and video and anatomical cross sections which can be used during the pro-
cedure of choice to provide a real-time on-hand high-quality reference and 
image interpretation support. Used with permission from eZONO
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of a combined ultrasound and fluoroscopic phantom for cer-
vical transforaminal injections has been developed by 
authors. It is made from a commercially available cervical 
spine anatomical model submersed in a polyvinyl medium 
sonographically simulating human tissue. In addition, this 
phantom contains anatomical examination and will uptake 
fluoroscopic dye if mistakenly injected (Fig. 4.10). Easy to 
reproduce, this high-fidelity simulation system may improve 
trainee proficiency in needle visualization during combined 
ultrasound-guided and fluoroscopic UGIP.

There is a growing body of evidence along with proven 
benefit for both technical and “hands-on” skill improvement 
when simulation of needle localization during UGIP is intro-
duced in surgery, emergency medicine, interventional radiol-
ogy, and anesthesiology [2–9, 22–24]. To establish the utility 
and cost-effectiveness of technologically advanced simula-
tors, future studies will need to compare high-fidelity vs. 
lower-fidelity models [25]. In addition, there are many other 
medical specialties that have shown the advantage of simula-
tion on improving manual dexterity which may translate into 
improved procedural outcomes. The field of pain medicine is 
rapidly advancing and will surely benefit from incorporating 
simulation into pain medicine education and training that 
may also provide a high-yield strategy for overcoming some 
of the challenges of needle visualization during UGIP.

�Procedural Needle: Related Visibility Factors

�Basic Sonography and Needle Image 
Interpretation

One of the important components of an ultrasound machine 
is the ultrasound transducer (referred to as a probe or scan 

head). This ultrasound probe transmits sound waves, which 
culminate in an acoustic beam that is generated by an alter-
nating electrical field applied to small piezoelectric crystals 
located under the ultrasound transducer surface. Typical 
sound wave frequencies used in UGIP are “ultra” high, 
within the range of 3–15 MHz, thus the terminology of ultra-
sound [26, 27]. The ultrasound beam is directed away from 
the transducer footprint and can penetrate through tissue to 
varying degrees depending upon tissue composition. An 
acoustic beam can penetrate through muscle, tendon, and 
other soft tissues to varying degrees depending upon the den-
sity of the particular tissue, yet sound waves cannot pass 
through extremely dense tissue such as bone. The sound 
waves generated to and through tissue will then be reflected 
back (to varying degrees) to the ultrasound transducer. 
Therefore, an ultrasound image results when the transmitted 
from the ultrasound probe acoustic beam is reflected back to 
the ultrasound transducer. The ultrasound probe serves not 
only as the generator of the ultrasound beam but also serves 
as the receiver of the “echo,” which relays data back to the 
console and display screen to formulate an image. When a 
UGIP intervention is performed, the inserted procedure nee-
dle being used reflects sound waves back to the ultrasound 
probe that then deforms the piezoelectric crystals of the 
transducer to produce an electrical pulse or “echo.” The time 
taken for an ultrasound acoustic beam to return back to the 
ultrasound probe is proportional to the depth at which the 
beam is reflected. This relationship is termed the “pulse-echo 
principle” and serves as the basis for real-time visualization 
of UGIP.  Understanding the basic physics principles of 
sonography will permit the practitioner to continue to 
improve adequate needle visualization during UGIP and 
remains crucial for the performance of safe and effective 
UGIP interventions [26, 27].

Fig. 4.10  Combined 
ultrasound and fluoroscopic 
phantom for cervical 
transforaminal injections. 
This phantom contains 
anatomically correct 
fluid-filled vertebral arteries 
that exhibit pulsed flow under 
ultrasound Doppler 
examination and will uptake 
fluoroscopic dye if mistakenly 
injected through procedural 
needle. The picture 
demonstrates the phantom 
used by a resident physician
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�Acoustic Impedance as the Basis for Procedure 
Needle Visualization

Another essential aspect of needle visualization in UGIP is 
to understand the factors that can change or alter the visibil-
ity of ultrasound images such as acoustic impedance. 
Acoustic impedance of body tissues is dependent on the den-
sity of the tissue and the speed at which the ultrasound beam 
travels through that particular medium. Depending upon the 
particular body tissue that the ultrasound beam may be trav-
eling through, the speed of sound changes and can range 
from 1500 to 1600 m/s. These small variations in ultrasound 
beam speed are responsible for variations in signal intensity 
or brightness. For instance, a part of the procedural needle 
that has been placed in a fluid-filled vessel will produce a 
bright hyperechoic signal because there is a large difference 
between acoustic impedance of each of the structures (needle 
and fluid). If there are marked differences in acoustic imped-
ance between two different tissue types, for example, 
between soft body tissues and a metallic needle or bone, then 
the brighter or more hyperechoic the sonographic signal of 
the needle becomes. This acoustic impedance difference 
between a needle and soft tissue provides an additional basis 
for improved needle visualization.

�Size (Gauge) of the Procedure Needle and Its 
Echogenicity

A larger caliber procedure needle is typically more easily 
visualized under ultrasound than a smaller size diameter 
needle for two important reasons. First, a large gauge (G) 
needle has a greater surface area that produces more signifi-
cant change in acoustic impedance than a smaller G needle, 

and this can translate into a brighter image on the ultrasound 
screen. Second, the greater surface area of a larger G proce-
dure needle can intercept the ultrasound beam, and subse-
quently there is a higher probability that the ultrasound beam 
will be reflected back to the transducer, thus producing a 
brighter signal than smaller G needles (Fig. 4.11). As a result, 
larger gauge needles appropriate for pain management pro-
cedures have been recommended for improved needle visi-
bility during UGIP [28]. However, it must be remembered 
that a larger G procedure needle may be associated with 
more patient discomfort during needle passage through tis-
sue. Although, during a trial performed by Campos et al. to 
treat chronic inguinal pain, a 14 G needle and cryoablation 
probe were used and advanced toward the genitofemoral 
nerve that permitted improved needle visibility under ultra-
sound, patient discomfort was reduced with local anesthetic 
skin infiltration prior to needle passage [29]. Appropriate 
selection of procedure needle G and needle length (discussed 
later in the chapter) should be chosen based upon the UGIP 
task, and it is important to note that a larger G needle does 
not necessarily translate into compromised patient safety. As 
an example, the safety of 21 and 18 G needles was found to 
be the same in an ultrasound-guided spleen biopsy study 
[30].

�The Skin Insertion Site Selected and Angle 
of Procedure Needle Passage

The angle and insertion site selected of a procedure needle for 
initial skin penetration/ insertion plays a critical role in opti-
mizing needle visualization on an ultrasound screen. Poor 
choice of needle insertion site and needle angle with respect to 
the ultrasound probe footprint may prevent optimal, clear, and 

Fig. 4.11  Gauge (G) of the needle and its visibility (a, b). The larger 
the needle, the greater the ultrasound beam reflection which then 
improves needle visualization. Panel (a) shows 21 G needle (arrows), 

while an 18  G needle (arrows) is shown in panel (b). Even small 
increase in needle size makes it more visible. Porcine phantom

4  Ultrasound Technical Aspects: How to Improve Needle Visibility



34

accurate needle visualization on the ultrasound screen. This 
aspect of behavioral training was one of the five quality-com-
promising patterns identified by Sites et  al. during UGIP 
trainee behavior [3]. If the angle of the procedure needle inser-
tion is too steep or acute in relation to the ultrasound probe 
footprint surface, then a smaller or shorter portion of the ultra-
sound beam will be reflected back from the needle to the trans-
ducer resulting in decreased needle visibility (Fig. 4.12) [28]. 
A simple approach suggested to overcome this obstacle is to 
introduce the procedure needle at as much of a perpendicular 
angle of insertion to the ultrasound probe footprint surface/
ultrasound beam direction as possible. To obtain the most opti-
mal sonographic image of a procedure needle, the ultrasound 
beam should approach the needle and be reflected back to the 
ultrasound probe at a perpendicular (90°) angle. When the 
ultrasound probe acoustic beam and procedure needle are at a 
90° angle to one another, the transducer maximizes the recep-
tion of the reflected ultrasound beam from the needle. An 
alternative way to position the procedure needle and ultra-
sound probe as close to 90° to one another as possible is to 
press or tilt the opposite end of the ultrasound transducer using 
the “heel-in” maneuver [31] (Fig. 4.13).

Many regional anesthesia and UGIP procedures are per-
formed with a linear array ultrasound probe. However, the 
linear array probe may produce additional patient discomfort 
during the tilting or heel-in maneuver used to obtain optimal 
procedure needle to ultrasound probe orientation. This 
increased sensitivity to heel-in manipulations may be espe-
cially true for certain chronic pain patients, and a potential 
solution to these patients’ discomfort concern is the use of a 
curvilinear ultrasound probe. The curvilinear probe will per-
mit a relatively painless heel-in maneuver for almost all 
patients while obtaining an excellent procedure needle and 

ultrasound probe orientation and maximizing both tissue and 
procedure needle visualization [32] (Fig. 4.14). However, it 
must be remembered that the curvilinear ultrasound probe 
(more ideal for deeper structures) does not provide an opti-
mal scanning image for more superficial targets as does a 
linear array ultrasound transducer.

The most optimal angle for a procedure needle to the skin 
surface interface is the performance of a needle insertion 
angle range between 30° and 45° [32]. In various clinical 
situations, it may not be feasible to gain this optimal angle 
interface for needle insertion, so echogenic needles have 
been designed to overcome some of these situations (not 
being able to obtain more adequate angles for needle inser-
tion). These echogenic needles can be visualized at small or 
steep angles of insertion to the skin in a range as low as 
15–30° due to special echogenic properties of the procedural 
needles [33].

�Echogenic Procedure Needles

When imaged properly, almost any procedure needle will 
generate an ultrasound image or return an echo under ultra-
sound scanning. However, needles have been designed and 
engineered with special properties to be used in conjunction 
with ultrasound that will enhance and optimize their ultra-
sound image quality and have been termed echogenic proce-
dure needles. Many recent advances have provided additional 
properties in needle technology that will improve needle 
echogenicity. Small angled indentations or notches have 
been created in the needle shaft resulting in an irregular sur-
face of the procedure needle that will increase the scatter of 
ultrasound waves. Theoretically, the irregular or notched sur-

Fig. 4.12  Angle of the needle insertion and its visibility (a, b). The 
steeper the angle of needle insertion, the less the ultrasound beam 
reflection which then worsen the needle visualization. Panel (a) shows 

a steeper angle of insertion, while panel (b) demonstrates abetter vis-
ibility of the same needle, inserted under a lesser angle. Porcine 
phantom
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Fig. 4.13  Probe heel in to change the angle (a, b). The heel-in maneu-
ver increases the angle of incidence from probe to needle improving 
reflection of the needle and improved visualization. Panel (a) demon-
strates an in-plane linear probe approach. Panel (b) demonstrates an 

in-plane heel-in maneuver. Panel (c) demonstrates the needle (arrows) 
appearance with the in-plane linear probe approach. Panel (d) demon-
strates the needle appearance (arrows) with the in-plane heel in 
maneuver

Fig. 4.14  Curved vs. linear probe (a, b). The heel-in maneuver is ergonomically improved with a curved ultrasound probe and has the added advantage of 
causing less patient discomfort. Panel (a) shows the heel-in maneuver with a linear probe. Panel (b) shows the heel-in maneuver with a curved probe
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face of the procedure needle will provide a brighter signal 
and clearer ultrasound image at variable angles of needle 
insertion to the skin (Fig.  4.15). The greater number of 
indentations or notches created in the shaft of a procedure 
needle will possibly translate into improved needle visual-
ization on the ultrasound image screen [34]. However, as the 
number of indentations increases, there is a simultaneous 
increase in the degree of roughness of the procedure needle 
shaft, which may be associated with greater friction at the 
needle-tissue interface. The friction at the needle-tissue 
interface can be disruptive to the process of smooth needle 
movements that are necessary during a nerve block proce-
dure and may prove to be disadvantageous and/or create 
additional patient discomfort [35].

The polymer-encased procedure needle is another techno-
logical advancement which improves needle echogenicity 
[36]. A special polymeric needle coating, treated with a bub-
bling agent, creates microbubbles on the needle shaft surface 
during needle insertion and passage. Therefore, as the proce-
dure needle is advanced into and through tissues, an increase 
in acoustic impedance is created between the tissue-needle 
interface, and this measure may improve needle echogenicity 
and ultrasound image quality (Fig. 4.16). In addition, when 
polymeric-coated needles are used during nerve stimulation 
and targeted nerve localization procedures, the applied poly-
mer coat to the procedure needle shaft serves as an insulator 
for electrical stimulation and minimizes stimulation to tissues 
around the shaft of the procedure needle. The combination of 

Fig. 4.15  Indentation improves reflection of ultrasound (a, b). This 
echogenic needle has indentation on the needle shaft that improves ultra-
sound beam reflection at more variable angles of insertion. Panel (a) 

shows generic nonechogenic needle (arrows) at an acute angle of inci-
dence. Panel (b) shows a grooved echogenic needle (arrows) at an acute 
angle of incidence with improved visibility (Pajunk, USA). Blue Phantom

Fig. 4.16  Polymer-coated vs. nonechogenic needle (a, b). A polymer-coated echogenic needle compared to a nonechogenic needle. Panel (a) 
shows a 21 G nonechogenic needle (arrows). Panel (b) shows a 21 G polymer-coated echogenic needle (arrows). Porcine phantom
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the above described technological advances in procedure nee-
dle design (indentations and polymeric coating) has created a 
basis for development of the modern echogenic needles cur-
rently available on the market (Fig.  4.17). There are other 
engineering innovations currently under development toward 
improving upon procedure needle visibility for UGIP. One of 
these newer approaches consists of installation of a low-fre-
quency generator at the end of the procedure needle, opposite 
to the procedure needle tip [35]. This generator creates large 
amplitude vibrations along the needle shaft making the proce-
dure needle more visible under ultrasound imaging. The effec-
tiveness of this and some other promising needle design 
developments are currently under investigation.

A study by Phelan et al. comparing echogenic needles to 
standard nonechogenic needles did not provide any measur-
able objective performance improvement for UGIP during 
the short-axis approach for interventional procedures [23]. 
One potential disadvantage of a bright echogenic needle is 
the potential for an increase in unwanted shadowing from the 
procedure needle on the ultrasound image as well as some 
other artifacts [31]. To reduce artifact created from the pro-
cedure needle shaft and to further improve upon needle tip 
visualization during UGIP, new technologies are focusing on 
developments to improve needle tip visibility rather than the 
entire needle shaft.

�Procedure Needle Tip

Precise visualization of the UGIP needle tip is of primary 
importance and critical in order to minimize or avoid unin-
tentional vascular injury or injections and other complica-
tions related to nerve and tissue damage created by procedure 
needles. Sites et al. have recently showed that the most com-
mon error of trainees during UGIP occurred, while residents 
were advancing the needle and not maintaining needle tip 
visualization on the ultrasound screen. The additional com-
monly performed errors were inadequate needle visualiza-
tion and identification of the needle tip during intramuscular 
injections, which have been identified as one of the five 
quality-compromising patterns of resident behaviors during 
UGIP techniques [3].

The procedure needle tip bevel will usually scatter the 
ultrasound beam because of the irregularity of the needle tip 
surface compared to the needle shaft and also because of the 
less steep angle of the needle tip compared to the proximal 
needle shaft. It was secondary to the realization that the pro-
cedure needle bevel up position improved needle tip visual-
ization of the ultrasound image that introduced the 
development of grooved shaft echogenic needles (Fig. 4.18). 
Other additional technological advances have been devel-
oped toward improving upon procedure needle tip visibility 
and ultrasound image quality. A special transducer-receiver 
placed at the tip of the needle has significantly improved 
needle tip visualization in one study [37]. The sensor placed 
on the needle tip was made of a piezoelectric polymer that 
detected ultrasound waves and converted them into an elec-
trical signal that was transferred back to the ultrasound probe 
receiver to aid the image quality of procedure needle tip 
positioning. Unfortunately, this transducer-receiver needle 
tip design device malfunctioned in 4 of 16 patients and has 
not been widely used. However, there are other new proto-
types of advanced piezoelectric needle designs that have 
been developed. Placement of a piezoelectric actuator on a 
customized 18 G insulated Tuohy needle has permitted better 
distal needle tip visualization in one recent study [38].

There has also been a marked and increased echogenicity 
achieved by creating dents or larger irregularities in only the 
needle tip and sparing of the procedure needle shaft. The 
placement or incorporation of these notches in procedure 
needle tips is created in a fashion similar to that of the design 
for increased texture needle technology described above. 
These notched tip procedure needles act to highlight the nee-
dle tip echogenicity from the remainder of the needle shaft, 
and as a result, the needle tip is more visible under ultra-
sound imaging (Fig. 4.19).

Superior needle tip image quality design and needle shaft 
image visibility are the factors to be considered for an ideal 
procedure needle for nerve blocks and UGIP techniques. 
Another factor that is paramount for an ideal UGIP needle 

Fig. 4.17  Needle with indentations, covered with polymer (a, b). 
These are samples of neurostimulation needles with combined poly-
meric coating and indentations in the shaft which further improve nee-
dle echogenicity and subsequent visualization. Panel (a) A Braun, B 
Havels, C Pajunk needles. Panel (b), a sample of echogenic needle with 
neurostimulation properties (B Braun)
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would be its versatility. The UGIP needle should be useable 
for all types of tissue, be easily visualized at any angle, main-
tain a sharp depiction of the needle rim, produce low artifact 
formation without shadowing, and contain qualities that 

maintain good detection and differentiation from the sur-
rounding tissues and structures [39]. Many of the currently 
used echogenic needles tested are still far from an ideal echo-
genic design. However, recent technological advances are 
rapidly closing the gap between the current echogenic needle 
design and the ideal echogenic needle to be used during 
regional anesthesia and UGIP procedures [40].

�The Ultrasound Device and Procedure 
Needle Visibility

�Ultrasound Imaging Artifacts and Procedure 
Needle Visibility

Ultrasound imaging of needle visibility depends not only 
upon the properties of the procedure needle used but also 
upon the technology and capabilities of both ultrasound 
transducer and ultrasound machine. The ultrasound probe 
image resolution that results during an ultrasound examina-
tion is dependent on the piezoelectric crystal density of the 
scan head, its crystal type, and the transducer’s receiver 
properties. Ultrasound image resolution is also dependent 
upon the power of the ultrasound machine image processor 
[31, 41]. Advances in both ultrasound transducers and ultra-
sound image processor technologies continue to assist the 
practitioner in procedure needle visualization; however, it is 
imperative that the practitioner gains knowledge of potential 
artifacts from needle imaging and experience in its 
interpretation.

Fig. 4.18  Bevel up vs. bevel down or bevel at the side (a, b). The bevel 
up position provides improved visualization of the needle tip because 
the ultrasound beam is maximally reflected in this position. Panel (a) 
shows a bright needle tip when the needle is in bevel up position 

(arrow). Panel (b) shows the exact same needle rotated to bevel down 
position and demonstrates worsened visualization of the needle tip 
(arrow)

Fig. 4.19  Echogenic tip. This Havels echogenic tip needle utilizes 
grooves in the needle tip to improve needle tip echogenicity. Panel (a) 
shows the Havels needle with grooves in the distal needle tip. Panel (b) 
shows the highly echogenic needle tip within an ultrasound phantom 
(arrow). Blue Phantom
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Sonographic artifacts related to acquiring and process-
ing of the image by an ultrasound machine may impair both 
tissue structures and procedure needle visibility in various 
ways. In some cases, a hyperechoic target may appear 
hypoechoic or anechoic when the returning ultrasound 
sound waves are degraded, which can be an effect of acous-
tic beam misalignment and is termed anisotropy. Anisotropy 
can be secondary to aberrant reflection and/or refraction 
(described below) and remains independent of operator 
acoustic beam misalignment. Reflection from a smooth sur-
face, such as a procedure needle, is termed specular reflec-
tion. Reflection from an irregular surface can cause 
dispersion of the ultrasound beam with subsequent degra-
dation of the received ultrasound signal, which is termed 
scattering (Fig. 4.20). Scattering can cause image degrada-
tion and artifact; however, scattering may be used to an 
advantage with the newer developed echogenic procedure 
needles. When multiple surfaces reflect an ultrasound 
acoustic beam between each other and the ultrasound trans-
ducer, it is termed reverberation (Fig. 4.21). If ultrasound 
sound waves are deviated from its path of incident and then 
reflected from a deeper structure, it is termed refraction. 
Attenuation is another factor that can cause ultrasound 
acoustic beam degradation. Attenuation is described as a 
decrease in ultrasound signal strength or amplitude as it 
passes through certain tissue types and can be caused by 
many of the above listed factors including reflection, refrac-
tion, and scattering. The additive or distorting effects of 
attenuation, aberrant reflections, and less so with refraction 
can distort the displayed ultrasound image and may lead to 
an inability to correctly identify both the procedure needle 
and surrounding anatomical structures as well as needle 
proximity to other tissue structures.

�Impact of Various Sonographic Modes 
on Procedure Needle Visibility

�Compound Spatial and Frequency Image 
Reconstruction Following Acoustic Beam 
Steering and Variable Frequency
A commonly used solution to overcome the problem of deflec-
tion created by an ultrasound signal reflected from a procedure 
needle is to use a beam steering sonographic system that 
enables the production of compound spatial imaging. Beam 
steering ultrasound systems essentially steer the acoustic beam 
reflected away from the procedure needle back to the ultra-
sound probe by altering the internal ultrasound beam angle of 
incidence (Fig. 4.22). Older ultrasound probes are limited to 
mechanical steering, but the newer modern sonographic 
machines, with broad bandwidth transducers, have specific 
functions that can change the transmit focus. Broad bandwidth 
transducers permit the ultrasound probe to produce and accept 
ultrasound signals at different angles in automatic mode that 
can produce an improved sonographic image [42].

Compound spatial imaging is achieved by computational 
process. This is performed by mechanical beam steering that 
then combines three of more frames from different steering 
angles into a single frame. Compound spatial imaging allows 
greater clarity, resolution, and better procedure needle con-
tour definition [43].

Frequency compound sonography obtains scans from sev-
eral different frequencies, producing variable speckle artifact 
patterns in each frame. The frames produced are then aver-
aged, which reduces the speckle and grainy appearance 
observed in conventional sonography. This result is an 
improved anatomical ultrasound image of tissue structures, 
but not a procedure needle imaging quality enhancement [44].

Fig. 4.20  Scattering decreases needle visibility. Needle scatter can 
decrease the visualization of needle. The red arrows represent ultra-
sound beam scatter, which can cause artifact and worsen needle (blue 
arrows) visualization. Here the needle is inserted in a water bath

Fig. 4.21  Reverberation decreases needle visibility. Reverberation can 
cause reflection of the needle off the structures below and can impair 
needle visualization. Here the needle (blue arrows) is placed in a surgi-
cal gel pad phantom, and there is clear artifact termed reverberation 
(red arrows). Surgical gel phantom

4  Ultrasound Technical Aspects: How to Improve Needle Visibility



40

�Frequency of the Ultrasound Probe (AKA Depth) 
Acoustic Power and Gain
The ultrasound probe most commonly used during UGIP is a 
5–10-MHz frequency transducer. This particular ultrasound 
scan head frequency is known to provide good spatial resolu-
tion for nerves and nerve plexus at 1–5  cm depth [45]. A 
lower frequency, 2–5 MHz, ultrasound probe is often used to 
visualize deeper nerve and nerve plexus structures. However, 
resolution of both anatomical structures and the procedure 
needle becomes less definitive at increasing depth and use of 
lower-frequency ultrasound transducers. The higher-
frequency ultrasound probe, with transducer frequencies of 
up to 18 MHz, is most often used for interventions on the 
most superficial structures such as nerves of the hand and 
forearm [46]. Ultrasound device controls that can adjust 

depth, acoustic power, and gain will permit an option(s) to 
focus the ultrasound beam to an optimal level and provide an 
improved ultrasound image. However, this adjustment poten-
tial of the ultrasound machine may have only a limited 
impact on procedure needle visibility outside of its regular 
optimization of the sonographic image.

�Time Gain Compensation and Harmonic Imaging
Time gain compensation control options on an ultrasound 
machine will permit adjusting image brightness at variable 
depths. In addition, changes and adjustments made in gain 
compensation may minimize many of the sonographic arti-
facts produced when the ultrasound acoustic beam travels 
through the skin and other superficial layers. The time gain 
compensation control option may not only reduce noise pro-
duced by tissue artifacts but can also reduce artifact from the 
paramount signal of the procedure needle.

Another function of the more modern ultrasound devices is 
harmonic imaging. This function provides the ability to sup-
press reverberation and several other types of noise artifact 
produced by skin and body wall structures. Harmonic imaging 
technology is based on an understanding that body tissues pro-
duces a weak but a usable harmonic signal that can be detected 
and amplified by the sonographic unit. Harmonic imaging 
capability then uses these detected harmonic signals and 
applies low-frequency high-amplitude noise that can be used 
to improve an ultrasound image [47]. The reports resulting 
from harmonic imaging of procedure needle visualization are 
mixed and vary from superior ultrasound imaging to proce-
dure needle images that are considered inferior when com-
pared with a conventional ultrasound device without harmonic 
imaging capability [44, 48]. The impact of the new type of 
harmonic imaging, broadband techniques, is to be explored.

�Brightness, Motion, and Doppler Modes
Conventional B-mode (B stands for brightness) serves as the 
currently used gray-scale sonographic device modality, typi-
cally used when performing UGIP.  M-mode (M stands of 
motion) ultrasound machines are used to evaluate the move-
ment of structures within the body. Typically, modern ultra-
sound machines display the M-mode image adjacent to a 
smaller version of the original B-mode image on the display 
screen. When using 2D ultrasound devices, M-mode is 
focused on the targeted structure and will display its move-
ment over time in the form of an undulating line that is 
altered according to the moving tissue structures. M-mode 
has limited use during UGIP, and it does not affect or improve 
upon procedure needle visibility.

A third imaging modality equipped in modern ultrasound 
machines is the Doppler mode, comprised of Doppler sensitiv-
ity and power Doppler. Doppler mode capability can differen-
tiate blood flow in blood vessels from other similar looking 
tissue structures and can be utilized to theoretically prevent 
unintentional vessel penetration or trauma by a procedure nee-

Fig. 4.22  Beam steering may improve needle visibility. Beam steering 
improves needle visualization by increasing the angle of incidence 
between probe and needle and therefore increasing needle visibility. On 
panel (a) the beam is not steered toward the needle, and fewer of the 
ultrasound beams in blue are reflected, in red, back to the transducer. 
On panel (b) the ultrasound beams in blue are steered toward the needle 
and reflected back in yellow
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dle since the blood vessel can be identified (Fig. 4.23). Doppler 
capabilities may also be used to enhance procedure needle 
imaging quality and clarity in conjunction with other methods 
and tools described in the “enhancement” section.

�3D and 4D Ultrasound Imaging
Typical 2D ultrasound imaging captures and displays a flat 
ultrasound image in two planes and is analogous or similar to 
current fluoroscopy. 3D ultrasound technology captures images 
in multiple planes and at different angles. The resulting 3D 
ultrasound image can then be displayed in a 3D representation 
or schema of scanned structures. Advantages of static 3D imag-
ing are described by Clendenen et al. when comparing differ-
ences between plain radiographic imaging (analogous to 2D 
sonography) and conventional computer tomography (analo-
gous to static 3D ultrasound imaging) [49]. 3D ultrasound imag-
ing in real time (dynamic 3D and sometimes termed as 4D 
imaging) adds time as a fourth axis to traditional X, Y, and Z 
dimensions. Dynamic 3D imaging (4D) allows for real-time 
tracking of an intervention that is comparable to real-time CT or 
MRI technologies, but with levels of simplicity, safety, and cost 
which are difficult to compare. Current 4D ultrasound technol-
ogy has limitations related to scanning and visibility of superfi-
cial interventions that is based on the same current limitations 
that are associated with 3D ultrasound probe frequency [49]. 
However, we have recently witnessed significant improvements 
in ultrasound technology and anticipate that such technology 
will continue to rapidly improve.

Initially, 3D ultrasound imaging was produced by a free-
hand move of the regular 2D ultrasound probe over the skin. 
This maneuver was then followed by a reconstruction proce-
dure that is similar to one used in computed tomography, but 
is cumbersome and time intensive [50]. Despite the 

introduction of special 2D transducers fitted with a rotating 
receiver inside the ultrasound probe and providing excellent 
biplane and multiplane 3D images, the image reproduction is 
static and not imaged in real time. With 4D ultrasound imag-
ing, there is a small but noticeable lag in the real-time 3D 
image of the procedure needle. In addition, there have been no 
obvious benefits reported in terms of better procedure needle 
visualization with the special 2D ultrasound transducers [31], 
and these transducers are cumbersome for UGIP purposes.

Current technological limitations of 3D ultrasound trans-
ducers are derived from the difficulty in producing small and 
maneuverable ultrasound probes that are capable of housing 
the necessary and advanced scanning mechanical machinery 
(Fig.  4.24). However, real-time tracking of procedure nee-

Fig. 4.23  Doppler may help to prevent inadvertent vessel penetration 
or intravascular injection (a, b). Using Doppler can assist in the visual-
ization of vessels to be avoided when undergoing ultrasound-guided 
procedures. Panel (a) shows the detection of blood flow with Doppler in 
the vertebral artery (red arrow) at the level of cervical spine C7  in a 

prone position. Panel (b) shows a needle (white arrows) avoiding the 
prior identified vessel (red arrow) on Doppler ultrasound in a lateral 
position. Combined ultrasound and fluoroscopic phantom for cervical 
transforaminal injections

Fig. 4.24  3D needle ultrasound and needle visibility. This is a 3D 
ultrasound probe. Currently 3D ultrasound probes are larger than their 
2D counterparts. However, newer, smaller 3D ultrasound probes are in 
development
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dles with these types of ultrasound transducers could be 
potentially superior to images produced by current sono-
graphic technologies, especially in experienced hands 
(Fig. 4.25).

Another recent advance in 3D ultrasound technology is 
the matrix array transducer. Creation of 3D and 4D ultra-
sound images has been developed independent of the 
mechanically steered array ultrasound probe with the use of 
a matrix array transducer. These probes are smaller and 
lighter and have better ergonomic profiles. The development 
of matrix array ultrasound transducers has resulted in smaller 
transducers while also increasing speed of data acquisition 
and processing by roughly three times faster than a conven-
tional mechanically steered array ultrasound transducer. This 
translates into a true 4D experience and could lead to 
improved transducer maneuverability and procedure needle 
visualization [49, 51].

�Recent Advances in Ultrasound Imaging 
and Procedure Needle Visibility

Complex signal processing, broadband transducers, 
increased scanner bandwidth, upgradable software, and other 
recent technological developments have made investiga-
tional improvements in ultrasound image quality [52–54]. 
Increasing ultrasound beam frequency of sonographic sys-
tems up to 50 MHz could lead to improved image quality, 
especially when the UGIP target structures are superficial or 
during UGIP in the pediatric patient population [55]. 
Combining ultrasound with other imaging technologies 
including fluoroscopy, computed tomography, and magnetic 
resonance imaging [56, 57] may represent a high-yield strat-
egy for better localization of procedure needles during an 
UGIP intervention. One of the newest dual imaging systems 
currently being developed is a photoacoustic and ultrasound 
imaging combination [58]. These advances along with other 

technologies in sonographic imaging are in transition from 
research to possible clinical implementation, and the impact 
of these technologies on procedure needle visibility is yet to 
be determined.

To obtain optimal procedure needle sonographic image 
visibility, it is first important to acquire manual dexterity, 
apply the advanced ultrasound technologies, and maintain 
experienced needle/ultrasound transducer manipulations. 
Additional measures to assist in providing improved proce-
dural needle visualization are automatic optimization tech-
nologies of the ultrasound image that have been developed 
and are available on modern ultrasound machines. These 
automatic optimization technologies permit the practitioner 
to choose between preset modes optimized to visualize cer-
tain tissues and structures such as vascular, muscular, breast, 
and others [59]. Recent advances in sonographic border 
detection have resulted in technology that can identify and 
assume automatic color marking of nerves (yellow), muscles 
(brown), arteries (red), and veins (blue) and will possibly be 
available in the near future [60, 61].

Incorporation of UGIP systems into the Internet network 
may provide specific clinical benefits by permitting real-time 
online consultations by pain management specialists, target 
structure imaging enhancement suggestions, procedure nee-
dle visualization assistance, and confirmation provided by 
experienced ultrasound practitioners [62]. However, image 
optimization of sonographic target structures does not auto-
matically provide adequate procedure needle visibility. Even 
despite the many advances made toward ultrasound imaging 
technological improvements, it has not always translated 
into better procedure needle visualization [31]. One probable 
explanation for the dissociation between targeted structure 
ultrasound imaging optimization and advances toward pro-
cedure needle visualization improvement is that traditional 
application of ultrasound in medicine is typically focused on 
imaging and diagnosis. Although there continues to be some 
efforts achieved and attempts made to improve upon sono-

Fig. 4.25  3D image of the 
needle in the phantom. Here, 
a needle is visualized within 
an ultrasound phantom under 
3D ultrasound in real time, 
also termed 4D ultrasound. 
The needle is clearly 
visualized in 3D on the left 
(left red arrow) and is less 
visible under conventional 
ultrasound on the right (right 
red arrow)
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graphic systems so that they may be adjusted to permit inter-
ventional instruments and procedure needles to produce 
more optimal visibility under ultrasound imaging. 
Unfortunately, such systems have usually been limited 
toward improving upon sonographic visualization of surgical 
instruments or computer-assisted imaging units and develop-
ment of robotic systems for UGIP [63–66]. The advance-
ments in ultrasound technology and improvement in 
development of procedure needles for UGIP seem to be 
somewhat disconnected, possibly due to the narrow special-
ization of procedure needles and ultrasound machine manu-
facturers. However, this gap has recently been reduced due to 
the fact that there are a growing number of improved proce-
dure needles and UGIP being developed across several dif-
ferent fields of medicine. There have been advances in 
developing technology that can diminish sonographic arti-
facts produced by the gas of radiofrequency ablation and 
those created during interventions associated with cryoabla-
tion that remain pertinent to pain medicine [29, 67].

There are reasons to believe that a concerted coordination 
of effort toward procedure needle and sonographic equip-
ment manufacturers to improve upon needle visibility for 
UGIP interventions is underway. Such development efforts 
will likely translate into an association with sonographic 
technology designed specifically for the growing field of 
interventional pain medicine and may represent a promising, 
practical, scientific, and business niche for the specialty. The 
current important issue that remains a crucial variable is the 
need to develop further technology that will improve upon 
consistently securing appropriate alignment of the procedure 
needle with the ultrasound transducer. This continues as one 
of the important aspects of UGIP and interventional pain 
medicine that, if mastered, will in the end produce a success-
ful interventional procedure for the patient [31].

�Needle-Probe Alignment

�Need for Procedure Needle and Ultrasound 
Probe Alignment

A typical ultrasound beam width that is emitted from an 
ultrasound probe is only about 1 mm (Fig. 4.26). Therefore, 
imaging a procedure needle can often be complicated as a 
result of misalignment of the ultrasound beam and the needle 
during an “in-plane” technique of regional anesthesia and 
UGIP procedures. It remains relatively easy for the proce-
dure needle to deviate from under the narrow ultrasound 
beam, so diligence remains necessary as even small move-
ments of the ultrasound probe or needle will result in the loss 
of the procedure needle image on the ultrasound screen. As a 
result of an inability to maintain the ultrasound image of a 
procedure needle, both regional anesthesia and UGIP tech-
niques may lead to prolonged procedure times or result in an 

increased complication rate due to unintentional tissue and 
structural damage. Therefore, successful ultrasound proce-
dure needle visualization remains important, and careful 
needle positioning, advancement, and manipulation in rela-
tion to the ultrasound probe are of critical importance [4, 31].

�.“In-Plane” and “Out-Of-Plane” Needle 
Approach: Classical Probe-Needle 
Interpositions

Several strategies have been suggested for procedure needle 
ultrasound visualization and imaging, yet there are two clas-
sical techniques known as the “in-plane” (IP) approach and 
the “out-of-plane” probe footprint. The IP approach is based 
on a concept of procedure needle visualization as a hyper-
echoic bright line. The OOP approach is achieved by insert-
ing the needle under, midline, (usually) and perpendicular to 
the ultrasound probe footprint in a short axis to the ultra-
sound beam where the needle tip/shaft appears as a bright 
hyperechoic dot (Fig. 4.27).

An identified disadvantage of the IP approach that is often 
cited is that the procedure needle can more easily deviate away 
from the narrow ultrasound beam and result in or cause poten-
tial complications and lengthen block procedure time if the 
needle cannot be imaged throughout the selected pain man-
agement intervention. Another potential disadvantage of the 
IP approach is the associated reverberation created from the 
long axis of the needle shaft that may impair detection of 
structures below the imaged procedure needle shaft. A disad-
vantage of the OOP approach is associated with an inability or 
increased difficulty to accurately follow the procedure needle 
to the selected target. Another complication associated with 

Fig. 4.26  The need for alignment. The ultrasound probe (blue arrow) 
emits a very narrow beam (rounded shape) close to 1 mm width (red 
arrows) which widens with distance from the probe. This small area can 
make it difficult to visualize the needle (black arrow) if it is misaligned. 
Tofu phantom
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the OOP technique is lack of assurance or inability to confirm 
whether the hyperechoic dot seen on the ultrasound image is 
an approximation of the procedure needle tip or an approxima-
tion of the needle shaft. An important consideration when 
comparing or selecting between the two techniques (IP or 
OOP) is that the IP approach requires two to three times more 
needle length insertion to reach the desired target when com-
pared to the OOP approach along with the associated potential 
to create additional patient discomfort. It remains clear that 
there are some drawbacks to both IP and OOP procedure nee-
dle approaches when performing regional anesthesia and 
UGIP. Therefore, gaining experience with both approaches is 
necessary in order to select the most appropriate technique for 
each particular procedure. As an additional alternative, the 
oblique plane approach is yet another technique that may be 
considered when selecting ultrasound-guided pain manage-
ment in a search to minimize or eliminate some of the draw-
backs from either an IP or OOP approach for procedure needle 
visualization [68].

�Oblique Plane Needle Approach 
for Ultrasound-Guided Pain Management

The oblique plane approach is achieved by viewing the target 
anatomical structures (including nerves and vessels) in the 
short axis and places the procedure needle in long axis to the 
ultrasound probe. This approach permits the operator to 
obtain an optimal view of the underlying target and sur-
rounding structures while maintaining continuous visualiza-
tion of procedure needle and needle shaft during movement 
and manipulation [68, 69] (Fig.  4.28). The oblique plane 
approach has been found to be useful in certain procedures 
where the target nerve may be traditionally difficult to visu-
alize. As an example of such a situation, the femoral nerve 
(lateral and inferior to the femoral artery) typically has a fat-
tened shape as it is wedged between the iliacus muscle and 
hyperechoic fascia that may lead to some degree of obstruc-
tion of an optimal sonographic view. The oblique approach 
often retains the advantages of the OOP technique while 

Fig. 4.27  In-plane (IP) and out-of-plane (OOP) techniques. This is 
the in-plane technique. The needle is held inserted parallel to the 
probe (a) and is seen (white arrows) in the long axis on ultrasound 
(b). The out-of-plane technique is demonstrated in panel (c). The 

out-of-plane approach is achieved by inserting the needle in the 
short axis of the beam, and therefore the needle tip (white arrow) 
appears as a bright hyperechoic dot (d). N sciatic nerve above popli-
teal fossa
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enabling a clearer view of the procedure needle shaft and tip 
during advancement [68].

�Biplane Needle Imaging Approach 
for Ultrasound-Guided Pain Management

Some of the 2D ultrasound units and machines with 3D 
capabilities permit combining images in different planes (in 
“real time”) on the same ultrasound screen. This allows the 
practitioner to observe both anatomical structures and the 
needle in two or more planes simultaneously. For example, a 
vessel could be viewed in either long axis or a transverse axis 
at the same time on a split ultrasound screen display. A 
biplane transducer is used for 2D ultrasound, and 3D ultra-
sound probes produce multiplane images. Both bi- and mul-
tiplane imaging techniques may have great potential for 
improving needle visualization and UGIP procedures, but as 
the technology is still relatively new, its utility has yet to be 
established. However, the biplane imaging capabilities are 
unlikely to replace the cornerstone techniques of basic pro-
cedure needle and transducer alignment, which greatly 
improve needle tip and shaft visibility [26].

�Mechanical and Optical Procedure Needle 
Guides

The importance of procedure needle alignment with the 
ultrasound probe beam has prompted the consideration and 
development of various types of guides for needle stabiliza-
tion and for needle path direction. These procedure needle 
guides are intended for alignment and synchronization of the 

needle with the ultrasound transducer probe position and 
essentially keep the needle path under the ultrasound beam. 
Several types of procedure needle guides have been described 
such as the mechanical needle guide that is a device attached 
directly to the ultrasound probe and used for aligning the 
procedure needle so its trajectory remains under the ultra-
sound beam. Such procedure needle guide devices are 
designed to match with specific types of ultrasound probes 
and with the intent that as the procedure needle is being 
advanced, it will be directed in a path under the ultrasound 
beam (Fig. 4.29). Initially, these types of guide devices were 
introduced into clinical practice for the performance of biop-
sies, and the guide devices helped to facilitate procedures 
performed by less experienced practitioners [70]. The devel-
oped ultrasound guide procedure needle devices are rou-
tinely mentioned in the literature as it describes techniques 
for optimizing needle visualization under ultrasound for 
regional anesthesia [26].

Mechanical needle guidance has shown to significantly 
(2×) reduce the time necessary to safely perform UGIP pro-
cedures. Use of such devices has also demonstrated superior 
needle visualization when tested by inexperienced residents 
performing simulated UGIP procedures on porcine phan-
toms. Needle visibility proved to be approximately 30% bet-
ter with the use of mechanical procedure needle guide 
devices, and trainees ranked their satisfaction with needle 
guidance devices significantly better than “freehand” tech-
niques [13, 71]. However, the routine performance of UGIP 
typically requires frequent adjustments in needle path 
direction(s) that could be a potential drawback of a rigid 
mechanical guide device. It may not be easy to achieve opti-
mal visualization of surrounding tissue, nerve target struc-
tures, and procedure needle direction with use of a rigid 

Fig. 4.28  The oblique plane technique (a, b). The oblique plane 
approach is achieved by viewing the short-axis view to visualize the 
target anatomical structures including nerves and vessels but places the 

needle in long axis to the probe. Panel (a) shows the needle and probe 
positioning for the oblique view. Panel (b) shows the image of the nee-
dle (arrows) on ultrasound in the oblique view. Blue Phantom
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mechanical needle guide device since it is often necessary 
and required that dynamic needle adjustments are performed 
during UGIP [31]. Therefore, the role of rigid mechanical 
needle guide devices for facilitation of procedure needle 
visualization during pain management interventions and pro-
cedures is still yet undetermined [31].

Adjustable mechanical needle guide devices have been 
developed and trialed in order to overcome the drawbacks of 
rigid mechanical devices [72]. Various types of mechanical 
devices to guide procedure needles have created a basis and 
prompted the production of robotic-guided UGIP systems. 
However, practical applications of robot-guided approaches for 
UGIP currently appear to be limited. A potential solution for the 
shortcomings of the various needle guide devices was devel-
oped and described by Tsui by means of a laser system-based 
device. The laser guide device is designed to facilitate UGIP 
needle and ultrasound probe alignment [73]. This optical proce-
dure needle guide is comprised of a laser beam allowing easy 
adjustment of the procedure needle position as needed 
(Fig. 4.30). It has been determined that this optical needle guide 
provides an unambiguous visual trace of accurate needle-beam 
alignment and may therefore be useful in teaching and develop-
ing bimanual coordination for trainees. Longer procedure nee-
dles are typically necessary when using this laser device since a 
larger portion of the procedure needle shaft should protrude 
from the skin during the UGIP procedure so as to permit align-
ment of the needle and laser beam [31].

�Advanced Procedure Needle Positioning 
Systems

Most experienced practitioners who use ultrasound prefer to 
perform UGIP using “freehand” techniques in which the 

operator can freely manipulate the ultrasound transducer 
with one hand and procedure needle with the other hand. The 
freehand technique affords flexibility in positioning the pro-
cedure needle during its placement and advancement toward 
the targeted structure(s) [31]. Even for an experienced prac-
titioner, it can sometimes be difficult to maintain both the 
needle and target in view while avoiding various tissue struc-
tures, blood vessels, and other nerve structures [2–4, 74].

One potential solution toward improving a practitioner’s 
guide of predicting a procedure needle trajectory is an 
advanced positioning system that uses optical or electromag-
netic tracking systems [75–78]. This particular tracking sys-
tem uses a sensor attached to an ultrasound probe and another 
sensor attached to the procedure needle’s hub. This device 
uses an electromagnetic tracking system and performs calcu-
lations that can predict procedure needle trajectory that is 
then extrapolated and displayed (on the screen) as an estima-
tion of a procedure needle anticipated path.

The initial developments for the electromagnetic tracking 
system were described as separate units that were designed 
to acquire ultrasound images from conventional ultrasound 
machines that have an output port [79]. This kind of position-
ing system would recreate sonographic images obtained 
from the ultrasound machine and combine this actual image 
with predicted needle path on the separate screen. The latest 
technology permits incorporating advanced positioning sys-
tems into current ultrasound machines (Fig.  4.31). Most 
sonographic equipment manufacturers are actively develop-
ing this particular type of technology for advanced position-
ing procedures that are to be used in UGIP for 2D, 3D, and 
4D systems. Combined ultrasound and CAT scan or ultra-
sound and MRI radiofrequency ablations along with other 
pain medicine interventions may employ advanced interven-
tional tool positioning systems in the near future [66, 77].

Fig. 4.29  Mechanical needle guides (a, b). Mechanical needle guides can improve needle visibility significantly by stabilizing both transducer 
and needle. Panel (a) shows the CIVCO mechanical needle guide. Panel (b) shows the needle (arrows) under mechanical guidance
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�The “ART” of Scanning for Better Procedure 
Needle Visualization

Advances in needle positioning systems that permit UGIP to 
become more efficient, interactive, safe, and objective such 
that it will likely compensate for some of the current difficul-
ties and shortcomings in learning UGIP will continue to 
develop. However, it is unlikely that such a positioning sys-
tem will replace currently practiced needle-transducer align-
ment skills as they will remain an integral part of UGIP 
performance. Marhofer and Chan described various move-

ments of the ultrasound transducer that can improve proce-
dure needle tip visualization, and they emphasize that such 
movements of the transducer and needle should be deliberate 
and slow. Marhofer and Chan further emphasize that the 
practitioner move or manipulate only one part of the system 
at a time (i.e., only move the ultrasound transducer or the 
needle to optimize procedure needle tip visualization). These 
slow and deliberate movements should be kept separate or 
independent from one another (move either needle or probe) 
in order to minimize repositioning steps or maneuvers (probe 
sliding, tilting, rotating) that may prolong UGIP perfor-

Fig. 4.30  Optical needle guide (a, b). The Tsui device enhances nee-
dle visualization by improving alignment. Panel (a) shows the Tsui 
device clearly demarcating the angle of entry and the needles in relation 

to the probe with the light beam (red). Panel (b) shows the needle 
(arrows) insertion under the optic guide guidance

Fig. 4.31  Ultrasound (US) advanced positioning systems (a, b). US 
advance positioning systems use optical or electromagnetic tracking 
technologies that calculate the needle projection which is then dis-
played as a prediction of needles future path on the screen. Panel (a) 
shows the needle in an in oblique plane approach (blue arrow + green 
arrow) and extrapolates the direction of the needle shown by the dotted 

green line. The tip of the needle is marked by device red arrow. Panel 
(b) shows the needle in an out-of-plane approach and again extrapolates 
the direction of the needle (blue arrow) shown by a dotted green line 
(green arrow). Again, the needle tip is marked by device (red arrow). 
Ultrasound GPS, used with permission of Ultrasonix. Blue Phantom
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mance. The chapter continues to describe the “ART” of ultra-
sound scanning techniques as a useful tool for effective 
ultrasound transducer movements where (1) sliding is 
referred to as alignment (A), either in plane or out of plane as 
the transducer slides on the skin surface, (2) rotation (R) 
refers to clockwise and counter clockwise movement of the 
ultrasound transducer, and (3) tilting (T) refers to angling the 
transducer to maximize the ultrasound beam signal to main-
tain as best as possible an angle of incidence at 90° (Fig. 4.32).

�Ergonomics for Better Procedure Needle 
Visibility

Unintentional or nondeliberate ultrasound probe movement 
was found to be the second most common error performed 
by trainees during regional anesthesia and UGIP procedures 
[3]. A satisfactory ultrasound image of target structures (e.g., 
nerve) and procedure needle could be easily and quickly lost 
with even minor or small manipulations (sliding) of the ultra-
sound probe that has been prepared (placed in ultrasound 
gel) for regional anesthesia and UGIP.  These seemingly 
minor or small ultrasound probe movements, caused com-
monly during attempts to reach for supplies or poor ergo-
nomics, for example, are errors that must be considered to 
avoid prolonging UGIP procedure performance. Sites et al. 

demonstrated that novice practitioners created errors 
(approximately 10%) that comprised of poor ergonomics 
and operator fatigue [3]. Operator fatigue during UGIP typi-
cally presented as the need to switch hands holding the ultra-
sound probe during the performance of a procedure, the need 
for use of both hands on the ultrasound probe, and hand 
tremors or shaking. These fatigue issues and small or minor 
ultrasound probe movements may potentially further com-
promise procedure needle visualization as well as UGIP effi-
ciency and success.

In order to overcome some issues compromising UGIP 
success, the ultrasound probe should be manipulated, and 
measures should be taken to properly stabilize ultrasound 
probe positioning while also taking steps to minimize opera-
tor fatigue. To improve ultrasound probe stabilization tech-
niques, the operator should use freehand techniques during 
UGIP procedures. Freehand techniques are performed by 
having the operator’s ultrasound transducer hand function as 
both ultrasound transducer stabilizer and for localizing and 
maintaining the target structure on the ultrasound image 
screen. The practitioner may also consider using the resting 
fingers of the hand used to hold the ultrasound probe to apply 
pressure downward which may minimize probe movement 
and reduce operator fatigue (Fig. 4.33). The freehand tech-
nique may also lessen slipping of the ultrasound probe on the 
gel-covered skin surface.

Fig. 4.32  Probe and needle alignment by rotation, sliding, and tilting. 
Probe and needle alignment by rotation, sliding, and tilting are all 
important factors in successful needle visualization. Panel (a) shows the 

probe and needle aligned in the in-plane technique. Panels (b) and (c) 
rotate the probe clockwise and counterclockwise. Panels (d) and (e) tilt 
the probe forward and back. Blue Phantom

D. Souza et al.



49

When performing UGIP procedures, it is always useful to 
do a preprocedural ultrasound scan of targeted structures and 
surrounding tissue area and then mark or identify (on the 
patients skin) optimal probe position outlining the ultrasound 
probe footprint positioned where the most ideal target image 
is best visualized. This quick, easy, and beneficial measure 
may minimize or avoid excessive ultrasound probe and nee-
dle movements during UGIP intervention that could translate 
into inefficient and time-consuming UGIP procedures as 
well as possible unintentional structural damage (Fig. 4.34). 
To further optimize procedure needle ultrasound visualiza-
tion and decrease operator fatigue, simple measures should 
be taken to improve practitioner ergonomics. Some simple 
measures to improve operator ergonomics are to prepare all 
the necessary supplies before the ultrasound probe is pre-
pared and placed in a sterile sheath as well as raising the 
patient’s bed height to maintain proper operator posture. To 
further improve procedure needle and ultrasound probe 
alignment, in addition to decreasing operator fatigue, there 
are special carts designed for UGIP, ultrasound adhesive 
gels, and stabilizing mechanical arms to minimize ultra-
sound transducer movements [60, 80–83] (Fig. 4.34).

�Enhancement and Techniques to Improve 
Procedure Needle Localization

�Basic Sonographic Effect of Enhancement

Enhancement is the description of what occurs and what is seen 
on an ultrasound image when tissue with low acoustic imped-
ance, such as blood within a vascular structure, enhances its 

containing vessel wall as an ultrasound signal which makes it 
appear hyperechoic. Similarly, the concept of enhancement may 
also improve the visualization of a procedure needle within a 
vascular structure or certain tissues (e.g., fat) that have lower 
acoustic impedance when compared to the needle (Fig. 4.35).

An understanding and application of the enhancement con-
cept could provide value in situations in which procedure 
needle localization and tracking may prove to be difficult dur-
ing UGIP procedures. Despite the use of echogenic procedure 
needles and advanced sonographic technology along with 
skilled and experienced needle and ultrasound probe manipu-
lation, performing UGIP in all situations may not be enough to 
be successful with the proposed intervention [4, 26, 31, 84]. 
Application of the useful strategy of enhancement and other 
techniques described below may prove beneficial toward high-
lighting procedure needle localization under ultrasound.

�Enhancement with Priming, Insertion of Stylet 
or Guide Wire, and Vibration

There are instances in which the procedure needle may prove 
difficult to visualize despite correct procedure needle and 
ultrasound transducer alignment and positioning. In some of 
these difficult to maintain needle visualization situations, a 
procedure needle could be localized, simply by moving the 
entire needle (or a stylet/guide wire that has been placed in 
the lumen of the needle). Chapman et al. describes movement 
of the inserted procedure needle in short “side-to-side” and 
“in-and-out” motions that deflect adjacent tissues and may 
improve the visualization of the needle path and trajectory 
[26]. However, movement of the entire procedure needle 
may cause additional patient discomfort, and it could result 
in unintentional tissue structural damage if the needle tip is 
not visualized [31].

Fig. 4.33  Freehand technique. Freehand techniques are performed by 
having the operator’s ultrasound transducer hand function as both ultra-
sound transducer stabilizer and for localizing and maintaining the target 
structure on the ultrasound image screen. The practitioner may also 
consider using the resting fingers of the hand used to hold the ultra-
sound probe to apply pressure downward which may minimize probe 
movement and reduce operator fatigue. The technique may also lessen 
slipping of the ultrasound probe on the gel covered skin surface

Fig. 4.34  Marking of the skin. Marking of the patient skin site affords 
the operator improved alignment. This is especially true in cases of 
patient movement or loss of prior probe needle alignment
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When continuous ultrasound scanning of procedure nee-
dle insertion and passage toward a target structure is not suc-
cessful, the needle tip may be localized by inserting a small 
guide wire or stylet through the needle to the needle tip. 
Chapman et al. describes priming a procedure needle by sub-
mersion of the needle in sterile water can cause enhancement 
of the needle during ultrasound scanning [26]. Another tech-
nique that can be used is with the Doppler function of the 
ultrasound machine to detect procedure needle vibrations 
[85]. With the color flow Doppler function of the ultrasound 
device activated, a slightly bent stylet is inserted into the pro-
cedure needle and then rotated causing lateral vibration of 
the needle. This vibration of the needle is detected and visu-
alized by color flow Doppler and may assist in improving 
procedure needle visibility on the real-time ultrasound screen 
(Fig. 4.36). Devices are now commercially available that uti-
lize this principle of vibrating the procedure needle to 
improve needle visibility. Such technology is used by attach-
ing a small device onto the procedure needle shaft that when 
activated can produce small vibrations at the needle tip 
(maximum amplitude 15 mm that are imperceptible to touch) 
that then generate a signal with color flow Doppler [31].

Another approach that may improve procedure needle 
visualization (while using Doppler) has been accomplished by 
applying vibratory actions to the tissue around the target struc-
ture rather than to the needle. By activating the color flow 
Doppler option, the ultrasound probe or transducer is being 
activated to vibrate at various frequencies. Then the amount of 
tissue vibration that is caused by the ultrasound probe at each 
of the frequencies is measured by using a quantitative power 
Doppler algorithm built into the scanner [86]. This advanced 
ultrasound imaging technique could help to produce better 
procedure needle localization and may have potential for use 
in many pain management procedures and interventions.

�Hydrolocalization of the Procedure Needle

There are several studies that describe injection of a small 
amount of fluid (0.5–1  ml) through the needle in order to 
assist in confirming procedure needle tip location or posi-
tion. This maneuver is usually performed by first moving the 
inserted procedure needle and observing the movement of 
the surrounding tissue and then by fluid injection while look-

Fig. 4.35  Needle enhancement. Needle enhancement within the vessel 
wall occurs because of an increased difference in acoustic impedance 
between needle and vessel fluid. The needle shaft at the site of entry 

into the vessel wall does not enhance as brightly as the tip within the 
vessel wall
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ing for the appearance of a small hypoechoic or anechoic 
pocket at the site of the needle tip created by the injected 
fluid [5, 6, 87, 88]. Hydrolocalization is the term or name 
given to this maneuver by Bloc et al. [88]. It can be carried 
out with sterile water, normal saline, an injection of local 
anesthetic, or 5% dextrose (Fig. 4.37). Use of a 5% dextrose 
solution, in order to preserve motor function and response, is 
most optimal for combined ultrasound-guided and nerve 
stimulation techniques during the performance of peripheral 
nerve blocks [83, 89, 90].

�Procedure Needle Visibility by Agitated 
Solutions or with Ultrasound Contrast Agents

Similar to hydrolocalization described above, injection of 
microbubbles uses a small bolus of agitated saline placed 
through the procedure needle. This technique may assist in 
ultrasound-guided needle tip visibility and could further 
improve visualization and localization of both the procedure 
needle or threaded catheter [91, 92] (Fig. 4.38). Microbubbles 
may produce needle enhancement by taking advantage of the 
acoustic impedance mismatch between injected microbub-
bles and the surrounding tissues [93]. However, the micro-
bubble injection technique has received some criticism when 
practicing UGIP as it has the potential disadvantage of creat-
ing an acoustic shadow and potentially obscuring the image 
of target structures [31].

The microbubbles represent one of the varieties of ultra-
sound contrast media. The pre-made ultrasound contrast 
agents are available on the market, and they typically employ 
encapsulated lipid-based nanoparticles or polymeric micelles 
[93]. These injectable contrast agents can significantly 
increase the amount of ultrasound backscatter imaging, and 

this may improve procedure needle visibility under conven-
tional ultrasound or color flow Doppler. The disadvantages 
of injecting contrast agents are the costs associated with the 
agents as they are expensive and they require an additional 
intravenous injection. There are no studies performed 
describing the use of these contrast agents for improved nee-
dle visualization in regional anesthesia or pain medicine, but 
they may be potentially useful if employed for UGIP proce-
dures. There is an understanding that if ultrasound contrast 
technology is developed, this technique could become a use-
ful adjunct or tool for improving upon procedure needle tip 
visualization.

�Localization of the Procedure Needle Tip 
with the Aid of Nerve Stimulation

It is known that it can sometimes be difficult to determine the 
proximity of the procedure needle tip in relation to targeted 
nerve structures on the ultrasound screen. Tsui et al. reported 
that nerve stimulation can be used to aid in the UGIP training 
settings and to assist in verifying position of the needle tip in 
relation to nerve structures [89, 90]. Chantzi et al. have con-
firmed that the combined technique using both ultrasound 
and percutaneous nerve stimulation may serve as a reliable 
method for procedure needle tip location verification [94]. 
Combined ultrasound and nerve stimulation techniques by 
anesthesia residents and practitioners who are not skilled at 
ultrasound-guided procedures or with little ultrasound expe-
rience may be able to improve their skills when attempting to 
identify nerve structures in situations of difficulty in needle 
tip localization. UGIP combined with nerve stimulation has 
been shown to increase the success rate of pain management 
interventions [95, 96].

Fig. 4.36  Improved procedural needle visualization under Doppler 
ultrasound (a, b). Applying vibration to the needle with a stylet inserted 
and moved will cause slight needle movement and improve visualiza-

tion under Doppler ultrasound. Panel (a) shows the needle under ultra-
sound without vibration. Panel (b) shows color Doppler signal with 
movement of the needle stylet

4  Ultrasound Technical Aspects: How to Improve Needle Visibility



52

In addition, because procedure needles used during nerve 
stimulation techniques are polymer coated, they are by defi-
nition echogenic and remain attractive for use with UGIP 
procedures (Fig. 4.17). One of the drawbacks for this tech-
nique is that by combining UGIP and nerve stimulation, it 
requires the availability of both an ultrasound machine and 
necessary equipment for neurostimulation that must all be 
made available in the sterile field. Another potential disad-
vantage of the combined technique is that nerve stimulation 
controls and the ultrasound image screen are located on two 
separate display panels (ultrasound and neurostimulator) that 

could cause difficulty with visualization and simultaneous 
calibration on two individual devices. The processes required 
in setting and changing of device adjustment controls could 
possibly lead to unintentional procedure needle or ultrasound 
probe movement. A potential solution for this problem would 
be an ultrasound machine that also has the ability of incorpo-
rating the mechanics of a nerve stimulator [97]. Therefore, 
when stimulating procedure needles and perineural catheters 
to confirm anatomical locations and proximity to target sites 
during nerve block techniques, there would be added bene-
fits of both adjunctive ultrasonography and nerve stimulation 

Fig. 4.37  Hydrolocalization technique (a, b). Hydrolocalization is carried 
out by injecting the fluid that can improve needle tip visualization by first 
forming an anechoic pocket which then enhances the needle tip. Panel (a) 

demonstrated that the procedural needle (right arrow) tip (left arrow) is 
difficult to visualize. Injection of fluid, shown in panel (b), made the tip (left 
arrow) of the procedural needle (right arrow) to be easily localized

Fig. 4.38  Microbubble injection technique (a, b). The microbubble 
injection technique uses a small bolus of agitated saline which is 
injected through the needle tip and can further improve visualization 
and localization of the needle. Panel (a) shows the needle prior to 

injection. Panel (b) shows the needle tip and surrounding area after 
injection of the microbubbles. Microbubbles can disrupt the visualiza-
tion of structure deep to the microbubbles seen in panel (b). Porcine 
phantom
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that could be controlled simultaneously [98]. In addition, 
when both, the needle and target, are adequately imaged, the 
nerve stimulation as an adjunct to ultrasound guidance may 
have a limited role because a positive motor response to 
nerve stimulation does not increase the success rate of the 
block. In addition nerve stimulation when combined with 
UG does have a high false-negative rate that suggests these 
blocks are usually effective, even in the absence of a motor 
response [99, 100]. Potential problems with adequate neuro-
stimulation when used in conjunction with UGIP could be 
related to the ultrasound gel. When 5% dextrose was used, as 
a nonconducting medium, it did not affect electrical conduc-
tion during electrical stimulation. Thus, it is important to 
avoid using saline or gel as a sound medium because it may 
hinder any subsequent attempts to electrically stimulate the 
nerve [90].

�Summary

In order to unmistakably visualize the procedural needle 
under the ultrasound and manipulate the needle effectively, a 
new set of skills is to be acquired. These skills are the critical 
assets which unlikely will ever be substituted by advanced 
ultrasound technology and enhanced procedural needles. 
The techniques discussed in this chapter intend to help to 
improve needle visualization during UGIP. They should be 
used in combination, depending on the nature and localiza-
tion of the procedure.
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Spine Sonoanatomy for Pain Physicians

Bernhard Moriggl

�Introduction

First and foremost, recognition of limits in performing ultra-
sound (US) imaging of the spine, associated spaces and 
joints is imperative before feasibilities may be fully appreci-
ated. It is thus not surprising that some of the descriptions on 
approaches within parts of the spine (and pelvis) by means of 
sonography were published that can simply not withstand 
critical analysis. In addition, more than elsewhere in apply-
ing US in pain medicine, one has to be familiar with the 
usage of the right transducer (frequency) in the right area at 
individual patients and different settings. That way, all avail-
able transducers, technologies and possible frequencies play 
a practical role in proper spine imaging! Finally, the influ-
ence of positioning, movements and alterations of the spine 
(and thus age!) is tremendous and may either be challenging 
or make manoeuvres impossible.

Accordingly, this chapter will first include a briefing on 
relevant anatomical peculiarities and variability of the spine 
from the skull to the coccyx, which is absolutely basic to 
understand the possibilities/limits in performing blocks and 
injections, respectively. Throughout the second part on rele-
vant US images, emphasis will be laid on the differentiation 
between “superficial”, meaning bony contours (mainly pos-
terolateral) or synovial joint capsules/entrances, and “deep”, 
which means articular cavities of the zygapophysial joints 
(ZJ) and sacroiliac joints (SIJ), vertebral canal, epidural 
space (EDS), paravertebral space, intervertebral foramina 
and nerve roots, sacral foramina and vertebral artery.

As a rule, deep structures or spaces in the above-mentioned 
sense may only be reliably visualised ultrasonographically if 

“acoustic windows” are present (or created!) and used 
properly.

That way and generally speaking, there is no US access to 
vertebral bodies or intervertebral discs and intervertebral 
foramina (thus nerve roots) of the thoracic spine (TS) and 
sacrum (S). Addressed structures are partly accessible in the 
lumbar spine (LS), but reliable visualisation is closely asso-
ciated with BMI and/or individually highly different tissue 
properties that markedly influence echogenicity. So, with the 
important exception of the cervical part, direct visualisation 
of the sympathetic trunk is impossible. In the cervical spine 
(CS), a wider approach to the anterior aspect  – including 
discs  – is possible but partly limited by both airways and 
mandible.

Despite the named difficulties, it will be shown that spine 
imaging using US, spine sonoanatomy, is as challenging as it 
is fascinating if one is familiar with and aware of intrinsic 
limitations!

�Basic Spine Anatomy (Figs. 5.1, 5.2, 5.3, 5.4, 
5.5, 5.6, 5.7, 5.8, 5.9, 5.10, 5.11, 5.12 
and 5.13)

�Cervical Spine

While all transverse processes (TP) of cervical vertebrae, 
C1–C7, possess foramina transversaria – hosting the verte-
bral artery (VA) and sympathetic plexuses from C6 upwards – 
only C3–C6 constantly show an anterior (usually the bigger) 
and posterior tubercle with the groove for the spinal nerve 
between them. Regularly, the posterior tubercles C3 through 
C5 are situated lower and lateral to the anterior ones. In clear 
contrast to the rest of the spine, the TP lie beside the verte-
bral bodies and are slightly directed downwards and anteri-
orly (Figs.  5.1 and 5.2). As TP are crucial landmarks for 
orientation, it is important to add that:
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Fig. 5.1  (a) CS anterior view. C2 axis; white arrowheads pointing at 
transverse processes of atlas and axis with their foramina transversaria; 
black asterisk indicates groove at the base of transverse process C6; AT 
left anterior tubercle of C5. Note: in this individual, the C5 AT is bigger 
than that of C6, especially the right one! C7 has only a posterior tuber-
cle, PT; from C5 to C3, all PT are lateral and lower to the AT; black 
arrow points at the uncinate process; (b) CS posterior view. OB occipi-

tal bone; seven spinous process, SP, of vertebra prominens; C2 axis 
with bifid tip of SP; black arrowhead points at the rudimentary poste-
rior tubercle of the atlas’ slim posterior arch. Open arrowheads point at 
the waist of articular pillars and white arrows at posterior entrance into 
the cervical zygapophysial joints. Note the asymmetry of length of TP 
in segments C2–C6! (See text for more details)

Fig. 5.2  (a) CS lateral view. OB occipital bone; LAM lamina of axis; 
three and five asymmetries of tubercles at spinous processes; AT ante-
rior tubercle C5 of considerable size; white arrows point at the cervical 
zygapophysial joints; black ones indicate joint gaps of atlanto-occipital 
and atlanto-axial joints, respectively. Note their different orientations 
and widths of gaps. (b) CS anterolateral view. PT posterior tubercle of 
C7; TP transverse process C4; black arrows point at the uncinate pro-

cesses; black asterisk indicates groove at the base of transverse process 
C3, white one in intervertebral foramen C2/C3. Two bodies of axis; 
white arrowhead on rudimentary TP of axis; note that foramina are only 
fully appreciated when CS is viewed from anterolateral and slightly 
inferior (the ones of C5/C6 and C6/C7 are therefore incompletely seen); 
compare with the view in (a)! (See text for more details)
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Apart from the atlas (C1) and C7, all other TP are rela-
tively short (Fig. 5.1b).

The TP of C1 project more laterally than all others 
(Fig. 5.1b).

The TP of C2 are often rudimentary as an anterior tuber-
cle is not clearly developed (Figs. 5.1a and 5.2a, b).

The anterior tubercle of TP C6, usually referred to as the 
biggest (“carotid tubercle”, tubercle of Chassaignac), may 
vary considerably in size (!), even between both sides of the 
same individual (Fig. 5.1a).

The TP of C7 has no anterior tubercle (Figs. 5.1a, 5.2a, b, 
5.23c and 5.24b!); all TP may vary according to size and 
length.

Another noteworthy and constant morphological feature 
true for C3–C6(7) is the marked but unnamed groove at the 
base of TP. Above this groove, the upper surfaces of corpses 
C3–C7 raise liplike to form the uncinate processes. They 
reach as far cranial as the lower contour of the next body; so 
they completely cover (and protect) the whole lateral aspect 
of the intervertebral disc (Figs. 5.1 and 5.2b).

Cervical ribs (Fig. 5.3) of various lengths and massive-
ness may occur if the rib anlagen of the TP remain indepen-
dent, most commonly seen bilateral (more frequent on the 
left side if unilateral). Such an entity should be thought of if 
sensory disturbances occur related to the brachial plexus.

Intervertebral foramina, the largest of which is between 
C2 and C3, are not seen in lateral views (Fig. 5.2a, b).

In contrast to C7, the tips of spinous processes (SP) appear 
bifurcated in most individuals but very often asymmetrical, 

unequal in size and not infrequently poorly developed or just 
indicated at C5 and C6. Moreover, SP often deviate either to 
the right or the left (Fig. 5.1b).

The cervical zygapophysial joints (CZJ), also named 
“facet joints”, are plain joints with their inferior articular sur-
faces facing forwards and downwards, in conformity with 
the superior ones facing backwards and upwards. In general, 
the narrow joint gaps are best appreciated in a lateral view! 
Only that between C2 and C3 differs as the two surfaces of 
C3 are at an angle of 142° to each other (Figs. 5.1b, 5.2a and 
5.4a, b). Viewed from posterior, superior and inferior, articu-
lar processes (AP) of each vertebra (“articular pillars”) with 
their marked waist between them create a wavy appearance 
of the lateral borders of the CS from C2 to C7 (Fig. 5.1b).

Due to the lack of both vertebral body and SP, the atlas is 
unique among vertebrae. It has two arches, anterior and pos-
terior. The latter is usually very slim, its height approxi-
mately only half the size of a regular lamina (LAM) and its 
“median” posterior tubercle often rudimentary or absent. As 
a result, the atlanto-occipital and atlanto-axial gaps (acoustic 
windows) are considerably wider compared to those between 
LAM and SP of C2–C7 (Figs. 5.1b and 5.2a). The distance 
from the skin to the posterior arch differs significantly, not 
least influenced by the individual shape of the 
neurocranium.

Finally, the atlanto-occipital joint (AOJ) and atlanto-axial 
joint (AAJ), “upperhead” and “lowerhead joints”, are also 
unique among CS diarthroses: the former is an ellipsoid joint 
and the latter part of a (functionally) rotary one with a con-
siderable wide joint gap. Importantly, the AAJ is bordered by 
the C2 dorsal root ganglion (DRG; dorsomedial) and the ver-
tebral artery (VA; lateral); consecutively the VA regularly 
runs inferior and medial to the AOJ (Figs. 5.2a and 5.4a, b). 
In case of elongation, the VA may also cross both joints dor-
sally (Fig. 5.17a bottom)!

In summary, all mentioned features of CS anatomy should 
remind US users that there is (a) no symmetry within one 
individual and (b) practically relevant interindividual vari-
ability (Sir William Osler: “... and as no to faces are the 
same, so no two bodies are alike ...”). Special attention has to 
be paid to atlas and axis with their respective joints!

�Thoracic Spine

The second through the tenth thoracic vertebrae, T2–T10, 
may be viewed as “typical”. In contrast to the situation at the 
CS, the sturdy transverse processes (TP) lie lateral and a lit-
tle posterior to the articular processes and are directed 
upwards (except T10) and posteriorly. They articulate with 
the tubercles of their respective ribs, the neck of which lies 
anterior (thus hidden) to the transverse processes until T4. 
From there to T9, the ribs’ neck progressively projects the 

Fig. 5.3  Bilateral cervical ribs (with ligamentous extensions). The 
smaller with ankylosis to transverse process, TP, of C7. Note the asym-
metry of transverse processes from C6 upwards, especially comparing 
anterior tubercles
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Fig. 5.5  (a) Posterior view of TS from T2 to T11. 2, 6, 7 and 11 lamina 
of respective thoracic vertebra; AP inferior articular process of T4; 
black arrows point at posterior entrance into the thoracic zygapophysial 
joints. Note the differences in the upper and lower part of TS. TP trans-
verse process of T9; NR neck of eighth rib; white double arrows indi-
cate examples of different “acoustic windows” in different thoracic 
levels; black arrowheads indicate tips of spinous processes, SP, T8–

T11; the white line through both TP of T7 hits the SP of T6! (b) 8, 12 
lamina, LAM, of respective thoracic vertebra; TP transverse process of 
T10; TP of T11 and T12 are rudimentary but clearly show mammillary 
and accessory processes (open arrowheads); open arrow points at an 
equivalent of a lumbar costal process in T12! Black arrowheads indi-
cate tips of SP T11 and T12. Note the width between LAM and SP at 
T11/T12 level compared to segments above! (See text for more details)

Fig. 5.4  (a) Atlanto-occipital (AO), atlanto-axial (AA) and cervical 
zygapophysial joints (CZJ), posterior view. Posterior arch of atlas, SP 
and LAM C2–C5 as well as the occipital bone removed. D dura mater; 
black arrows indicate AOJ, AAJ and CZJ of C3/C4 and C2/C3! White 
arrowheads show ventral rami of spinal cervical nerves; open arrow-

heads show second dorsal root ganglia. Note the course of the vertebral 
artery (black asterisks) relative to AOJ and AAJ as well as to the nerve 
roots. (b) Posterolateral view of specimen in (a). Symbols for labelling 
as in (a). Note the width of AAJ gap. (See text for more details)
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TP (Fig.  5.5a), important for paravertebral blocks (narrow 
acoustic windows). There is little variability as far as the size 
and length of these TP. In contrast, TP of T11 and T12 are 
often rudimentary and, as occurs in the LS, show accessory 
and mammillary processes in various degrees and shapes. In 
addition, T12 often develops an indicated (rudimentary) cos-
tal process (CP) (Fig. 5.5b).

The spinous processes (SP) of the second through ninth 
thoracic vertebrae are arranged like roof tiles. This is most 
accentuated from T5 to T9, creating an osseous barrier (no 
acoustic window!). As a consequence, a transverse section 
through both TP of a given vertebra will show the SP of the 
next higher segment (Fig. 5.5a)! Quite similar to the situa-
tion in the CS, the SP of a (perfectly regular) TS often devi-
ate, meaning their tips are paramedian, sometimes even by 
turns of each segment in certain parts (Fig. 5.5a, b). The ori-
entation of the SP of T10 varies; most commonly it only 
slightly descends, while those of T11 and 12 extend directly 
dorsally, giving space (allowing better access) between them 
(Fig. 5.5b).

A typical feature of T1–T10 is the width of their lamina 
(LAM) which exceeds over that of their bodies (Fig. 5.6a). 
Together with the SP, both LAM of a single vertebra form a 
bow. Not so with T11 and T12 (due to their similarity with 

Fig. 5.6  (a) Posterior view of the middle part of TS with insert of a 
typical thoracic vertebra. Six lamina, LAM, of T6; double arrows com-
pare the width of LAM with that of the body, VB; black arrowhead 
points at a typical bony spur from the upper margin of T7 LAM (partly 
ossification of yellow ligament!). (b) Posterolateral view of the upper 

thoracic spine. LAM lamina of T1; asterisk shows the tubercle of the 
fourth rib, TP transverse process of T4; black arrows indicate costo-
transverse diarthrose and black arrowheads beginning ossification of 
yellow ligaments. Note that windows between LAM are relatively wide 
in this part of TS (compare with Fig. 5.5a, b). (See text for more details)

Fig. 5.7  Posterior view of LS. Twelve lamina, LAM, of T12; AP fac-
ing articular processes of T12 (inferior AP) and L1 (superior AP); open 
arrowheads indicate mammillary process at superior AP and accessory 
processes at the root of costal process, CP (“transverse processes”, TP); 
SP spinous process of L1; black arrows point at the lumbar zygapophy-
sial joints, LZJ; white ones indicate the vertebral body of L2 and inter-
vertebral disc, respectively; black arrowheads at the waists of LAM L2 
and L3. Note (!) rudimentary CP of L4 and different “shapes” of CP 
throughout LS. Open arrow points at the LSJ that differs from LZJ 
above. (See text for more details)
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Fig. 5.8  (a) Lateral view of the LS and sacrum. SP spinous process of 
L2; AP superior and inferior articular process of L3 with “interarticular 
portion” (asterisk) in between; black arrows indicate costal processes 
L3–L5, the latter more massive than all others (!). Black open arrow 
points at joint gap of LSJ (those of LZJ not visible!). AS articular sur-
face; arched line marks posterior end (compare with Fig. 5.11b); the 
median sacral crest (white arrowheads) and lateral sacral crest (open 
arrowheads) are labelled; white open arrow points to (left) the sacral 
horn. Note the huge distance and area between lateral sacral crest and 

AS, the sacral tuberosity! (See text for more details). (b) Posterolateral 
view of the LS (and sacrum). Interspinous and interlaminar spaces wid-
ened by abolition of lordosis compared to (a). White arrowheads indi-
cate caudal extension of SP and white arrows vertebral body of L2 and 
intervertebral disc, respectively; open arrowhead indicate lateral sacral 
crest and black arrowhead median sacral crest. L3 and L5 with particu-
larly prominent accessory processes at the root of CP (compare with 
Fig. 5.7). Note the shape and orientation of lamina L5, considerably 
different from others! Sacrum: note incomplete fusion at the upper part 
of the median sacral crest. (See text for more details)

Fig. 5.9  (a) Lateral view of LS. SP spinous process of L1; compare 
with Fig. 5.8a (similar grade of lordosis) for interindividual differences, 
especially concerning the shape, massiveness, etc., as well as orienta-
tion of SP L1–L5. They are responsible for different interspinous space. 
Note the orientation of laminae (outlined) of L4 and L5. (b) Anterolateral 

view of LS (L2–L5). AP superior articular process of L5; CP costal 
process L3; compare with (a) and Fig. 5.7 (same individual) for side 
differences, especially concerning the shape, massiveness and orienta-
tion of CP L2–L5. Open arrow points at articular surface of inferior AP 
of L5 (orientation!). (See text for more details)
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lumbar vertebrae; see also below), because their LAM is 
sturdy and narrow, essentially facing posteriorly (Fig. 5.5b).

The thoracic zygapophysial joints (TZJ) are plain joints 
as those in the CS (with similar narrow cavity), but the posi-
tion of the joint surfaces represents segments of a cylinder 
(except the one between T11 and T12): they face backwards 
and slightly outwards at the superior and forwards and 
inwards at the inferior AP.  As in the CS, the inferior AP 
almost completely covers the superior AP of the next verte-
bra (not so at T12/L1). This arrangement impedes access to 
most of the joint entrances in contrast to the more exposed 
costotransverse joints (Fig.  5.6b). Synovial capsules of all 
costotransverse articulations are surrounded by a rather 
strong ligamentous apparatus! There are no such joints at 
T11 and T12 (rudimentary transverse processes and lack of 
costal tubercles at ribs 11 and 12).

Due to the peculiarities of anatomy mentioned, the TS is a 
difficult part for US exploration, and one has to consider 
uppermost, lowermost and middle parts differently.

�Lumbar Spine

With the exception of the fifth lumbar vertebra, L1–L4 show 
similar features and are therefore representative. Their cos-
tal processes (CP) or “transverse processes” (TP) (see 

Fig. 5.10  Transverse section through lumbar zygapophysial joint, 
LZJ, between L3 and L4. SP and iAP spinous process and inferior artic-
ular process of L3; sAP superior articular process of L4. Note the 
hooked shape of LZJ on the left side compared to the right as well as 
thickness of capsular ligament (open arrowheads)!

Fig. 5.11  (a) Isolated sacrum, dorsal surface. Compare with Fig. 5.8a. 
AP superior articular process; SH sacral hiatus; open arrowheads indi-
cate lateral sacral crest and black arrowheads median sacral crest; white 
open arrows point at sacral horns; asterisks mark the sacral tuberosity. 
Note the relatively small posterior sacral foramina in this specimen as 
compared to (b). Sacrum in situ, dorsal view. IL ilium with iliac crest, 
IC, and posterior superior iliac spine, PSIS; white arrows delineate 

entrance into the posteriormost (directly accessible) part of sacroiliac 
joint cavity, SIJ; curved lines mark posterior rim of sacral articular sur-
faces as in Fig. 5.8a (see there for comparison!). Note that the gap seen 
above does not lead to or correspond with SIJ! The transverse line 
through both PSIS indicates the level of cross section in Fig. 5.13a. See 
there and text for more details. Other symbols of labelling as in (a)
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below) are regularly slim and long, pointing lateral in 
essence. The dorsal surface of CP faces strictly posterior. 
Apparently different to the TS, CP are situated anterior (!) to 
the AP. This is because they constitute the homologue of a 
rib (and therefore CP is the more accurate terminology). In 
case of non-fusion with the vertebra, a lumbar rib occurs in 
approximately 8% of individuals. Apart from this entity, 
there is a noteworthy variability concerning the length, 
width/height and “massiveness” of CP. This includes marked 
differences in different levels as well as on both sides of a 
single spine. Especially, a rudimentary (very short and slen-

der) CP is of practical relevance, most frequently seen at L4 
(Figs. 5.7 and 5.9b). Uninfluenced by such variability, at the 
root of each CP, a small but rough accessory process is pres-
ent in most cases. Together with another protrusion, mam-
millary process, at the dorsal margin of the superior AP, they 
are remnants of true transverse processes, which are only 
seen in the TS (Figs. 5.5b, 5.7 and 5.8b). Very often both are 
distinguishable by means of sonography. One of the out-
standing signs of L5 is the massiveness of its CP (Figs. 5.8a 
and 5.9b). Moreover, its dorsal surface looks slightly 
upwards.

Fig. 5.12  (a) Sacrum in situ, dorsal view. SH sacral hiatus; GSF 
greater sciatic foramen. Note the incomplete ossification with partly 
open sacral canal and non-fusion of S1 segment. (b) Sacrum in situ, 
dorsal view. Note the prominent but shortened median sacral crest 

(white arrowhead) due to non-fusion of laminae of S4 that results in an 
extraordinary high SH! Entrance into SIJ (white arrows) partly obscured 
by ossification. Compare both (a) and (b) with Fig. 5.11a, b! (See text 
for more details)

Fig. 5.13  (a) Cross section through the pelvis at the level of PSIS. SC 
sacral canal; black arrowhead points at median sacral crest, open one at 
(very prominent) lateral sacral crest. Note that at this level the joint cav-
ity of the sacroiliac articulation (white arrows) is in far distance from 
the dorsal body surface. The space from joint cavity to lateral sacral 
crest is filled with interosseous ligaments (asterisks) attached to facing 

iliac and sacral tuberosities. The latter is almost completely covered by 
the wing of ilium, IL! Compare with (b). Sacrum in situ viewed from 
above. PSIS posterior superior iliac spine; W wing of sacrum; open 
arrows point at lateral sacral crests; a mass (asterisks) simulates inter-
osseous ligaments
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The spinous processes are massive (L5 the least substan-
tial in contrast to its CP), rectangular and sagittally orien-
tated. Their upper margin is approximately in line with the 
lower margins of both CP; the lower margin reaches at least 
to the level of the intervertebral disc (in projection). The dor-
sal border is thickened, often revealing an extension at its 
caudal end (Figs. 5.8a, b and 5.9b).

Opposed to the TS, the width of the high but sturdy L1–
L4 laminae (LAM) is much less than that of their bodies. 
Therefore, a considerable part of vertebral bodies and dorsal 
aspects of intervertebral discs are seen in a dorsal view. 
Showing a clear waist, all LAM are narrowest between supe-
rior and inferior AP, at the so-called interarticular part 
(Fig. 5.7). At the same time, this waist indicates the level and 
position of the lumbar dorsal root ganglia, DRG. The LAM 
faces posteriorly from L1 to L3 and posteriorly and slightly 
upwards in L4, while the extensively broad but low L5 LAM 
looks more upwards than posterior (Figs. 5.8b and 5.9a).

The articular facets of the lumbar zygapophysial joints 
(LZJ) are principally convex (at the inferior AP) and con-
cave (at the superior AP), in essence facing laterally and 
medially, respectively. This is why joint gaps are best seen 
in a posterior view (Fig. 5.7). However, the position of the 
facets is highly variable, not infrequently asymmetrical and 
showing angulations. Restriction of movements is realised 
by a very strong ligamentous apparatus, especially by trans-
versely orientated dorsal capsular ligaments (Fig. 5.10). At 
the lumbosacral joint (LSJ), the “ZJ” between the inferior 
AP of L5 and superior AP of sacrum, variability concerning 
facets, is even higher (asymmetry in 60%!), but joint sur-
faces at the inferior AP of L5 look principally anterolateral 
(Figs. 5.7, 5.8a, b and 5.9b). The articulation is additionally 
protected from overloading by the strong iliolumbar 
ligament.

LS anatomy reveals that this part of the spine is more 
“open” to US examination as compared to the thoracic part, 
not least by augmentation of acoustic windows through 
motion. However, structures of interest lie deeper, and in 
addition, a solid knowledge of variability is crucial.

�Sacrum

The curved sacrum is formed by fusion of five sacral verte-
brae with their respective intervertebral discs and ligaments. 
It explains why after fusion is completed, we no longer see 
lateral processes (neither TP nor CP) but what is called lat-
eral part at the pelvic surface and lateral sacral crest at the 
convex dorsal surface (Figs.  5.8a and 5.11a, b), which is 
obviously more important for US.  While the aforemen-
tioned crest, representing remnants of the transverse pro-
cesses, is always clearly seen (and thus a good landmark in 

US images), the intermediate sacral crest is often poorly 
developed (representing union of articular processes). The 
median sacral crest is formed by fusion of the spinous pro-
cesses (SP) of S1–S4, thus the most prominent of all longi-
tudinal ridges. Not infrequently, this fusion includes only 
three SP or is incomplete throughout the midline (Fig. 5.12a, 
b)! Incomplete fusion is seen in 10% of adults aged 50, in 
which cases the sacral canal appears partly opened (compa-
rable to the vertebral canal at the LS)! Regularly, however, 
both laminae of the fifth sacral segment fail to fuse in the 
midline to leave the sacral hiatus that leads into the sacral 
canal. The height and shape of the hiatus depend on the 
number and mode of fused SP (see above!) but are in its 
caudal part always laterally bordered by the sacral cornu, 
the most important of all palpable landmarks (Fig. 5.11a). 
Interestingly, complete synostosis of all sacral parts and ele-
ments happens as late as 25–35 years of age, in some indi-
viduals never, which explains all forms of variants so 
frequently encountered and thus practically important 
(Figs. 5.11a and 5.12b).

Concerning the above-mentioned variability, the poste-
rior or dorsal sacral foramina differ from small to huge as 
well as their number (Figs. 5.11a, b and 5.12a). The latter 
occurs as frequent as in one third of the population, either 
due to sacralisation of a lumbar vertebra or a coccygeal ele-
ment (both with five foramina on either side). This is seen 
more often in males. Sacral foramina, anterior or posterior, 
should not be misinterpreted as equivalents to the 
intervertebral foramina of the rest of the spine! In the sacrum, 
they lie within the sacral canal as lateral openings.

It is of utmost importance to realise that a considerable 
area of the dorsal surface of the sacrum, roughly correspond-
ing to the sacral tuberosity, is overlaid by the wing of ilium. 
As the tuberosity lies mainly above the auricular surface, 
most of the SIJ cavity is also completely and deeply hidden 
(Fig. 5.13a, b). As a consequence, only the most posterior 
part of the joint cavity (gap) is visible from the posterior 
(Fig. 5.11b), and this is important for US approach.

Although most of the dorsal surface of the sacrum is eas-
ily accessible by US, the anatomy of the sacrum is tremen-
dously influenced by its most variable progress of ossification 
(fusion) and non-ossification.

�Sonoanatomy of the Cervical Spine

�Superficial (Figs. 5.14, 5.15, 5.16, 5.17, 5.18, 
5.19, 5.20 and 5.21)

While there is no chance to image atlas (C1) and axis (C2) 
ventrally, the posterior arch of C2 with its typical features 
mentioned in the anatomy part (see above) and articular pil-
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Fig. 5.14  (a) Scanning planes for US images (b) and (c) and for 
Fig. 5.15 as well as Fig. 5.22 relative to the skull and upper CS; poste-
rior view. (b) Dorsal surface of posterior arch of atlas (arrowheads). 
Note that the quality of image is not least depending on highly variable 
degree of bone curvature! (c) Bony outlines of axis, C2. Arrowheads 

indicate from medial to lateral: bifid spinous process, SP, lamina and 
inferior articular process. To get a better overview of the vertebrae, 
usage of curvilinear probes is recommendable; see inserts at the bottom 
right (paramedian) and left (median position of transducer). (See text 
for more details)

Fig. 5.15  (a) See Fig.  5.14a for scanning plane! All labelling also 
applies for (b) and (c). OB occipital bone; C1 posterior arch of atlas; C2 
lamina of axis; open arrowheads point at the atlanto-occipital and 

atlanto-axial membrane, respectively; white arrowheads indicate dura 
mater (see legend of Fig. 5.22 for details). Note the narrow interosseous 
gaps in (b) due to retroflexion! (See text for more details)
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Fig. 5.17  (a) Scanning plane for US images (b) and (c) relative to the 
occipital bone (OB) and uppermost CS; see Fig. 5.16a for comparison. 
(b) and (c) Different appearance of AOJ gap (open arrowhead); note the 

regular relation of vertebral artery (asterisk) infero-medial to joint; 
white arrowhead in (b) indicates bone shadow by lateral mass of atlas; 
RCM rectus capitis major muscle. (See text for more details)

Fig. 5.16  (a) Scanning planes for US images (b) and (c) and for 
Fig. 5.17 relative to skeleton (upper) and special preparation (lower) of 
uppermost CS and skull base. Open arrowheads mark AAJ and AOJ; 
white arrowhead indicates left tubercle of C2 spinous process, SP; 
asterisks show vertebral artery, VA. Note that the VA shows elongation, 
so part of the AOJ is hidden; TP transverse process of atlas; all labelling 

also applies for (b) and (c). (b) Demonstration of AAJ gap. (c) IOM 
inferior oblique muscle. Note that this scan is more horizontal and 
reaches more lateral (no SP seen) compared to (b) to show the TP, VA 
as well as 2nd dorsal root ganglion and ventral ramus (open arrows). 
See also Fig. 5.4b (basic anatomy) and text for more details
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lar, lamina as well as the bifurcated (two tubercles) spinous 
process of C2 are easily seen and may serve as ideal land-
marks. As for C2, the same is true down to C6 (Fig. 5.14a–c). 
In addition, the occipital bone is well appreciated with US 
with appropriate transducers, and thus atlanto-occipital and 
atlanto-axial windows are easily detectable (Fig. 5.15a, b). 
To give practical examples, these bony surfaces may be used 
as landmarks for approaching both AAJ and AOJ as well as 
the greater occipital nerve (GON) more centrally 
(Figs. 5.16a–c, 5.17a, b and 5.18a–c). The above-mentioned 
joints lie relatively deep compared to the CZJ and are bor-
dered by the vertebral artery (VA). CZJ can be located either 
laterally or posteriorly, and capsular ligaments may be 
detectable where stronger. Lying directly on the bone, the 

third occipital nerve (TON) and “medial branches” C3 and 
C4 are visible (Fig. 5.19a–c). The outlines of transverse pro-
cesses from C3 to C6 including anterior and posterior tuber-
cles are accessible from lateral and thus most valuable 
landmarks, e.g. for nerve root location and general orienta-
tion (Figs. 5.20a–c and 5.24a).

Anterior longitudinal scans reveal the typical shape of 
vertebral bodies (and anterior aspects of discs in between) 
covered by the anterior longitudinal ligament; in transverse 
views, the anterior tubercles of TP C3–C6 and the marked 
groove at the base of each TP are appreciated. As C7 lacks an 
anterior tubercle, its TP appear completely different, and the 
VA has no bony covering at that segment (Fig. 5.21a–c; C6 
and Figs. 5.23c and 5.24b).

Fig. 5.18  (a) Scanning plane for US images (b) and (c) in an anatomic 
specimen of short muscles of the neck; open bar on inferior oblique 
muscle; SOM superior oblique muscle; RCM rectus capitis major mus-
cle; OB occipital bone; TP transverse process of atlas; SP spinous pro-
cess of axis; posterolateral view. (b) and (c) White arrowheads indicate 

from medial to lateral: SP, lamina and superior articular process of axis 
and lateral mass of atlas, respectively. The GON (open arrow) lies “on 
top” of IOM. Note that in both images, the AAJ (open arrowhead) is 
also seen. (See text for more details)

Fig. 5.19  (a) Scanning 
planes for US images (b) and 
(c) relative to CS; posterior 
view. Note the wavy lateral 
outline of CS by typical shape 
of articular pillars (white 
line). (b) Visibility of 
(entrance into) joint gaps 
(open arrowheads) depends 
on obliquity of lateral scan; 
arrows indicate medial 
branches C3 and C4; open 
arrowhead points to 
TON. This image was done 
with an 18 MHz probe! (c) 
Scan on dorsal surface of 
articular processes. Note that 
gaps are only indicated 
(compared to b) by “steps” 
(open arrowheads). (See text 
for more details)
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�Deep (Figs. 5.22, 5.23, 5.24 and 5.25)

Demonstrating EDS, dura mater (D) and spinal cord is 
done from posterior and preferably paramedian, the biggest 
acoustic window to be found between atlas and axis and 
atlas and occiput. With maximum anteflexion, however, the 
other interlaminar gaps allow sufficient access as well 
(Fig. 5.22a, b and compare with Fig. 5.15a, b). The VA runs 
through the foramina transversaria, its “free” part, obvi-
ously limited, easily detectable with an anterior longitudi-
nal approach (Fig.  5.23a–c). Although more challenging, 
showing the VA in relation to the AOJ and AAJ is also fea-

sible in most cases (Figs. 5.16c and 5.17b, c). Ventral rami 
of spinal nerves can be traced at least till their position 
within the respective sulcus from C3 to C7 (Fig. 5.24a, b: 
US C3 and C7). Moreover, it is often possible to reliably 
demonstrate their relationship with the VA in mentioned 
segments; the nerves lie dorsal to it and can be followed 
right to their exit from the intervertebral foramina 
(Fig. 5.25a, b)! At least from C3/C4 downwards, anterior 
aspects of the intervertebral discs can be visualised 
(Fig. 5.21b). This is not possible for their anterolateral cir-
cumference due to the bony covering by the uncinate pro-
cesses as mentioned above.

Fig. 5.20  (a) Scanning 
planes for US images (b) and 
(c) relative to CS; 
anterolateral view. (b) and (c) 
TP transverse processes of C5 
and C6 (hit at their lateral 
end); asterisks mark anterior 
and posterior tubercles; open 
arrows point at ventral rami. 
Note the mirror artefact (!) in 
(c) that may be misinterpreted 
as the true nerve! See also 
Fig. 5.24 and text for more 
details

Fig. 5.21  (a) Scanning 
planes for US images (b) and 
(c) relative to CS; anterior 
view. (b) C4 and C5 vertebral 
bodies of respective vertebrae; 
arrowheads indicate anterior 
longitudinal ligament; open 
arrowhead indicates 
intervertebral disc. (c) TP 
transverse process; asterisk in 
longus colli muscle indicates 
groove at the base of TP; T 
thyroid gland. (See text for 
more details)
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�Sonoanatomy of the Thoracic Spine.

�Superficial (Figs. 5.26 and 5.27)

All of the dorsal surface of the thoracic vertebrae can be 
appreciated with US.  Especially the contours of the trans-
verse and articular processes together with the necks of ribs 
are ideal landmarks to find acoustic windows for entering the 

paravertebral space. The ribs within the “intertransverse win-
dow” are ultrasonographically seen in longitudinal scans 
from level T4 or T5 downwards as they project the transverse 
processes (Fig. 5.26a–c). Likewise, entrance into the costo-
transverse joints is often possible, and the lateral costotrans-
verse ligament is clearly detectable; not so with the TZJ 
(Fig. 5.27a, b). Due to their small dimensions, TP of vertebra 
T11 and T12 may cause difficulties in identification and/or 
orientation in that lowermost part of the TS (Fig. 5.27c).

Fig. 5.22  (a) Transverse scan through atlanto-axial space into verte-
bral canal with spinal cord, SC; arrows point at dura and epidural space, 
EDS, respectively. The latter ends dorsally at the atlanto-axial mem-
brane (open arrowhead); C2 bone shadows by body and superior artic-
ular process of atlas. (b) Demonstration of vertebral canal with SC in a 

paramedian longitudinal scan. C2 right tubercle of spinous process of 
axis; C3 and C4 laminae of respective vertebrae; arrows point – from 
superficial to deep – at yellow ligament (double contour!), EDS and 
dorsal surface of dural sac. See Fig. 5.14a for scanning planes, Fig. 5.15 
for comparison (!) and text for more details

Fig. 5.23  (a) Scanning planes of US images (a) and (b) and for 
Figs. 5.24 and 5.25 in an anatomic preparation of CS with injected (red 
latex) vertebral artery, VA, and ventral rami of spinal nerves C3–T1 
(open arrows); anterior view. Three and six anterior tubercles of trans-

verse processes of respective vertebrae. (b) and (c) Lower cervical and 
prevertebral part of VA (asterisks); PT posterior tubercle of transverse 
process of seventh cervical vertebra. (See text for more details)
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�Deep (Figs. 5.28 and 5.29)

Throughout this part of the spine, with the exception of 
spaces between T11/T12 and T12/L1, visualising the verte-
bral canal and its content by a median scan is usually impos-
sible. Limited visualisation may be feasible paramedian 
from T1 to T4 as well as from T10 to T12 (Fig. 5.28a–c). 
Nevertheless, considering the fact that there is often addi-
tional narrowing by deformities or ossification (e.g. often the 
yellow ligaments; see anatomy (Fig. 5.6b)) makes US appli-
cation challenging to often impossible. Quite in contrary, 
using US for paravertebral blocks is really promising (see 
“superficial”) because one may image the superior costo-
transverse ligament as well as the pleura, although we have 
to admit limitations in following needle tip or placing cath-
eters (Fig. 5.29 a, b).

�Sonoanatomy of the Lumbar Spine

�Superficial (Figs. 5.30, 5.31, 5.32 and 5.33)

All of the dorsal surface of the lumbar vertebrae can be 
appreciated with US. Orientation may be achieved in starting 
in the midline, spinous processes (SP), and walk off laterally 
over articular processes (AP) until costal processes (CP) are 
reached (Figs. 5.30b, c and 5.31b). Proper orientation is of 
particular value when performing medial branch blocks for 
facet joint pain. The lumbar medial branches lie in tiny little 
osseofibrous tunnels (roofed by the mamillo-accessory liga-
ment) between the mammillary and accessory processes of a 
vertebra (Fig. 5.30a). This anatomical detail is relevant, as it 
is one of the reasons why block may fail when done too cau-
dally, especially true when ligament is ossified. Despite the 
fact that the medial branches themselves are invisible, accu-
racy of an ultrasound-guided block comes near to fluoroscopy. 

Fig. 5.25  See Fig. 5.23a for scanning plane (a) and (b) cervical part of 
VA (asterisks and blue colour) through and between transverse pro-
cesses from third to sixth vertebra. Note that nerve roots lie dorsal to 
artery; in (a) outlines of the intervertebral foramen are seen too. (See 
text for more details)

Fig. 5.24  See Fig. 5.23a for scanning planes. (a) and (b) C4 and C7 
roots (open arrows) at transverse processes, TP. Note different appear-
ance of TP of vertebra prominens relative to that of the fourth, its length 
and lack of an anterior tubercle (asterisk). This is why the VA (arrow-
head) is freely accessible at that level in transverse views. Note the 
relation to nerve root and do not mix both with other “black balls” also 
seen (C5 and C6 roots, open arrowheads). (See text for more details)
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Often disregarded, however, and apart from the necessity to 
scan in longitudinal and transverse planes for a meaningful 
algorithm and optimal orientation, slightly oblique scanning 
is sometimes helpful, not least due to individually different 
orientations of CP (Figs. 5.30a and 5.31b). It is also notewor-
thy that, although sometimes proposed, no linear array trans-
ducers should be used. This is inappropriate due to both 
ultrasound physics and given anatomy of the LS and one of 
the common mistakes made. In contrast, losing orientation in 
case of very slim and/or short (rudimentary) TP as normal 
variant is a typical pitfall (Fig. 5.7).

LZJ can be located. It is crucial to understand that these 
articulations are (1) relatively tight diarthroses with tense 
ligamentous restriction and that (2) the shape as well as ori-

entation of the articular facets is extremely variable in differ-
ent people as well as on both sides of a single individual 
(Fig. 5.32a and text on LS anatomy). The practical conse-
quence: US-guided LZJ injection should primarily be 
regarded as periarticular. The hypo- to anechoic gap inter-
rupting the surface outline of articular processes (AP) repre-
sents the distance between the posteriormost, bony parts of 
articulating medial facet and lateral facet of two joining ver-
tebrae. That way, it indicates the dorsal entrance point into a 
LZJ (Fig. 5.32b). Under ideal conditions, the covering liga-
ments (joint capsule) may be visible as hyperechoic struc-
tures (Figs.  5.32b and 5.33a). The extension of the joint 
space itself, both radiologic (between bones) and true ana-
tomic (between cartilages), cannot be appreciated with 

Fig. 5.26  (a) Scanning 
planes of US images (a) and 
(b) relative to TS; posterior 
view. (b) TP dorsal surface of 
transverse processes T7; SP 
shadow by spinous process of 
T6! White arrowhead on 
lamina of T7; open arrowhead 
marks tubercle of seventh rib. 
Note the gap between TP and 
tubercle (entrance into 
costo-vertebral joint; 
asterisk). (c) TP transverse 
processes of T8 and T9; NR 
neck of ninth rib. (See text for 
more details)

Fig. 5.27  See Fig. 5.26a for scanning planes in (a) and (b), Fig. 5.28a 
for plane of US image shown in (c). (a) TP transverse process of T4; BR 
body of rib; arrowhead marks tubercle of rib; open arrowhead points at 
costotransverse joint (gap); open arrow indicates lateral costotransverse 
ligament. (a) Scan on dorsal surface of articular processes. Note that 

gaps are only indicated (compared to b) by “steps” (open arrowheads). 
(c) TP rudimentary transverse process of T11; SP bone shadow by spi-
nous process of T10; arrowhead points at right lamina. (See text for 
more details)
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US. In summary, LZJ can be reliably located with US but not 
imaged to the deep. Apart from that and finally, in case of 
pathologically altered LZJ, trying to look for a gap with US 
may be frustrating if simply absent (Fig. 5.33b).

�Deep (Figs. 5.34, 5.35 and 5.36)

To see and interpret structures within the vertebral canal, it 
is best to use a paramedian longitudinal plane, with spine 
flexed to widen the acoustic window! Thus, even an approach 

between laminae of L5 and sacrum is possible (Fig. 5.34a–c). 
Moreover in the lumbar spine, calcified yellow ligaments are 
less frequent. However, ossification occurs and may hinder 
US exploration and approach. It is then advisable to look for 
a median acoustic window between TP, accepting that image 
quality may decrease significantly (Fig. 5.35a, b).

As windows between CP are relatively wide and laminae 
very slim, US exploration may reach rather deep, especially 
when the US probe is positioned “paravertebral” and scan is 
directed in antero-medial direction. That way, considerable 
parts of the vertebral bodies (and discs) can be seen 

Fig. 5.28  (a) Scanning plane of US image in (b) relative to lower part 
of TS; posterior view. Eleven marks lamina of thoracic vertebra T11. 
See Fig. 5.26a for scanning plane of US image (c). In (b) and (c), T11 
and T12 as well as T3 and T4 mark laminae of respective vertebrae; 
demonstration of vertebral canal with spinal cord, SC, in paramedian 

longitudinal scans; arrows point – from superficial to deep – at yellow 
ligament (double contour!), epidural space (EDS), dorsal (and ventral) 
surface of dural sac, posterior longitudinal ligament. (See text for more 
details)

Fig. 5.29  See Fig. 5.26a for scanning planes in (a) and (b). (a) and (b) 
Longitudinal scans between transverse processes, TP, of vertebrae T4/
T5 and T5/T6, respectively. Open arrows point at superior costotrans-

verse ligament. Note that in (a) the neck of the rib, NR, is not seen! 
Arrowheads indicate pleura, asterisks in thoracic paravertebral space. 
(See text for more details)
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Fig. 5.30  (a) Scanning planes of US images (a) and (b) relative to 
LS; posterior view. Arrowheads point at mammillary and accessory 
processes, yellow line indicates course of lumbar medial branch in 
between them, circle indicates target point for medial branch block; 
see Fig. 5.31. (b) Median longitudinal scan to show (and count) lum-
bar spinous processes (SP spinous process L5) starting from the 
median sacral crest (arrowheads). (c) Upper and lower parts demon-

strate typical nevertheless different appearances of scans over articu-
lar processes, AP, depending on individual anatomy of the LS as well 
as transducer orientation. Note that white outline of laminae (arrows) 
in lower image is not continuous throughout (asterisk) due to their 
waists; compare to upper image. (See text on LS anatomy for more 
details)

Fig. 5.31  See Fig. 5.30a for scanning planes of (a) and (b). (a) Slightly 
oblique scan to show AP articular processes L1 and L2, CP costal pro-
cess L2. (b) Lateral longitudinal scan shows typical acoustic shadowing 

of different widths (!) by costal processes, CP (of L3). Circle indicates 
target point of medial branch block
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(Fig. 5.36a–c). It is necessary to mention, however, that all of 
what is said here concerning “deep” is often not feasible in 
marked obesity.

�Sonoanatomy of the Sacrum and Sacroiliac 
Joint

�Superficial (Figs. 5.37, 5.38, 5.39 and 5.40)

Excellent images of the dorsal surface of the sacrum are the 
rule. The dorsal sacral foramina and their ligamentous 
covering are beautifully seen with US and serve as ideal 
landmarks for orientation. The same is true for the more 
prominent sacral crests (Figs.  5.37a–5.40c). Clinically we 
need to identify all of these structures as they guide us to the 

deeper ones (e.g. trans-sacral block, caudal epidurals or sac-
roiliac joint (SIJ) injections). Apart from that, by counting 
these foramina, one may detect sacral elongations that mean 
incorporation of either lumbar or coccygeal elements. Finally 
anomalies are readily seen by US (e.g. bifid spine), and all 
forms of variations and incomplete ossifications may be 
detected.

�Deep (Figs. 5.41 and 5.42)

There is often a misunderstanding or at least confusion con-
cerning the terminology and thus meaning of “SIJ” per defi-
nition. This often leads to inappropriate comparisons/
judgments of methods described in the literature, especially 
as far as US approaches are concerned.

Fig. 5.32  (a) Transverse section through the lumbar zygapophysial 
joint, LZJ, between L3 and L4. Spinous process (SP) and inferior artic-
ular process (iAP) of L3; superior articular process (sAP) of L4. Note 
hooked shape of LZJ on the left side compared to the right as well as 

thickness of capsular ligament (open arrowheads)! (b) Transverse US 
image corresponding to anatomical cross section in (a) with similar 
labelling. Note that anechoic gap between bony contours does not rep-
resent the true anatomic joint space. (See text for more details)

Fig. 5.33  (a, b) Examples of 
LZJ entrances in different 
individuals and conditions. 
(b) Scanned from lateral and 
oblique (CP seen) and with 
curvilinear probe. For 
labelling, see Fig. 5.32. Note 
narrow gap in (a) compared to 
Fig. 5.32b. In (b) no gap is 
seen, but bony surface of AP 
irregular due to pathologic 
protuberances. (See text for 
more details)
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Fig. 5.34  (a) Scanning 
planes for US images (a) and 
(b) relative to the lower part 
of LS; posterolateral view. 
Note non-fusion of S1 
laminae! (b) and (c) 
Demonstration of vertebral 
canal in the segments between 
laminae L4/L5 and L5/
sacrum, respectively. DS 
dorsal surface of sacrum; note 
the orientation of L5 lamina 
(arrowheads)! Arrows 
point – from superficial to 
deep – at yellow ligament 
(double contour!), epidural 
space (EDS) (dorsal and 
ventral) and surface of dural 
sac. Note the thickness of 
yellow ligament in the lower 
segment! (See text for more 
details)

Fig. 5.35  (a, b) Median 
longitudinal scans at lower 
lumbar spine showing 
influence of maximum flexion 
(b) in visualisation of the 
spinal canal. SP spinous 
processes. Only in (b) 
structures may be visualised 
under good conditions, but 
quality is poor (compared to 
Fig. 5.34b). At least yellow 
ligament and epidurals space 
can be identified (arrows). 
(See text for more details)
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Fig. 5.36  (a) Scanning planes of US images (a) and (b) relative to LS; 
posterior view. (b) Transverse image obtained with transducer posi-
tioned “paravertebral” and scanning direction to antero-medial. 
Arrowheads indicate from deep to superficial: anterolateral circumfer-
ence of vertebral body, lateral margin of interarticular portion, articular 
process and lamina; QL quadratus lumborum muscle; PM psoas major 

muscle. (c) Longitudinal scan between two articular processes, AP, 
immediately adjacent to lamina. Open arrow points at lumbar root L3 
exiting intervertebral foramen, arrowhead indicates dorsal surface of 
vertebral body, open arrowhead indicates intervertebral disc. (See text 
for more details)

Fig. 5.37  (a) Scanning levels of US image in (b), for image in Figs. 5.38a and 5.39a, b. (b) Overview of dorsal surface in a transverse US scan at 
the level of posterior sacral foramen I. Note the indentation instead of a crest! (See text for more details)

Fig. 5.38  (a) US visualisation of sacral crests. From median to lateral, 
arrowheads indicate median, intermediate and lateral sacral crest. Note 
the marked elevation of lateral crest! (See text for more details). (b) See 
Fig. 5.42a for scanning plane. Slightly oblique scan over iliac, IC, and 

lateral sacral crest at the level of dorsal sacral foramen I. Open arrow 
shows covering ligaments of foramen; arrowhead points at sacral tuber-
osity. (See text for more details)
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So for the sake of clarity, what is mainly commented on in 
the sequel is attributed to the synovial joint or diarthrosis 
between the ilium and sacrum!

Because it is hidden deep in the pelvic framework for 
most of its extension (see anatomy in Fig.  5.13), the SIJ 
articular cavity can only be reached under US guidance when 
entering the joint space in its most posterior compartment 
(Fig. 5.41a, b). However, visualisation of the needle within 

the joint space cannot be achieved. As there is a potential 
danger reaching the pelvis and its content through the greater 
sciatic foramen, correct needle direction and simultaneous 
demonstration of gluteal surface of the ilium are essential! In 
cases of partial non-fusion of sacral elements near the mid-
line, the sacral canal may be reached ultrasonographically 
quite comparable to US-guided epidural approaches else-
where in the spine (Fig. 5.42a, b).

Fig. 5.39  Both images (a) and (b) show dorsal sacral foramina I–IV. Note their different dimensions and the overall convexity of dorsal sacral 
surface. (See text for more details)

Fig. 5.40  Scanning planes of US images in (a) and (b); posterior view 
of the lower third of the sacrum with sacral hiatus. (b) US over end of 
median sacral crest (arrowheads) and sacral hiatus; the latter is closed 
in the living by the sacro-coccygeal ligament (open arrow), and asterisk 

marks bony floor of hiatus; open arrowhead indicates sacro-coccygeal 
gap. (c) Transverse scan over sacral horns (white arrows). (See text for 
more details)
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Fig. 5.41  (a) Transverse section through the posteriormost part of the 
sacroiliac diarthrosis. The following landmarks (arrowheads) seen on 
this cross section are detectable in US, see corresponding image in (b) 
with the same labelling, and their identification is mandatory for safe 
approaches. From medial to lateral: median sacral crest, second dorsal 
sacral foramen, lateral sacral crest and gluteal surface of the ilium. The 
entrance into this part of the joint is very small (open arrowhead). Note 
the groove between the lateral sacral crest and ilium in the anatomic 
specimen. If this is the case, it may easily be mistaken ultrasonographi-
cally as the joint gap! (See text for more details)

Fig. 5.42  (a) Scanning planes of US images in (b) and for Fig. 5.38b; 
posterior view of a sacrum with incomplete ossification throughout 
showing “windows” within the dorsal wall of the sacral canal. (b) The 
bony floor of the sacral canal is clearly seen (above asterisk) as well as 
the terminal part of the dural sac (open arrows) reaching far caudally in 
this individual. White arrowheads point at equivalent of vertebral 
laminae
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Ultrasound-Guided Third Occipital 
Nerve and Cervical Medial Branch Nerve 
Blocks

Andreas Siegenthaler and Urs Eichenberger

�Anatomy

Cervical zygapophyseal (facet) joints are diarthrodial joints 
formed by the superior articular process of one cervical ver-
tebra articulating with the inferior articular process of the 
vertebrae above at the level of the junction of the lamina and 
the pedicle. The angulations of the facet joints increases cau-
dally, being about 45° to the transverse plane at the upper 
cervical level to assuming a more vertical position at the 
upper thoracic level. The superior articular process also faces 
more posteromedial at the upper cervical level, and this 
changes to more posterolateral at the lower cervical level, 
with C6 being the most common transition level [1, 2].

Each facet joint has a fibrous capsule and is lined by a 
synovial membrane. The joint also contains varying amounts 
of adipose and fibrous tissue forming different types of syno-
vial folds contributing to different pathophysiology for joint 
dysfunction [3].

The cervical zygapophysial joints are innervated by artic-
ular branches derived from the medial branches of the cervi-
cal dorsal rami. The C3–C7 dorsal rami arise from their 
respective spinal nerves and pass dorsally over the root of 
their corresponding transverse process. The medial branches 
of the cervical dorsal rami run transversely across the cen-
troid of the corresponding articular pillars and have a con-
stant relationship with the bone at the dorsolateral aspect of 
the articular pillar as they are bound to the periosteum by an 
investing fascia and held in place by the tendon of the semi-
spinalis capitis muscle [4]. Variations in the course of the 
medial branches are usually distributed across the middle 

fourth of the height of the articular pillars. The articular 
branches arise as the nerve approaches the posterior aspect 
of the articular pillar, one innervating the zygapophysial 
joint above, and the other innervating the joint below. 
Consequently, each typical cervical zygapophysial joint 
below C2–C3 has dual innervations, from the medial branch 
above and below its location.

The medial branches of the C3 dorsal ramus differ in their 
anatomy. A deep medial branch passes around the waist of the 
C3 articular pillar similar to other typical medial branches 
and supplies the C3–C4 zygapophysial joint. The superficial 
medial branch of C3 is large and known as the third occipital 
nerve (TON). It curves around the lateral and then the poste-
rior aspect of the C2–C3 zygapophysial joint giving articular 
branches to the joint. Beyond the C2–C3 zygapophysial joint, 
the TON becomes cutaneous over the suboccipital region.

Another anatomical exception is the course of the medial 
branch C7. The C7 medial branch passes more cranial, closer 
to the foramen of C7, crossing the triangular superior articu-
lar process of C7 vertebrae.

�Indications for Cervical Medial Branch Block

Cervical facet joints are important in sharing the axial com-
pressive load on the cervical spine along with the interverte-
bral disk, particularly at higher compressive loads [5]. The 
facet joint and capsule are also important contributors to the 
shear strength of the cervical spine and resection; displace-
ment or even facet capsular disruption increases cervical 
instability [6, 7].

The facet joint and capsule are in close proximity to the 
semispinalis, multifidus, and rotator neck muscles, and about 
23% of the capsule area provides insertion of these muscle 
fibers contributing to injury with excessive muscle contrac-
tion [8, 9]. The facet joint and capsule also have been shown 
to contain nociceptive elements suggesting that they may be 
an independent pain generator [10]. Facet joint degeneration 
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occurs in elderly almost ubiquitously [11], and the preva-
lence of facet joint involvement in chronic neck pain has 
been reported from 35% to 55% [12, 13], making it an 
important target of interventional pain management.

Cervical facet joint nerve blocks are indicated in axial 
neck pain not responsive to conservative therapy and with 
clinical and/or radiological evidence of possible facet joint 
involvement. Whiplash-associated disorder is a special con-
dition among neck pain patients and a common consequence 
of different traumatic events, such as car accidents. Excessive 
facet joint compression and capsular ligament strain have 
been implicated in neck pain after whiplash injury [14]. 
Conservative treatment of chronic neck pain following whip-
lash injury often has poor long-term outcome [15]. Among 
the possible reasons for this is that an anatomical diagnosis 
is not made and that treatment does not specifically target the 
source of pain. Since reliable clinical or radiological signs to 
identify the responsible joints are lacking, diagnostic blocks 
of the cervical medial branches are the only validated method 
to diagnose zygapophysial joint pain [16, 17]. Because the 
false-positive rate of a single block is 38% [18], a second 
confirmatory block should be performed on a different day to 
minimize the chance of obtaining a false-positive response 
[19]. If diagnostic blocks are used, the source of pain can be 
traced to one or more of the cervical zygapophysial joints in 
over 50% of patients [20]. These patients can then be treated 
by percutaneous radiofrequency neurotomy. Radiofrequency 
neurotomy, introduced in 1980 by Sluijter and Koetsveld-
Baart [21], has ever since been validated as a very effective 
therapy for zygapophysial joint pain [22]. Radiofrequency 
neurotomy is indicated only if a positive response is obtained 
after both injections. Third occipital neurotomy has been 
validated as an effective treatment for headache stemming 
from the C2–C3 zygapophysial joint and mediated by the 
TON [23]. Furthermore, a recent study showed a positive 
effect of repetitive therapeutic medial branch blocks with or 
without steroids [24].

�Why Ultrasound-Guided Facet Nerve Block? 
The Literature and our Experience

In a study on volunteers, we demonstrated that it is possible 
to visualize and block the TON [25].

Typically, the diagnostic blocks are performed under fluo-
roscopic (or CT) control. However, the nerves are not visual-
ized by either fluoroscopy or CT. In our study, we tested the 
hypothesis that the TON, which innervates the C2–C3 zyg-
apophysial joint and a small skin area, can be visualized by 
ultrasound and also blocked by injecting a local anesthetic 
under ultrasound control. The region of the C2–C3 joint was 
investigated by ultrasound in 14 healthy volunteers, using a 
15-MHz transducer. The injection of saline or local anes-

thetic was performed in a double blind, randomized fashion. 
The position of the needle was controlled by fluoroscopy. 
Sensations at the innervated skin area were tested by pin-
prick and cold. In all 14 volunteers, cervical ultrasound 
examination was feasible, and the TON was successfully 
visualized in 27 of 28 cases. In most cases, the TON was 
seen as an oval hypoechoic structure with hyperechoic small 
spots inside. This is typical for the ultrasound appearance of 
a peripheral nerve [26, 27].

The median diameter of the TON was 2.0  mm (range, 
1.0–3.0), and the nerve was found at a median depth of 
20.8  mm (range, 14.0–27.0). Anesthesia of the skin was 
achieved in all but one case, while no anesthesia was 
observed after all saline injections. The radiological analysis 
of the needle positions showed that we localized the C2–C3 
zygapophysial joint correctly in 27 of 28 cases and revealed 
that 23 of 28 needle placement were correct (82%).

Although, in the abovementioned study, we reported the 
feasibility of identifying the TON, there are no other feasibil-
ity studies regarding ultrasound-guided lower cervical 
medial branch block. Nevertheless, the technique has been 
described [28, 29].

The question regarding the sonographic visibility of all 
the facet joint supplying nerves is currently being examined 
in our pain unit, with promising results so far (Siegenthaler 
et al. unpublished data). In patients suffering from chronic 
neck pain, the sonographic visibility of the cervical medial 
branches was described and classified as good in the vast 
majority of cases. The only exception was the C7 medial 
branch, which is much more difficult to visualize. The reason 
for this may be that the C7 medial branch is superimposed by 
a thicker layer of soft tissue than the medial branches situ-
ated more cranially and/or its slightly different anatomical 
course. The nerves are only about 1–1.5 mm in diameter, the 
needed high-ultrasound frequency to generate enough reso-
lution to determine such small structures may therefore, in 
the case of the medial branch C7, not penetrate enough to the 
target.

�Possible Advantages of Ultrasound for Cervical 
Facet Nerve Blocks

Medial branch blocks are usually performed under fluoro-
scopic control; however, few pain physicians use computer 
tomography (CT) as well. The center of the rhomboid-shaped 
articular pillars (or the superior articular process in the case 
of C7) serves as bony landmarks and can be easily identified 
fluoroscopically in a lateral view. There, the medial branches 
are located in a safe distance from the spinal nerve, and the 
vertebral artery and a needle can be introduced to block the 
nerves (according to the abovementioned bony landmarks 
only). Because several blocks are often needed to identify 
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the symptomatic joint, or to rule out zygapophysial joint 
pain, the procedure may expose patients and personnel to 
considerable radiation doses [30]. In contrast, ultrasound is 
not associated with exposure to radiation.

Ultrasound can identify muscles, ligaments, vessels, 
joints, and bony surfaces. Importantly, thin nerves can be 
visualized, provided that high-resolution transducers are 
applied. This characteristic is not shared by either fluoros-
copy or CT and is the major reason for the great potential 
usefulness of ultrasound in interventional pain management. 
Unlike fluoroscopy and CT, ultrasound does not expose 
patients and personnel to radiation. Imaging can be per-
formed continuously. The fluid injected is mostly visualized 
in a real-time fashion. Therefore, if the target nerve is identi-
fied, ultrasound provides the unique opportunity to assure 
spread of the injected solution at the site of block during 
administration, without radiation exposure and the need of 
contrast dye injection. Vessels are visualized most clearly 
when Doppler sonography is available. Thus, the risk of 
intravascular injection of local anesthetics or injury of ves-
sels is minimized. Ultrasound is less expensive than CT and, 
depending on the type of device, may be less expensive than 
fluoroscopy.

�Limitations of Ultrasound

The major limitation of ultrasound is the poor visualization 
of thin needles. However, the movements of the tissues while 
advancing the needle provide experienced practitioners with 
reliable information on the needle tip position. Since bones 
reflect the ultrasound waves, structures located behind, for 
examples, osteophytes, are not reliably visualized with ultra-
sound. The use of high-frequency transducers is mandatory 
to achieve the appropriate resolution to identify small nerves. 
However, the higher the used frequency, the lower the ultra-
sound beam will penetrate into the tissue (possible working 
depth is limited). This means that it is not possible to visual-
ize thin nerves deeper than a few centimeters from the 
surface.

�Ultrasound-Guided Technique for TON 
and Cervical Medial Branch Block

�Scanning Before Injection

The patient is placed in the left or right lateral position. 
Usually, we perform an ultrasound examination to identify 
all important structures prior to the disinfection of the skin 
and wrapping the ultrasound transducer with a sterile plastic 
cover.

�Identifying the Correct Level: Method 1

Using high-resolution ultrasound imaging (we use a Sequoia 
512® Ultrasound System with a 15-MHz high-resolution 
linear ultrasound transducer, 15L8w, Acuson Corporation, 
Mountain View, CA), the ultrasound examination is started 
with the cranial end of the transducer over the mastoid pro-
cess almost parallel to the underlying spine in a longitudinal 
plane (Fig. 6.1). Moving the transducer slowly anterior and 
posterior (to the mastoid) and some millimeter more cau-
dally, the most superficially situated bony landmark of the 
upper cervical spine, i.e., the transverse process of C1, is 
visualized. With slight rotations of the transducer, the trans-
verse process of C2, about 2 cm more caudally, is searched 
in the same ultrasound image. All these three bony land-
marks are relatively superficial (depending on the habitus of 
the patient) and produce a bright reflex with the typical dor-
sal shadowing of bony structures. Between the transverse 
processes of C1 and C2, 1–2 cm deeper, the pulsation of the 
vertebral artery can be seen. At this stage, the use of Doppler 
sonography may facilitate the identification of this important 
landmark. The vertebral artery crosses the anterior lateral 
part of articulation of C1–C2 at this position.

Fig. 6.1  To identify the facet joint C2–C3, the ultrasound examination 
is started with the cranial end of the transducer over the mastoid process 
almost parallel to the underlying spine in a longitudinal plane. The blue 
rectangle shows the transducer position in relation to the underlying 
spine at this starting point
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Moving the transducer about 5–8 mm more posteriorly, 
the arch of the atlas (C1) and the articular pillar of C2 (cra-
nial part of the facet joint C2–C3) in the caudal third of the 
image are visualized (transducer position as shown in 
Fig. 6.2). Now the transducer, still longitudinal in relation to 
the neck, can be moved caudally to bring the C2–C3 and 
C3–C4 articulations into the center of the ultrasound picture. 
The approximate position of the ultrasound transducer at this 
point is illustrated in Fig. 6.3, and the obtained ultrasound 
image is shown in Fig. 6.4. Slight rotatory movement of the 
transducer is needed to identify the TON crossing the articu-
lation of C2–C3 at this point. Because it is known that the 
TON crosses the C2–C3 zygapophysial joint in this plane at 
an average distance of 1 mm from the bone [31], we search 
for the typical sonomorphological appearance of a small 
peripheral nerve at this location. A peripheral nerve crossing 
the ultrasound plane at an angle of approximately 90°, as in 
the present case, can be identified better than one running 
longitudinally along the plane of view. It appears typically as 
an oval hypoechoic area with hyperechoic spots encircled by 
a hyperechoic horizon [26, 27, 32].

The more caudal cervical medial branches are searched in 
the same way. Once we have identified the articulation of 
C2–C3, the transducer is slowly moved in a caudal direction. 

The highest points in the bony reflex of the articular pillars 
represent the articulations.

Fig. 6.2  From the transducer position shown in Fig. 6.1, the transducer 
is moved about 5–8 mm more posteriorly to the position shown in this 
image. Know the arch of the atlas (C1) and, in the caudal third of the 
image, the articular pillar of C2 can be visualized

Fig. 6.3  The final position of the transducer in relation to the underly-
ing cervical spine for the identification of the C2–C3 facet joint. The 
movements of the transducer from the position in Fig. 6.1 to the final 
position in Fig. 6.3 are described more extensively in the text

Fig. 6.4  Image obtained by a transducer position as shown in Fig. 6.3. 
The third occipital nerve crosses the articulation of C2–C3, and the 
medial branch of C3 crosses at the deepest point between the articula-
tions C2–C3 and C3–C4. The nerves can be seen with a typical 
sonomorphological appearance: an oval hypoechoic (black) structure 
with hyperechoic (white) small spots inside and a hyperechoic horizon 
around it
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Starting at C2–C3 we count the “hills” by moving the 
transducer—still in longitudinal direction in relation to the 
neck—caudally until we reach the desired level of the cervi-
cal facet joint. With a transducer position as shown in 
Figs. 6.5 and 6.6, you will obtain an image of the level C3–
C4 and C4–C5 as shown in Fig. 6.7. Bringing the articulation 
into the center of the ultrasound picture, we are able to visu-
alize the two medial branches innervating the joint. Only the 
C2–C3 joint is innervated by one single nerve (the TON). All 

articulations more caudal are innervated by two medial 
branches, arising out of the two roots, one cranial and one 
caudal of the articulation. Unlike the TON, the medial 
branches do not cross over the highest point of the articula-
tion, but at the deepest point of the corresponding articular 
pillar from anterior to posterior between two articulations, 
and are visualized there (Fig. 6.7).

�Identifying the Correct Level: Method 2

Especially in the lower cervical spine, it is a good alternative 
to count and identify the roots in the interscalene region and 
then follow them to the corresponding osseous cervical level. 
If the visualization of the roots is difficult, first identifying 
the transverse processes of C5, C6, and C7 may help as ana-
tomic landmarks to find the roots and then follow them more 
distally. Usually the C6 transverse process is the most promi-
nent one, showing impressive anterior and posterior tuber-
cles (U-shaped) and dorsal shadowing from the bone. 
Between the two tubercles the anterior part of the nerve root 
can be seen. Following this root distally one can identify the 
interscalene region, even if the two interscalene muscles are 
hardly identified by ultrasound.

At the level of C7, the anterior tubercle is absent and the 
vertebral artery is usually seen slightly anterior of the root. 
Figure 6.8 shows the transducer position to obtain an ultra-
sound image of the root C7 and the vertebral artery (Fig. 6.9a). 
The use of color Doppler is recommended to better identify 
the vertebral artery (Fig. 6.9b). This will help to identify the 
correct vertebral level and corresponding nerve root, but one 
must be aware of the possible anatomical variation.

Fig. 6.5  The transducer position to obtain the image in Fig. 6.7 in rela-
tion to the underlying cervical spine is shown

Fig. 6.6  The transducer position in relation to the neck to obtain the 
image in Fig. 6.7 is shown

Fig. 6.7  Typical white (hyperechoic) reflex of the bony surfaces of the 
articulations C3–C4 and C4–C5. The medial branch C4 (MB C4) can 
be seen at the deepest point between the articulations C3–C4 and C4–
C5, nearly in contact to the bone. The medial branch C5 (MB C5) is 
seen at the deepest point of the bony surface more caudally of the artic-
ulation C4–C5
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It may be helpful to mark the skin at the level of interest 
to improve successful identification of the structures after 
sterile preparation of the work field and the transducer.

�Practical Performance of Block

After scanning the neck and identifying the targeted nerves, 
the skin is disinfected, the transducer is wrapped in a sterile 
plastic cover, and sterile ultrasound coupling gel is used. The 
needle is introduced from immediately anterior to the ultra-
sound probe and slowly advanced perpendicular to the beam 
(“short axis”) as shown in Fig. 6.10. We use a short bevel 

24-G needle connected over an extension line to a syringe. 
Injection is performed by a second person holding the 
syringe. The needle tip is advanced until it is seen to lie just 
beside the nerve. At this point, increments of 0.1 ml of local 
anesthetic (LA) are injected, until it reaches the nerve ade-
quately. If necessary, the needle tip is slightly repositioned. 
The conventional, fluoroscopically guided technique for 
TON blocks requires needle placements onto three target 
points, each injected with 0.3 ml (total 0.9 ml) of LA. Our 
experience showed that using ultrasound guidance 0.5 ml is 
enough to block the TON.  To block the other medial 
branches, usually 0.3 ml of LA is sufficient. The total vol-
ume needed is dependent on the spread of LA. We recom-
mend injecting no more than 0.5 ml of LA per nerve, since 
higher volumes would lower the specificity of the block 
because of potential anesthesia of other pain relevant struc-
tures near the medial branch.

We always introduce the needle from anterior to posterior 
because all vulnerable structures are situated more anterior 
to the facet joint line (i.e., vertebral artery and neurofora-
men). This lowers the risk of inadvertent puncture of these 
structures in case the needle tip is not correctly identified. 
Nevertheless, this procedure is not recommended for people 
not experienced in ultrasound-guided injections and should 
be performed only after adequate needle guidance experi-
ence and training. As we gain more experience in identifying 
the course of the nerves by ultrasound, ultrasound-guided 
radiofrequency ablation (RFA) will become feasible, and 
this may reduce the needed number of lesions. Furthermore, 
it is possible to bring the RF probes close to the nerve with 
ultrasound guidance prior to taking an X-ray image, thus 
reducing the radiation exposure.

Fig. 6.8  Transducer position to scan the root C7 as shown in Fig. 6.9a, 
b for the identification of the vertebral level

Fig. 6.9  (a) Ultrasound image of the root C7 and the vertebral artery some millimeters anteriorly of the root. Asterisk root C7, VA vertebral artery, 
TPT posterior tubercle of the transverse process of C7. (b) The same ultrasound image as Figure a with the use of Doppler ultrasound
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�Conclusion

This overview illustrates the potentially useful application of 
ultrasound and describes the technique of TON and cervical 
medial branch blocks. In contrast to fluoroscopy and CT, 
ultrasound allows visualization of the cervical medial 
branches in most patients, and thus the local anesthetic can 
be injected as close as possible to the targeted nerve. 
However, ultrasound has limitations. Depending on the habi-
tus of patients, it is not possible to visualize the very small 
nerves in all cases, especially at the C7 level.

Ultrasonography of nerves as small as the cervical medial 
branches requires excellent anatomical knowledge and expe-
rience. The identification of the nerves is frequently difficult. 
Therefore, adequate training is mandatory before ultrasound 
is used for this procedure. Lack of training can make the pro-
cedure ineffective and unsafe, especially in the neck area 
which is packed with several vital nearby structures.

Further research in the field should provide evidence that 
ultrasound is at least equivalent or superior to traditional 
imaging techniques as fluoroscopy or CT in terms of effec-
tiveness and safety of diagnostic or therapeutic cervical facet 
nerve interventions.
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Ultrasound-Guided Cervical 
Zygapophyseal (Facet) Intra-Articular 
Injection

Samer N. Narouze

�Anatomy of the Cervical Facet Joints

Cervical facet joints are diarthrodial joints formed by the 
superior articular process of one cervical vertebra articulating 
with the inferior articular process of the vertebrae above at the 
level of the junction of the lamina and the pedicle. The angu-
lation of the facet joint increases caudally, being about 45 
degrees superior to the transverse plane at the upper cervical 
level to assuming a more vertical position at the upper tho-
racic level. The superior articular process also faces in a more 
posteromedial direction at the upper cervical level, and this 
changes to a more posterolateral position at the lower cervical 
level, with C6 being the most common transition level [1, 2].

Each facet joint has a fibrous capsule and is lined by a 
synovial membrane. The joint also contains varying amounts 
of adipose and fibrous tissue, forming different types of 
synovial folds contributing to different pathophysiologies for 
joint dysfunction [3].

Excessive facet joint compression and capsular ligament strain 
have been implicated in neck pain after whiplash injury [4]. The 
facet joint and capsule have been shown to contain nociceptive 
elements suggesting that they may be an independent pain gen-
erator [5]. Facet joint degeneration is more common in the elderly, 
and the prevalence of facet joint involvement in chronic neck pain 
has been reported to be from 35% to 55% [6, 7].

�Indications for Cervical Zygapophyseal Joint 
Intra-Articular Injection

Facet joint-mediated pain cannot be diagnosed based only on 
clinical examination or radiologic imaging. Cervical facet 
intra-articular injection has been utilized in the diagnosis and 

management of facetogenic pain [8]. However, evidence for 
effective relief of neck pain with cervical zygapophyseal 
injections is lacking [9, 10]. Cervical medial branch block is 
still considered the gold standard to diagnose pain stemming 
from the facet joints [11].

�Literature Review of Ultrasound-Guided 
Cervical Facet Injections

Galiano and colleagues [12] reported the feasibility of 
ultrasound (US)-guided cervical facet joint intra-articular 
injections in cadavers using a lateral approach. The facet 
joints from C2–C3 to C6–C7 were accurately identified in 
36 of 40 cases. CT confirmed needle tip placement inside 
the joint space. The same group later studied and advo-
cated the use of an ultrasound-guided CT-assisted naviga-
tion system as a teaching tool for performing facet 
injections [13].

Obernauer and coworkers [14] conducted a prospec-
tive randomized clinical trial to evaluate accuracy, time-
saving, radiation doses, and pain relief of US-guided 
cervical facet joint injections versus computed tomogra-
phy (CT)-controlled interventions. Forty adult patients 
were consecutively enrolled and randomly assigned to 
the US or CT group. The accuracy of US-guided inter-
ventions was 100%. The mean time (min/sec) to final 
needle placement in the US group was 04:46 versus 11:12 
(p  <  0.05) in the CT group for one injected level and 
05:49 in the US group versus 14:32 (p < 0.05) in the CT 
group for two injected levels. Both groups showed the 
same significant visual analog scale (VAS) relief in pain. 
The authors concluded that US-guided cervical facet 
intra-articular injections show the same therapeutic effect 
as CT-guided intra-articular injections and result in a sig-
nificant reduction of procedure duration without any 
exposure to radiation [14].
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�Ultrasound-Guided Technique for Cervical 
Facet Intra-Articular Injection

�Lateral Approach

The patient is placed in the lateral position, and the correct 
cervical level is identified (see Chap. 8). A high-frequency 
linear transducer is used to obtain a short-axis view. The 
superior articular and the inferior articular processes forming 
the facet joint appear as hyperechoic signals and the joint 
space in between as an anechoic gap (Fig. 7.1). The needle is 
inserted at the lateral end of the transducer and advanced 
from posterior to anterior—in plane—under real-time ultra-
sonography to the target (joint space) [15].

�Posterior Approach

The posterior approach is more practical than the lateral 
one because the patient is in the prone position, and bilat-
eral injections can be performed without the need to change 
position. A sagittal scan is obtained first at the midline to 
identify the correct cervical level. C1 spine has no or rudi-
mentary spinous process, and the first identified bifid spi-
nous process belongs to C2 (Fig. 7.2). Following this one 
can continue counting caudally. A linear or a curved trans-
ducer may be used, depending on the size of the patient. 
A longitudinal scan is obtained initially at the midline 
(spinous process); then by scanning laterally, one can eas-
ily see the lamina, and further laterally the facet column 
will appear in the image as the characteristic “saw sign” 
(Fig.  7.3). If in doubt, one can scan even more laterally 

until the facet joints are no longer in the image and then 
come back medially toward them. The inferior articular 
processes of the level above and the superior articular pro-
cess of the level below appear as a hyperechoic signals, 
and the joint space appears as anechoic gap in between 
(Fig. 7.4). The needle is then inserted inferior to the caudal 
end of the transducer and advanced from caudad to cepha-
lad—in plane— to enter the caudal end of the joint under 
real-time ultrasonography (Fig.  7.5). We believe that this 
is another advantage of this US approach, as this caudal to 
cranial direction is matching the caudal angulation of the 
cervical facet joint, making it easier for the needle to get 
into the joint space atraumatically [16].

Fig. 7.1  Short-axis (transverse) US image at the level of the articular 
pillar showing the C5-C6 joint space (asterisk). a anterior tubercle; N 
nerve root; p posterior tubercle

Fig. 7.2  A midline longitudinal scan through the cervical spinous 
processes level. Note that the C1 immediately caudal to the occiput has 
only a rudimentary spinous process compared to the bifid spinous pro-
cess of C2

Fig. 7.3  The paramedian position of the ultrasound transducer to 
obtain a sagittal longitudinal scan through the facet column is shown. 
The needle is advanced in-plane into the C5–C6 facet joint
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Fig. 7.4  (a) and (b) sagittal longitudinal sonogram showing the articular processes of the facet joints as the “saw sign”

Fig. 7.5  The needle is introduced caudal to the transducer and 
advanced in-plane into the caudal part of the C4–C5 facet joint (arrow-
heads). Occ occiput
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�Anatomy of Cervical Nerve Root

The cervical spinal nerve occupies the lower part of the 
foramen with the periradicular veins in the upper part. The 
radicular arteries arising from the vertebral, ascending cervi-
cal, and deep cervical arteries lie in close approximation to 
the spinal nerve.

Huntoon showed in cadavers that the ascending and deep 
cervical arteries may contribute to the anterior spinal artery 
along with the vertebral artery. Twenty percent of the foram-
ina dissected had the ascending cervical artery or deep cervi-
cal artery branches within 2  mm of the needle path for a 
cervical transforaminal procedure. One third of these vessels 
entered the foramen posteriorly, potentially forming a radic-
ular or a segmental feeder vessel to the spinal cord, thereby 
making it vulnerable to inadvertent injury or injection even 
during correct needle placement [1].

In a single cadaver study, Hoeft and coworkers [2] showed 
that radicular artery branches from the vertebral artery lie 
over the most anteromedial aspect of the foramen; however 
those that arise from the ascending or deep cervical arteries 
are of greatest clinical significance because they must course 
medially throughout the entire length of the foramen.

�Indications

Cervical nerve root block or transforaminal epidural injec-
tion is indicated in cervical radicular pain that is not respon-
sive to conservative therapy.

Cervical epidural injections can be performed using an 
interlaminar or a transforaminal approach. Since cervical 
radicular pain is frequently caused by foraminal stenosis, the 
transforaminal approach can maximize the concentration of 

steroid delivered to the affected nerve roots while reducing 
the volume of injectate required; this approach has been 
shown to be effective in relieving radicular symptoms [3, 4].

�Limitations of the Fluoroscopy-Guided 
Techniques

Cervical transforaminal injections have been traditionally 
performed with the use of fluoroscopy or computed tomog-
raphy (CT). However, there have been few reports of fatal 
complications in the literature as a result of vertebral artery 
injury [5, 6] and/or infarction of the spinal cord and the 
brainstem [7–11]. The mechanism of injury was hypothe-
sized to be vasospasm or the particulate nature of the steroid 
injectate with embolus formation after inadvertent intra-
arterial injection [7, 8].

Currently, the guidelines for cervical transforaminal 
injection technique involve introducing the needle under 
fluoroscopic guidance into the posterior aspect of the inter-
vertebral foramen just anterior to the superior articular 
process in the oblique view to minimize the risk of injury 
to the vertebral artery or the nerve root [12]. Despite strict 
adherence to these guidelines, adverse outcomes have been 
reported [7, 8]. A potential shortcoming of the described 
fluoroscopy-guided procedure is that the needle may punc-
ture a critical contributing vessel to the anterior spinal 
artery in the posterior aspect of the intervertebral foramen 
[1]. Here ultrasonography may come to play because it 
allows for visualization of soft tissues, nerves, and vessels 
and the spread of the injectate around the nerve; thus it 
may be potentially advantageous to fluoroscopy.

Ultrasound (US) allows real-time identification of the ves-
sels before needle puncture. This is the most distinct advan-
tage over fluoroscopic guidance, in which this complication 
can be recognized only after aberrant vascular uptake is noted 
with contrast agent injection. In other words, US can “prevent” 
intravascular penetration, while contrast fluoroscopy can 
“detect” intravascular injection after the fact [13, 14].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7754-3_8&domain=pdf
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�Literature Review and Advantages 
of Ultrasound-Guided Cervical Nerve Root 
Block

�Extraforaminal “Periradicular” 
Versus Transforaminal Spread

It is very important to identify the target in the US-guided 
technique. The target is the nerve root, or more specifically 
the ventral ramus, in the transverse process groove between 
the anterior and posterior tubercles. Thus with US, the pro-
cedure is an extraforaminal selective nerve root block. This 
is contrary to the fluoroscopy-guided technique, in which 
the procedure is intended to be a transforaminal epidural 
injection.

As we described before, with a US approach, the needle is 
intentionally placed extraforaminally to avoid the vascularity 
within the foramen. Accordingly it is not feasible to monitor 
the spread of the injectate through the foramen into the ante-
rior epidural space because of the bony artifact of the trans-
verse process. We therefore refer to this approach as a 
cervical selective nerve root block rather than cervical trans-
foraminal epidural injection [15].

Yamauchi and colleagues [16] monitored the efficacy and 
the spread of injectate in US-guided cervical nerve root 
block in a clinical study as well as a cadaveric study.

All target nerve roots in the 12 patients and 10 cadavers 
were correctly identified by US. This study suggested that 
there is no difference in the analgesic effects after US-guided 
injections, although the injectate spread tends to be mainly 
extraforaminal compared with the conventional transforami-
nal fluoroscopic technique [16].

Lee and coworkers [17] compared the technical differ-
ences and clinical outcomes between US-guided cervical 
periradicular steroid injection (US-CPSI) and conventional 
fluoroscopy-guided transforaminal epidural injection. Their 
data suggested that US-CPSI can provide an adequate local 
spread pattern and tissue penetration for treatment of cervi-
cal radicular pain [17].

�Identification of Small Critical Vessels

Narouze and associates [15] reported a pilot study of ten 
patients who received cervical nerve root injections using US 
as the primary imaging tool with fluoroscopy as the control 
tool. In four patients they were able to identify vessels at the 
anterior aspect of the foramen, while two patients had critical 
vessels at the posterior aspect of the foramen. Further, in one 
patient this artery continued medially into the foramen, most 
likely forming or joining a segmental feeder artery. In these 
two cases, such vessels could have been injured easily in the 
pathway of a correctly placed needle with fluoroscopy.

Jee and coworkers [18] evaluated the efficacy and safety 
of US-guided cervical nerve root block in comparison to 
fluoroscopy-guided injection in a prospective randomized, 
blinded, clinical trial (RCT). A total of 120 patients were 
randomly assigned to either fluoroscopy or US.  The treat-
ment effects and functional improvement after the nerve root 
block were compared at 2 and 12 weeks. There was no statis-
tical difference between the two groups [18].

The authors in this study reproduced the findings by 
Narouze and colleagues but in a larger cohort of patients. In 
21 patients in the US group, vessels were identified at the 
anterior aspect of the foramen. Eleven patients had a critical 
vessel at the posterior aspect of the foramen, and five patients 
had an artery continued medially into the foramen. On the 
other hand, five cases of intravascular injections were 
observed in the fluoroscopy group.

Obernauer and group [19] also evaluated the accuracy, 
time saving, radiation doses, safety, and pain relief after 
US-guided versus CT-guided cervical nerve root injections in 
a prospective randomized clinical trial (RCT). The accuracy 
of US-guided injections was 100%. The mean time to final 
needle placement in the US group was 2:21 ± 1:43 min versus 
10:33 ± 02:30 min in the CT group. Both groups showed the 
same significant improvement in visual analog scale [19].

�Why Ultrasound?

•	 Radiation-free imaging

This is especially important with cervical injections in 
which there are increased scattered radiations from the 
C-arm [20].

•	 Short procedure time compared to CT [19]. Fluoroscopy 
time was reported to be significantly increased when a 
vascular injection was identified [20].

•	 Ability to identify and avoid vessels in the trajectory of 
the needle.

The incidence of vascular injection in fluoroscopy-guided 
CTFIs is significantly high (Table 8.1) [21–25]. This has led 
some to question the safety of the procedure. However, the 
incidence of vascular injections in the reported US-guided 
cervical nerve root injection studies was 0% (Table  8.2) 
[15, 18, 19].

US is an excellent tool in visualizing and hence avoiding 
vascular injury during cervical spine procedures, while con-
trast fluoroscopy can only detect that the tip of the needle 
is intravascular. One should be mindful that fluoroscopy 
may not detect that the needle has already traversed a ves-
sel on its way to the target, while US may help avoid this 
complication.

S. N. Narouze
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•	 US offers dynamic real-time imaging of the cervical 
spine, thereby avoiding the need to continuously adjust 
the C-arm to obtain a true lateral or an oblique foraminal 
view of the cervical spine [14].

Pearls for Improving the Safety for Cervical Nerve Root 
Injection

•	 Real-time contrast fluoroscopy
•	 Digital subtraction angiography (whenever available)
•	 US guidance
•	 Blunt tip needle
•	 Test dose
•	 Diagnostic block with LA only
•	 Therapeutic block with nonparticulate steroids

�Sonoanatomy of the Cervical Spine 
and Identification of the Cervical Level

With patients lying in the lateral decubitus position, US 
examination is performed using a high-resolution linear 
array transducer. The transducer is applied transversely to 
the lateral aspect of the neck to obtain a short-axis view of 
the cervical spine (Fig. 8.1). One can easily identify the cer-
vical transverse process with the anterior and posterior tuber-
cles as hyperechoic structures, the “two-humped camel” 
sign, and the hypoechoic round-to-oval nerve root in between 
(Fig. 8.2) [15]. First, the cervical level is determined by iden-
tifying the transverse process of the seventh and sixth cervi-
cal vertebrae (C7 and C6.) The seventh cervical transverse 
process (C7) differs from the above levels because it usually 
has a rudimentary anterior tubercle and one prominent poste-
rior tubercle (Fig. 8.3) [26]. By moving the transducer crani-
ally, the transverse process of the sixth cervical spine comes 
into the image with the characteristic sharp anterior tubercle 

(Fig. 8.4), after which the consecutive cervical spinal level 
can easily be identified. At higher levels than C6, the anterior 
tubercle becomes shorter and equal to the posterior tubercle 
with a shallow groove in between (see Fig. 8.2). Another way 
to determine the cervical spinal level is by following the ver-
tebral artery, which runs anteriorly at the C7 level (see 
Fig. 8.3) before it enters the foramen of the C6 transverse 
process in about 90% of cases. However, it enters at C5 or 
higher in about 10% of cases (Fig. 8.5) [27].

�Ultrasound-Guided Technique for Cervical 
Selective Nerve Root Block

Once the appropriate spinal level is identified, a 22-gauge 
blunt tip needle can be introduced under real-time US guid-
ance from posterior to anterior with an in-plane technique to 
target the corresponding cervical nerve root (from C3 to C8) 
at the external foraminal opening between the anterior and 
posterior tubercles of the transverse process (see Fig. 8.2). 
The spread of the injectate around the cervical nerve can suc-
cessfully be monitored with real-time US, and the absence of 
such spread around the nerve root may suggest unsuspected 
or inadvertent intravascular injection. However, it is difficult 
to monitor the spread of the injectate through the foramen 
into the epidural space because of the bony dropout artifact 
of the transverse process. We therefore refer to this approach 
as a cervical selective nerve root block rather than a cervical 
transforaminal epidural injection.

The author believes that visualization of such small 
vessels (radicular arteries) may be very challenging and 
requires special training and expertise. Real-time fluoros-
copy with contrast injection and digital subtraction when 
available should still be used with US as an adjunct to 
help identify blood vessels in the vicinity of the foramen 
(Figs. 8.6, 8.7, and 8.8).

Table 8.1  Incidence of vascular injections with fluoroscopy-guided 
cervical transforaminal injections

Study Injections, n Vascular injection, % With DSA, %
Smuck et al. [21] 121 32.8% –
Furman et al. 
[22]

504 19.4% –

Nahm et al. [23] 136 20.6% –
Kim et al. [24] 71 63.4% –
McLean et al. 
[25]

134 17.9% 32.8%

Table 8.2  Incidence of vascular injections with US-guided cervical 
nerve root injections

Study
Injections, 
n

Vascular injection 
with ultrasound, %

Vascular injection 
with fluoroscopy 
control, %

Narouze 
et al. [15]

10 0 20

Jee et al. 
[18]

60 0   9

Obernauer 
et al. [19]

20 0 –
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Fig. 8.1  The orientation of the US transducer to obtain a short-axis view at C6 level is shown. (Reprinted with permission, Cleveland Clinic 
Center for Medical Art & Photography© 2008–2010. All rights reserved)
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Fig. 8.2  Short-axis transverse US images showing the anterior tubercle (at) and the posterior tubercle (pt) of the C5 transverse process as the 
two-humped camel sign. N nerve root, CA carotid artery. Solid arrows are pointing to the needle in place at the posterior aspect of the intervertebral 
foramen

Fig. 8.3  (a, b) Short-axis transverse US image showing the pt of the C7 transverse process. Note that the vertebral artery (VA) is anterior to the 
C7 nerve root. No anterior tubercle. (Reprinted with permission from Ohio Pain and Headache Institute)
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Fig. 8.4  Short-axis transverse US image showing the sharp anterior 
tubercle (at) of the C6 transverse process (C6tp). N nerve root, CA 
carotid artery, pt posterior tubercle. Solid arrows are pointing to the 
needle in place at the posterior aspect of the intervertebral foramen

Fig. 8.5  Short-axis transverse US image showing the sharp anterior 
tubercle (at) of the C6 transverse process; the vertebral artery (VA) is 
anterior. N nerve root, CA carotid artery, pt posterior tubercle

Fig. 8.6  Short-axis transverse US image with color Doppler showing a 
small artery at the anterior aspect of the intravertebral foramen. at ante-
rior tubercle, pt posterior tubercle, VA vertebral artery. (Reprinted with 
permission from Ohio Pain and Headache Institute)

Fig. 8.7  Short-axis transverse US image with color Doppler showing a 
small vessel at the posterior aspect of the intravertebral foramen. at 
anterior tubercle, pt posterior tubercle. (Reprinted with permission 
from Ohio Pain and Headache Institute)
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�Introduction

Thoracic paravertebral block (TPVB) is the technique of 
injecting local anesthetic alongside the thoracic vertebral 
body close to where the spinal nerves emerge from the inter-
vertebral foramen. This produces unilateral (ipsilateral), seg-
mental, somatic, and sympathetic nerve blockade in multiple 
contiguous thoracic dermatomes [1, 2], which is effective for 
managing acute and chronic pain of unilateral origin from 
the thorax and abdomen [3]. Recently, TPVB has also been 
used for surgical anesthesia in patients undergoing inguinal 
herniorrhaphy [4] and breast surgery [5, 6] with improved 
postoperative outcomes [3].

�Anatomy

The thoracic paravertebral space (TPVS) is a wedge-shaped 
space located on either side of the vertebral column (Fig. 9.1) 
[3]. Anterolaterally it is bound by the parietal pleura (PP), 
while the superior costotransverse ligament (SCL), which 
extends from the lower border of the transverse process 
above to the upper border of the transverse process below, 
forms the posterior border (Figs. 9.1 and 9.2) [3]. The base 
of the wedge is formed by the posterolateral surface of the 
vertebral body, intervertebral disk, and the intervertebral 
foramen with its contents [3]. Interposed between the PP and 
the SCL is a fibroelastic structure, the “endothoracic fascia,” 
[3, 7, 8] which is the deep fascia of the thorax (Figs. 9.1, 9.2, 
and 9.3) [3, 7, 8] and lines the inside of the chest wall. A 
layer of loose areolar tissue, the “subserous fascia,” is pres-
ent between the PP and the endothoracic fascia (Figs. 9.1 and 
9.2) [3, 7]. The endothoracic fascia thus divides the TPVS 

into two potential fascial compartments, the anterior “extra-
pleural paravertebral compartment” and the posterior “sub-
endothoracic paravertebral compartment” (Fig.  9.1). The 
TPVS contains fatty tissue within which lie the intercostal 
nerve, the dorsal rami, the intercostal vessels, and the sym-
pathetic chain. The TPVS communicates with the contigu-
ous space above and below, the epidural space medially, the 
intercostal space laterally, the contralateral paravertebral 
space via the prevertebral and epidural route, and inferiorly 
(the lower TPVSs) with the retroperitoneal space posterior to 
the fascia transversalis via the medial and lateral arcuate 
ligaments [3, 8, 9]. The cranial extension of the TPVS is still 
not defined, but we have observed spread of radiocontrast 
medium to the cervical paravertebral region on chest radio-
graph after thoracic paravertebral injection.

�Mechanism of Blockade

The exact mechanism by which a thoracic paravertebral 
injection produces ipsilateral, segmental, thoracic anesthesia 
and analgesia is still not clear. A thoracic paravertebral injec-
tion may remain localized to the space injected [10], or it may 
spread to contiguous spaces above and below [8, 11, 12], the 
intercostal space laterally [3, 11–13], the epidural space 
medially [11, 13], or a combination of the above [3]. This is 
how the ipsilateral somatic and sympathetic nerves, including 
the posterior primary ramus, at multiple contiguous thoracic 
levels are affected [3]. The role of epidural spread in the 
extension of sensory blockade after thoracic paravertebral 
injection is still not clear. Varying degrees of epidural spread 
have been shown to occur in majority (70%) of patients [13]. 
However, the volume of injectate that enters the epidural 
space is only a small fraction of the total injectate [12] and 
confined to the side of the injection [13]. Sensory blockade is 
also unilateral and greater after epidural spread than after 
paravertebral spread only [13]. Current evidence therefore 
suggests that epidural spread after thoracic paravertebral 
injection contributes to the extension of a TPVB [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7754-3_9&domain=pdf
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�Techniques of TPVB

There are several different techniques of performing TPVB, 
and it can be performed with the patient in the sitting, lat-
eral decubitus (with the side to be blocked uppermost), or 
prone position [3]. The technique that is most frequently 
used involves eliciting “loss of resistance.” [14] At the 
appropriate dermatome under aseptic precautions, a 22-G 
Tuohy needle (for a single-shot injection) or a 18- or 16-G 
Tuohy needle, if a catheter is to be inserted, is introduced 

2.5 cm lateral to the highest point of the spinous process 
and advanced perpendicular to the skin in all planes until 
the transverse process is contacted. For safety, it is impera-
tive to locate the transverse process before the needle is 
advanced any further to avoid deep needle insertion and 
possible inadvertent pleural puncture. Once the transverse 
process is located, the needle is withdrawn to the subcuta-
neous tissue and readvanced in a cephalad direction to pass 
through the space between the two transverse processes 
until loss of resistance is elicited as the needle traverses the 
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SCL, usually within 1.5–2 cm from the transverse process. 
Occasionally a subtle pop may also be felt. Unlike epidural 
space location, the loss of resistance felt as the needle 
enters the TPVS is subjective and indefinite [14–16]. More 
often it is usually a change of resistance rather than a defi-
nite give. It is the author’s experience that the loss of resis-
tance is best appreciated if one uses a glass syringe filled 
with air. Luyet et al. [17] have recently demonstrated the 
presence of a gap between the medial and lateral portions 
of the SCL in cadavers, which they propose is a possible 
reason for not being able to elicit a loss of resistance in all 
cases [17].

Alternatively for TPVB the block needle may also be 
advanced by a fixed predetermined distance (1–2 cm) once 
the needle is walked of the transverse process without elicit-
ing loss of resistance [18]. This variation has been used very 
effectively with minimal complications including pneumo-
thorax [18]. Other techniques that have been used to perform 
TPVB include “the medial approach,” “pressure measure-
ment technique,” “paravertebral-peridural block,” “fluoros-
copy guidance,” and “paravertebral catheter placement under 
direct vision at thoracotomy.” [3] It is not known whether 

advancing the needle superior to or inferior to the transverse 
process affects the overall extent and quality of TPVB [3].

�Ultrasound-Guided TPVB

TPVB is traditionally performed using surface anatomical 
landmarks, and although it is a blind technique, it is techni-
cally simple [3] and has a high success rate [3, 5, 19, 20], and 
the overall complication rate is relatively low [3, 5, 19–21]. 
Recently, there has been an increase in interest in the use of 
ultrasound for peripheral [22–24] and central neuraxial 
blocks [25–27]. However, data on the use of ultrasound for 
TPVB are limited with only a few publications on the subject 
to date [17, 28–32].

Pusch et al. [32] used ultrasound to measure the distance 
from the skin to the transverse process and pleura in women 
who were scheduled to receive a single-shot TPVB at T4 for 
breast surgery and found a good correlation between needle 
insertion depth from the skin to the transverse process and 
that measured using ultrasound [32]. They also found a good 
correlation between ultrasound-measured distance from the 
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skin to the PP and the eventual distance from the skin to the 
paravertebral space that was measured after needle place-
ment [32]. Hara et  al. were the first group to describe 
ultrasound-guided (USG) TPVB (single shot), which they 
successfully performed in 25 women undergoing breast sur-
gery [31]. They performed a sagittal scan over the paraverte-
bral area at the T4 level and were able to delineate the 
transverse processes, the ligaments (intertransverse and cos-
totransverse ligaments), and the pleura and were also able to 
measure the distance from the skin to these structures before 
block placement [31]. The block needle was inserted, under 
ultrasound guidance, in the short axis of the ultrasound beam 
(out-of-plane technique) until it contacted the transverse pro-
cess [31]. Loss of resistance to saline was then elicited by 
advancing the needle above the transverse process, without 
ultrasound guidance, and the spread of the local anesthetic 
injection was visualized in real time using ultrasound [31]. 
Hara et al. report turbulence at the level of the injection in all 
(100%) cases and forward displacement of the parietal pleura 
in four (16%) cases [31]. Since all the injections resulted in a 
successful block, these sonographic changes may be consid-
ered as objective evidence of a correct paravertebral injec-
tion during USG TPVB. Another interesting observation that 
Hara et al. made in their cohort of patients is that while they 
were able to delineate the parietal pleura at the T4 level in all 
their patients, it was not possible to do so at the T1 level in 
any patient [31]. The exact reason for this difference is not 
clear but may be related to the greater depth to the paraverte-
bral space in the upper thoracic region compared to the mid-
thoracic region [33] and the use of high-frequency ultrasound 
which lacks penetration and thus lacks the ability to visualize 
structures at a depth such as the pleura. Future research 
should investigate whether low-frequency ultrasound, which 
penetrates deeper into tissues, can circumvent this problem 
in the upper thoracic region.

Luyet et al. recently described a cadaver study in which 
they investigated the feasibility of performing USG TPVB 
and catheter placement [17]. The authors performed a sagit-
tal scan of the paravertebral region at the mid-thoracic level 
(T4–T8) using low-frequency ultrasound (2–5  MHz) [17]. 
They were able to delineate the underlying paravertebral 
anatomy (transverse process, costotransverse ligament, and 
pleura) and observed that the best views of the paravertebral 
anatomy were obtained with the transducer tilted slightly 
obliquely, i.e., with the upper part of the transducer directed 
slightly medially in the sagittal axis [17]. An 18-G Tuohy 
needle was then inserted in the plane of the ultrasound beam 
(in-plane technique) and advanced under ultrasound guid-
ance to the TPVS [17]. Correct position of the needle in the 
paravertebral space was confirmed by injecting saline and 
observing distension of the paravertebral space [17], similar 
to that reported by Hara et  al. [31] A catheter was then 
inserted through the Tuohy needle, and 10 ml of a dilute con-

trast medium was injected via the catheter, after which axial 
CT scans of the thoracic spine was performed. The catheter 
itself could not be visualized, and various types of contrast 
spread were noted on the CT scans: paravertebral, epidural 
(only), intercostal, prevertebral, and pleural [17]. The inci-
dence of pleural puncture (5%) with the US technique 
described [17] appears to be higher than that reported after 
landmark-based techniques (pleural puncture 1.1%) [21]. 
However, before we make any conclusion, we must bear in 
mind that this was a cadaver study and the results may not 
translate into clinical practice. Further clinical research eval-
uating the technique of USG paravertebral catheter place-
ment as described by Luyet et al. [17] is warranted.

Shibata and Nishiwaki [30] and Ben-Ari et  al. [28] 
describe an intercostal approach to the paravertebral space. 
While there are minor differences in the two approaches 
described above [28, 30], it basically involves performing a 
transverse scan of the paravertebral region with a high-
frequency linear transducer at the desired level and advanc-
ing the block needle from a lateral to medial direction in the 
plane of the ultrasound beam [28, 30] until the tip of the 
block needle is confirmed to be in the apex of the TPVS [28, 
30]. On a transverse sonogram, the apex of TPVS is identi-
fied as a wedge-shaped hypoechoic space between the hyper-
echoic parietal pleura anteriorly and the internal intercostal 
membrane posteriorly and is continuous laterally with the 
posterior intercostal space [30]. Therefore, local anesthetic 
injected into the posterior intercostal space can spread medi-
ally to the TPVS. A correct injection is confirmed by observ-
ing anterior displacement of the parietal pleura [28, 30] and 
widening of the apex of the TPVS. Shibata and Nishiwaki 
[30] suggest that since the block needle is inserted tangential 
to the pleura, this technique should reduce the risk of pleural 
puncture [30]. However, it is our experience that this 
approach causes significant pain and discomfort to the 
patients during needle insertion, particularly when one per-
forms the multiple injection TPVB for breast surgery despite 
using a fine bore block needle (22 G). This may be due to the 
greater distance that the block needle has to traverse before it 
enters the TPVS when compared to a traditional landmark-
based injection. Therefore, one should consider sedation and 
analgesia for patient comfort when using this approach for 
block or catheter placement. Moreover, since the block nee-
dle is advanced in the direction of the intervertebral foramen, 
there is need for larger trials to determine the incidence of 
complications with this intercostal approach because central 
neuraxial complications after TPVB are more common with 
a medially directed needle [3].

More recently O’Riain et al. [29] in a cadaver and clinical 
study described an in-plane technique of performing USG 
TPVB. A high-frequency linear transducer (10–5 MHz) was 
positioned at a point 2.5 cm later to the tip of the spinous 
process in the longitudinal axis producing a paramedian sag-
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ittal scan of the TPVS [29]. The authors describe the con-
tiguous transverse processes as two dark lines [29]. The PP 
was deep to the transverse process and also seen as a hyper-
echoic structure that moved with respiration [29]. The SCL 
was less well defined but was seen as a collection of linear 
echogenic bands interspersed with hypoechoic areas between 
two contiguous transverse processes [29]. The TPVS was 
seen as a hypoechoic space between the SCL and PP [29]. 
For the block, the midpoint of the transducer was positioned 
midway between two contiguous transverse processes, and a 
Tuohy needle (18 G) was inserted in-plane and in a cephalad 
orientation until it traversed the SCL [29]. Saline was 
injected to confirm the needle position by demonstrating 
anterior displacement of the PP and to facilitate catheter 
placement [29]. The authors comment that it was difficult to 
track the tip of the advancing needle, which they attribute to 
the acute angle of needle insertion [29]. Nevertheless, they 
were able to successfully place a paravertebral catheter in 
eight of the ten attempts in the cadavers, and all patients in 
the clinical study (n = 9) had evidence of thoracic wall anes-
thesia and provided postoperative analgesia [29].

Other than the data described above, the author is not 
aware of any other published data describing the sonoanat-
omy relevant for TPVB or the technique of performing real-
time USG TPVB in the clinical setting. The following section 
is a summary of the author’s work on USG TPVB.

�Sonoanatomy Relevant for TPVB

�Basic Considerations

An ultrasound scan for TPVB can be performed in the trans-
verse (axial scan) or longitudinal (sagittal scan) axis with the 
patient in the sitting (author’s preference), lateral decubitus, 
or prone position. The prone position is useful in patients 
presenting for a chronic pain procedure when fluoroscopy 
may also be used in conjunction with ultrasound imaging. 
Currently, there are no data demonstrating an optimal axis 
for the scan or the intervention. It is often a matter of indi-
vidual preference and experience. The transducer used for 
the ultrasound scan depends on the body habitus of the 
patient. High-frequency ultrasound provides better resolu-
tion than low-frequency ultrasound, but its penetration is 
poor. Moreover, if one has to scan at a depth using high-
frequency ultrasound, then the field of vision is also signifi-
cantly narrow. Under such circumstances it may be preferable 
to use a low-frequency ultrasound transducer (2–5  MHz) 
with a divergent beam and a wide field of vision. The author 
prefers to use a high-frequency linear transducer (13–6 MHz) 
for scanning the thoracic paravertebral region because the 
transverse process, costotransverse ligament, and the pleura 
in the mid-thoracic region are located at a relatively shallow 

depth in patients that he cares for in his clinical practice. It is 
also the author’s practice to perform a scout (preview) scan 
before the ultrasound-guided intervention. The objectives of 
the scout scan is to preview the anatomy, identify any under-
lying asymptomatic abnormality or variation, optimize the 
image, measure relevant distances to the transverse process 
and pleura, and identify the best possible location and trajec-
tory for needle insertion. A liberal amount of ultrasound gel 
is applied to the skin over the thoracic paravertebral region at 
the level of injection for acoustic coupling prior to the scan, 
and sterile ultrasound gel must be used during the USG inter-
vention. The ultrasound image is optimized by making the 
following adjustments on the ultrasound unit: (a) selecting 
an appropriate preset (small parts or musculoskeletal preset), 
(b) setting an appropriate scanning depth (4–6  cm), (c) 
selecting the “general” optimization (mid-frequency range) 
option of the broadband transducer, (d) adjusting the “focus” 
to the right depth corresponding to the area of interest, and 
finally (e) manually adjusting the “gain,” “dynamic range” 
map, and “compression” settings to obtain the best possible 
image. Compound imaging and tissue harmonic imaging 
when available are useful in improving the quality of the 
images.

�Transverse Scan of the Thoracic Paravertebral 
Region

For a transverse scan of the thoracic paravertebral region, the 
ultrasound transducer is positioned lateral to the spinous pro-
cess with the orientation marker directed to the right side of 
the patient (Fig. 9.4). On a transverse sonogram, the paraspi-
nal muscles are clearly delineated and lie superficial to the 
transverse process (Figs. 9.5 and 9.6). The transverse process 
is seen as a hyperechoic structure, anterior to which there is 
a dark acoustic shadow which completely obscures the TPVS 
(Fig. 9.5). Lateral to the transverse process, the hyperechoic 
pleura that moves with respiration and exhibits the typical 
“lung sliding sign,” [34] which is the sonographic appear-
ance of the pleural surfaces moving relative to each other 
within the thorax, is seen. Comet tail artifacts, which are 
reverberation artifacts, may also be seen deep to the pleura 
and within the lung tissue and are often synchronous with 
respiration [34]. A hypoechoic space is also seen between 
the parietal pleura and the internal intercostal membrane 
(Figs.  9.5 and 9.6), which is the medial extension of the 
internal intercostal muscle and is continuous medially with 
the SCL (Fig.  9.7). This hypoechoic space represents the 
medial limit of the posterior intercostal space or the apex of 
the TPVS, and the two communicate with each other 
(Figs. 9.5, 9.6, and 9.7). Therefore, local anesthetic injected 
medially into the TPVS can often be seen to spread laterally 
to distend this space or vice versa; local anesthetic injected 
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laterally into this space can spread medially to the paraverte-
bral space and is the basis of the intercostal approach for 
USG TPVB [28, 30] where the needle is inserted in the plane 
of the US beam from a lateral to medial direction (see below, 
Technique 3). From the scan position described above (i.e., 
over the transverse process), if one slides the transducer 
slightly cranially or caudally, it is possible to perform a 
transverse scan of the paravertebral region with the ultra-
sound beam being insonated between the two transverse pro-

cesses. The ultrasound signal is now not impeded by the 
transverse process or the costotransverse junction, and parts 
of the parietal pleura and the “true” TPVS can now be faintly 
visualized (Figs. 9.6 and 9.8). The SCL which forms the pos-
terior border of the TPVS is also visible, and it blends later-
ally with the internal intercostal membrane, which forms the 
posterior border of the posterior intercostal space (Fig. 9.8). 
The communication between the TPVS and the posterior 
intercostal space is also clearly seen (Fig. 9.8).
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compartment

Subendothoracic
compartment

Intercostal
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Fig. 9.4  The orientation of 
the ultrasound transducer and 
how the ultrasound beam is 
insonated during a transverse 
scan of the thoracic 
paravertebral region is shown. 
The transverse process (TP) 
usually casts an acoustic 
shadow (represented in 
black), which obscures the 
ultrasound visibility of the 
TPVS. (Picture in the inset 
shows the position of the 
ultrasound transducer relative 
to the spine)

Fig. 9.5  Transverse 
sonogram of the thoracic 
paravertebral region with the 
ultrasound beam being 
insonated over the transverse 
process. (Note how the 
acoustic shadow of the TP 
obscures the TPVS. The 
hypoechoic space between the 
parietal pleura and the lateral 
costotransverse ligament and 
internal intercostal membrane 
laterally represents the apex 
of the TPVS or the medial 
limit of the posterior 
intercostal space)
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�Sagittal Scan of the Thoracic Paravertebral 
Region

During a sagittal scan of the thoracic paravertebral region, 
the ultrasound transducer is positioned 2–3 cm lateral to the 
midline with its orientation marker directed cranially 
(Fig. 9.9). On a sagittal sonogram, the transverse processes 
are seen as hyperechoic and rounded structures deep to the 
paraspinal muscles, and they cast an acoustic shadow anteri-
orly (Figs. 9.10 and 9.11). In between the acoustic shadows 
of two adjacent transverse processes, there is an acoustic 
window produced by reflections from the SCTL and inter-
transverse ligaments, the paravertebral space and its con-
tents, the PP, and lung tissue (in a posterior to anterior 
direction) (Figs. 9.10 and 9.11). It is the author’s observation 
that the pleura and the paravertebral space are not clearly 
delineated in a true sagittal scan (Fig. 9.9), which may be due 
to the loss of spatial resolution at the depth or due to “anisot-
ropy,” because the ultrasound beam is not being insonated at 

right angles to the pleura due to its anteromedial reflection 
close to the vertebral bodies. In a recent investigation, our 
group has demonstrated objectively that the ultrasound visi-
bility of the SCL, the paravertebral space, and the pleura is 
better when the ultrasound beam is insonated in a slightly 
oblique axis, i.e., with the ultrasound transducer tilted 
slightly laterally or outward (data to be published) (Fig. 9.12). 
The author believes by doing so the ultrasound beam encoun-
ters less bony obstruction from the transverse processes and 
the beam is also more at right angles to the pleura explaining 
why the paravertebral space and parietal pleura are better 
visualized (Fig.  9.12). Therefore, the “paramedian sagittal 
oblique axis” is in the author’s opinion the optimal axis for 
sagittal ultrasound imaging of the TPVS. However, this only 
allows one to visualize the apical part of the paravertebral 
space. Moreover, with current ultrasound technology, the 
author has not been able to visualize the intercostal nerve in 
the paravertebral space, but the intercostal vessels are more 
readily visible using Doppler ultrasound (Fig. 9.13).

Fig. 9.6  A multiplanar 3D view of the TPVS. (Note how the three slice planes (red transverse, green sagittal, and blue coronal) are obtained. PSM 
paraspinal muscles, SCL superior costotransverse ligament, TPVS thoracic paravertebral space, TP transverse process)
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Internal intercostal muscle

Internal intercostal membrane

Lateral constotransverse ligament

Superior constotransverse ligament

Costotransverse ligament

Intertransverse ligament

Thoracic paravertebral space

Fig. 9.7  Anatomy of the thoracic paravertebral region showing the various paravertebral ligaments and their anatomical relations to the TPVS

Fig. 9.8  Transverse 
sonogram of the thoracic 
paravertebral region with the 
ultrasound beam being 
insonated between two 
adjacent transverse processes. 
(Note that the acoustic 
shadow of the transverse 
process is now less obvious, 
and parts of the TPVS and the 
anteromedial reflection of the 
pleura are now visible. The 
superior costotransverse 
ligament (SCL) which forms 
the posterior border of the 
TPVS is also visible, and it 
blends laterally with the 
internal intercostal membrane, 
which forms the posterior 
border of the posterior 
intercostal space. The 
communication between the 
TPVS and the posterior 
intercostal space is also 
clearly seen)
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�Techniques of USG TPVB

Today there are no data or consensus on the best or safest 
approach for USG TPVB.  Real-time USG TPVB can be 
performed using any one of the three different approaches 
described below.

�Transverse Scan with Short-Axis Needle 
Insertion (Technique 1)

In this technique, a transverse scan of the thoracic paraverte-
bral region at the desired level is performed as described 
above, and the block needle is inserted in the short axis of the 
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Fig. 9.9  The orientation of 
the ultrasound transducer and 
how the ultrasound beam is 
insonated during a 
paramedian sagittal scan of 
the thoracic paravertebral 
region is shown. (The picture 
in the inset shows the position 
of the ultrasound transducer 
relative to the spine during the 
scan)

Fig. 9.10  Paramedian 
sagittal sonogram of the 
thoracic paravertebral region. 
(Note that although the pleura 
and the TPVS are visible, they 
are not clearly delineated. TP 
transverse process)
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ultrasound beam (Fig. 9.14). During the scout scan, the depth 
to the transverse process and pleura is determined. The direc-
tion of needle insertion with this approach is similar to that 
when one performs a TPVB using surface anatomical land-
marks. Since the needle is inserted in the short axis, it is visu-
alized only as a bright spot, and the aim of this approach is to 
guide the needle to the TP.  Once the TP is contacted, the 
needle is slightly withdrawn and readvanced by a predeter-
mined distance of 1.5 cm so as to pass under the transverse 
process into the TPVS. After negative aspiration for blood or 
CSF, the calculated dose of local anesthetic is injected in ali-
quots. Following the injection it is common to see widening 
of the apex of the TPVS and anterior displacement of the 

pleura by the local anesthetic (Fig. 9.14). The local anesthetic 
may also spread to the posterior intercostal space laterally. 
Widening of the contiguous paravertebral spaces by the 
injected local anesthetic can also be visualized on a sagittal 
scan.

�Paramedian Sagittal Oblique Scan 
with In-Plane Needle Insertion (Technique 2)

In this approach, a paramedian sagittal oblique scan is per-
formed as described above (Fig. 9.12), and the block needle 
is inserted in the plane of the ultrasound beam (Fig. 9.15). It 
is the author’s experience that, although the block needle is 
inserted in the plane of the ultrasound beam, it is often quite 
challenging to visualize the needle with this approach. This 
is in agreement with that reported by O’Riain et  al. [29]. 
This may be because the block needle is often inserted at 
quite an acute angle and the ultrasound beam is also 
insonated with a slight oblique (outward) tilt for optimal 
visibility of the TPVS. Therefore, it is the author’s practice 
to advance the block needle under ultrasound guidance to 
contact the lower border of the TP, after which the needle is 
slightly withdrawn and readvanced so as to pass under the 
lower border of the TP.  A test bolus of normal saline 
(2–3  ml) is then injected, and sonographic evidence 
(described above) is sought to ensure that the tip of the nee-
dle is in the TPVS. A calculated dose of local anesthetic is 
then injected in aliquots. Following the injection it is com-
mon to see anterior displacement of the pleura, widening of 
the paravertebral space, and an increased echogenicity of 
the pleura (Fig. 9.16) that are objective signs of a correct 

Fig. 9.11  A rendered 3D view of the TPVS. The acquired 3D volume 
has been rendered such that the sagittal anatomy of the TPVS is being 
visualized from the lateral (intercostal space) side. (Note the apical part 
of the TPVS is clearly delineated between the SCL and the parietal 
pleura)

Fig. 9.12  Paramedian 
sagittal oblique sonogram of 
the thoracic paravertebral 
region. The picture in the 
inset shows how the 
transducer is tilted slightly 
laterally (outward) during the 
scan. (Note the pleura, SCL, 
and TPVS are now clearly 
delineated (same patient as in 
Fig. 9.10). TP transverse 
process, IIM internal 
intercostal membrane)
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injection into the TPVS. The author has also observed, in 
real time, the spread of the injected local anesthetic to the 
contiguous paravertebral spaces (Fig. 9.16) confirming pre-
vious reports that the contiguous TPVSs communicate with 
each other [3].

�Transverse Scan with In-Plane Needle Insertion 
or the Intercostal Approach to the TPVS 
(Technique 3)

In this approach, a transverse scan is performed as described 
above (Fig. 9.5), and the block needle is inserted in the plane 

Fig. 9.13  Paramedian 
sagittal oblique sonogram of 
the thoracic paravertebral 
region showing the color 
Doppler signal from the 
intercostal artery in the 
paravertebral space. TP 
transverse process

Fig. 9.14  Ultrasound-guided 
TPVB using a transverse scan 
in which the block needle is 
inserted in the short axis of 
the ultrasound plane 
(Technique 1). (Note the 
widening of the paravertebral 
space and anterior 
displacement of the pleura by 
the local anesthetic on the 
transverse sonogram. The 
local anesthetic is also seen to 
spread to the posterior 
intercostal space laterally. The 
picture in the inset shows how 
the transducer is oriented and 
the direction in which the 
needle is inserted. SCL 
superior costotransverse 
ligament)
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of the ultrasound beam from a lateral to medial direction 
(Fig. 9.17) until the tip of the block needle is seen to lie in the 
posterior intercostal space or the apex of the TPVS. A test 
bolus of normal saline (2–3  ml) is then injected, and 
sonographic evidence (described above) is sought to ensure 

that the tip of the needle is in the apical part of the TPVS. A 
calculated dose of local anesthetic is then slowly injected in 
aliquots. It is common to see widening of the paravertebral 
space and anterior displacement of the parietal pleura during 
the injection (Fig. 9.17). Compared with the other techniques 

Fig. 9.15  Ultrasound-guided 
TPVB using a paramedian 
sagittal oblique scan 
(Technique 2). The long white 
arrow represents the direction 
in which the needle is 
inserted, and the picture in the 
inset shows how the block 
needle is inserted in the long 
axis of the ultrasound plane. 
Visualizing the block needle 
with this approach can be 
very challenging. TP 
transverse process, SCL 
superior costotransverse 
ligament, IIL internal 
intercostal membrane

Fig. 9.16  Paramedian 
sagittal oblique sonogram of 
the TPVS after local 
anesthetic injection 
(Technique 2). (Note the 
widening of the paravertebral 
space and displacement of the 
pleura. The local anesthetic is 
also seen to have spread to the 
contiguous paravertebral 
space from the level of 
injection. TP transverse 
process)
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described above, the block needle is best visualized with this 
approach since it is inserted in the plane of the ultrasound 
beam. However, since the needle is inserted from a lateral to 
medial direction, i.e., toward the intervertebral foramen, it 
may predispose to a higher incidence of epidural spread or 
inadvertent intrathecal injection [3]. Further research is 
required to confirm the safety and efficacy of this technique 
in clinical practice. Furthermore, since the block needle 
traverses the greatest amount of soft tissue, this approach 
also appears to cause the greatest amount of discomfort and 
pain to the patient during block placement and necessitates 
large doses of intravenous sedation and analgesia during 
multilevel paravertebral injections.

�Conclusion

Recent improvements in ultrasound technology and image 
processing capabilities of ultrasound machines have made it 
possible to image parts of the TPVS. Being able to delineate 
the relevant anatomy of the TPVS before and during a TPVB 
in real time may offer several advantages. Ultrasound is non-
invasive, safe, and simple to use, involves no radiation, and 
appears to be a promising alternative to traditional landmark-
based techniques for TPVB. Using ultrasound one is able to 
preview the paravertebral anatomy prior to block placement 
and determine the depth to the transverse process and pleura. 
The latter defines the maximum safe depth for needle 

insertion and may help reduce the incidence of pleural punc-
ture. Ultrasound guidance during TPVB also allows the 
block needle to be advanced accurately to the TPVS and 
visualize the distribution of the local anesthetic during the 
injection in real time. This may translate into improved tech-
nical outcomes, higher success rates, and reduced needle-
related complications. However, there is a need to establish 
an optimal axis for ultrasound imaging and needle insertion 
because visualization of the block needle during USG TPVB 
can be quite challenging. Ultrasound is also an excellent 
teaching tool for demonstrating the anatomy relevant for 
TPVB and has the potential to improve the learning curve of 
this technique. Currently, there are limited data on the use of 
ultrasound for TPVB, and further research is warranted to 
establish its role in clinical practice.
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Ultrasound-Guided Lumbar Facet Nerve 
Block and Intra-articular injection

David M. Irwin and Michael Gofeld

�Introduction

The concept of blocking the spinal nerves is validated by 
relieving the pain transmitted by that nerve. Similarly, block-
ing a painful structure (e.g., inflamed joint) should provide at 
least temporal alleviation of pain. Diagnostic and therapeutic 
lumbar zygapophysial (facet) nerve and joint interventions 
are among the most commonly performed injections in pain 
management. Traditionally, fluoroscopic guidance is required 
to ensure precise needle positioning and to exclude intravas-
cular injection. Since the procedure is considered to be a 
low-risk intervention, utilization of ultrasound guidance is 
thought to be an attractive alternative to fluoroscopy mainly 
because it renders no ionizing radiation to the patient and 
medical personnel and helps identify soft tissue targets. In 
addition, ultrasound-guided procedures are essentially 
“office-based” and do not require a radiology suite or operat-
ing room.

�Anatomy

The lumbar vertebrae, L3–L5, are most frequently involved 
in spinal pathology because these vertebrae carry the major-
ity of body weight and are subject to the largest stress forces 
along the spine. Each vertebra is connected to the adjacent 
level by the intervertebral disk anteriorly and the zygapophy-
sial or facet joints in the posterior. The vertebral body is a 
thin rim of dense cortical bone encompassing the trabecular 
inner milieu. The pedicles are two short, rounded processes 
that extend posteriorly from the lateral margin of the dorsal 
vertebral body. The laminae are two flattened plates of the 
bone extending medially from the pedicles to form the poste-

rior wall of the vertebral foramen. The ligamentum flavum 
anchors the posterior wall of each vertebra. As the nerve root 
exits the foramen, it divides into ventral and dorsal rami. 
Dorsal ramus gives off three branches, the medial, intermedi-
ate, and lateral branches. Each facet joint is innervated by the 
medial branch at the corresponding level and from the level 
above. Medial branches travel in the groove formatted by the 
corresponding superior articular process (SAP) and the 
transverse process or may lie slightly cephalad at the base of 
the SAP. The L5 medial branch is an articular nerve network 
with variable pathway, and, therefore, the L5 dorsal ramus is 
targeted. This nerve is constantly located at the root of the S1 
SAP and the sacral ala. Anatomic variations of the lumbar 
spine can pose a challenge during image-guided zygapophy-
sial nerve and joint injection. Variations, including scoliosis, 
the sixth lumbar vertebrae, sacralization of the fifth lumbar 
vertebra, and pseudoarthrosis, can lead to erroneous and 
incorrect level of needle placement. Thus, it is imperative to 
review prior imaging studies when planning an interven-
tional procedure.

�Literature Review

Over the past decade, ultrasonography has been introduced 
in regional anesthesia to visualize paraspinal and neuroaxial 
structures. Grau and Arzola demonstrated that the distance to 
the epidural space can be measured by ultrasound (US) in 
obstetric anesthesia [1, 2]. In 2008, Lee concluded that pre-
procedure spinal sonography may prevent inadvertent dural 
puncture by revealing aberrant anatomy of the lumbar spine 
and ligamentum flavum [3]. In 2009, Luyet published his 
techniques for ultrasound-assisted paravertebral punctures 
and catheter placement on human cadavers [4]. The first pub-
lication related to ultrasound-guided pain management pro-
cedures described a periarticular injection of lumbar 
zygapophysial joints [5]. The method was later validated in 
2007, when Galiano et al. concluded that the US approach to 
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the lumbar facet joints is feasible with minimal risks in a 
large majority of patients and results in a significant reduc-
tion of procedure duration vs. CT-controlled interventions 
[6]. The cleft of the zygapophysial joint is usually visible in 
the transverse view of the lumbar vertebrae. When inacces-
sible joints were excluded, the authors reported an 80% suc-
cess rate. Notwithstanding the reported satisfactory results, 
the Galiano et al. study raised two important concerns: the 
CT was used for imaging validation and no contrast dye was 
injected [6]. The current routine practice in accordance with 
guidelines from several different interventional procedure-
based societies mandates the use of fluoroscopy-guided nee-
dle placement with confirmatory injection of a radiopaque 
agent. A recently performed cadaveric study validated the 
US-guided facet injections using the standard imaging proto-
col. The outcome measured was radiological confirmation of 
intra-articular contrast. Contrast was observed within the 
joint space in 88% of injections using 0.2–0.3 ml of the con-
trast dye [13]. If ‘invisible’ joints (not visible on US) were 
excluded, the success rate would have been 96%.

Lumbar zygapophysial joint pain is routinely diagnosed by 
the analgesic blockade of the sensory nerves [7]. US guidance 
of such injections has been studied on healthy volunteers [8] 
and validated against CT [6, 9]. In the recently published clini-
cal study with fluoroscopic control [10], all 101 needles were 
placed at the correct lumbar segment, and 96 (95%) of the 
needles were in the correct position. Two injections were asso-
ciated with an intravascular spread of the contrast dye. Mean 
pain score on the visual analog scale was reduced from 52 
before to 16 after blockade [10]. The study had several limita-
tions, in particular, a relatively low body mass index (BMI) of 
the study patients, which might have allowed good visualiza-
tion of the spine and ultimately resulted in high technical suc-
cess. In addition, patients with the pain related to the 
lumbosacral zygapophysial joint were excluded from the 
study [10], and, therefore, L5 dorsal ramus block has not been 
evaluated. However, in the earlier study by Greher et al. [9], 
US imaging was of an adequate quality in a patient with BMI 
36 kg/m2; thus obesity was deemed as a nonabsolute contrain-
dication. Nonetheless,  Rauch et  al. concluded that medial 
branch blocks cannot be performed by US guidance in obese 
patients [11]. This most likely identifies one of the limitations 
of ultrasonography in the performance of lumbar medial 
branch blocks. Most technically challenging target is the L5 
dorsal ramus. Its deep location and acoustic interference from 
the iliac crest make the injection perplexing and often impos-
sible. Previous studies excluded L5 dorsal ramus, limiting the 
clinical usability of an ultra-sound-guided blockade of the 
lumbar facet nerves. The recently published study of Greher 
et  al. outlined a new oblique out-of-plane technique in a 
rotated cross-axis view  [12]. The final needle position was 
confirmed with fluoroscopy. The overall success rate in 
unselected cadavers reached 80% and in the subgroup of 
corpses without spondylolis-thesis 100%. 

�Scanning Technique

With the patient in the prone position, a pillow is placed 
under the abdomen to diminish lumbar lordosis. A 3–8 MHz 
curvilinear US probe is utilized to perform the examination. 
US scanning of the spine requires following a particular 
sequence in image acquisition to obtain optimal views of the 
soft tissues (paraspinous muscles, ligaments, dura) and ver-
tebrae. Liberal amount of ultrasound gel is applied on the 
skin. Starting at the sacrum, longitudinal scanning begins 
with the transducer positioned at the midline. In patients 
with scoliosis, medial or lateral tilting may be required to 
obtain an optimal view (Fig.  10.1). Skin marking can be 
done with a pen alongside the transducer to help localize 
spinal levels and provide “reference points” of anatomic 
structures. Once the longitudinal midline images are 
obtained, the transducer is gently shifted laterally until a 
“sawtooth” hyperechoic line is seen (Fig. 10.2). This bony 
structure represents the superior and inferior articular pro-
cesses; however, the joint space cannot be seen on that view. 
Shifting the probe further laterally reveals a hyperechoic 
dotted line. These are the transverse processes with the 
hypoechoic soft tissue between them (Fig. 10.3). The most 
caudal wide bone shadow in this view typically represents 
the sacrum.

After completion of the longitudinal scanning, for a sec-
ond time starting at the sacrum, axial (short-axis) sonogra-
phy is performed. The first distinct midline bony protuberance 
is the S1 median crest of the sacrum (Fig. 10.4). The trans-
ducer is then moved cephalad until a deep hyperechoic struc-
ture is seen. This normally corresponds to the L5/S1 
intrathecal space (Fig.  10.5). Typically, a hyperechoic 
enhancement of the signal is seen when US is passed through 
the cerebrospinal fluid and reflects off the ventral dura and 
the posterior longitudinal ligament. Sometimes, particularly 
in young patients, two hyperechoic lines can be seen; these 
represent the posterior dura and the ventral dura.

Next midline hyperechoic signal, cephalad to the intrathe-
cal space, is the L5 spinous process. At any lumbar level, two 
axial views can be obtained: the “interlaminar window” 
(Fig.  10.5) and the “spinous process/lamina window” 
(Fig. 10.6). (Note: At the “spinous process/lamina” position, 
the facet joint cannot be seen. Instead the exiting ventral 
ramus is occasionally visible.) It is advisable to continue 
cephalad scanning and identify all lumbar spinous processes 
and correlate those with the previously performed skin mark-
ing. This correlation will prevent injections at an erroneous 
level. When the transducer is firmly positioned at the desired 
level, a three-step shadow of the lumbar vertebra will become 
evident: the most superficial hyperechoic structure is the 
interspinous ligament or the spinous process, with the zyg-
apophysial joint positioned just inferiorly and lateral to it and 
the transverse process located further inferiorly and laterally 
(Fig. 10.7). Fine tuning of the probe will help to “open the 
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Fig. 10.1  Left: midline position of the transducer (semitransparent red 
rectangle). Right: sonographic long-axis view of the lumbar spine 
showing the L4 (L4) and L5 (L5) spinous processes, the median S1 

crest (SC), the hyperechoic lines of dorsal (DD) and ventral dura (VD), 
and the hypoechoic intrathecal (IT) space

Fig. 10.2  Left: paramedian position of the transducer (semitransparent red rectangle). Right: sonographic long-axis view of the lumbar spine with 
the L4/L5 (L4/L5) and L5/S1 (L5/S1) zygapophysial joint contours and the S1 (arrowhead) dorsal foramen. The joint gap is not visible in this view

Fig. 10.3  Left: lateral position of the transducer (semitransparent red 
rectangle). Right: sonographic long-axis view showing the L4 (L4) and 
L5 (L5) transverse processes and the sacral ala (SA). Upper edge of 

the transverse process, or the sacral ala, immediately lateral to the supe-
rior articular process (arrow) is the correct anatomical target

10  Ultrasound-Guided Lumbar Facet Nerve Block and Intra-articular injection
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Fig. 10.4  Left: axial position of the transducer (semitransparent red rectangle). Right: sonographic short-axis view of the sacrum showing the S1 
median crest (arrowhead) and the hyperechoic surface (arrows) of the sacrum

Fig. 10.5  Left: axial position of the transducer (semitransparent red 
rectangle). Right: sonographic short-axis view of the lumbosacral seg-
ment showing the hypoechoic L5/S1 interspinous ligament (ISL), the 

L5/S1 zygapophysial joints (curved arrows), the intrathecal (IT) space, 
the S1 superior articular process (SAP), the sacral ala (SA), and the iliac 
crest (IC)

Fig. 10.6  Left: axial position of the transducer (semitransparent red 
rectangle). Right: sonographic short-axis view of the L4 vertebra (bone 
window). L4 (SP) spinous process and L4 lamina (LM) are completely 

shadowing the L4 vertebral body (VB). Intrathecal space and the trans-
verse process are not visible at this view. Exiting L4 nerve root is seen 
on the left (pin arrow)
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joint” and to visualize the angle between the superior 
articular and transverse processes. The latter is the anatomi-
cal target for the medial branch block (L1–L4). At the L5/S1 
level, junction of the S1 SAP with the sacral ala should be 
targeted. Iliac crest is typically seen laterally to the sacral ala 
(Fig. 10.8).

�Injection Technique

�Lumbar (L1–L4) Zygapophysial Medial Branch 
and L5 Dorsal Ramus Nerve Block

An antiseptic is utilized to prepare the skin at the block area. 
The US transducer is covered by a sterile sleeve. The patient is 
positioned prone with a pillow under the abdomen to diminish 
the lumbar lordosis. Sterile ultrasound gel should be used.

The procedure begins with longitudinal scanning of the 
midline, starting from the sacrum as described above. The 
transducer is then rotated to obtain the short-axis view of the 
desired level. The previously described three-step shadow of 
the lumbar vertebra is obtained. Depth is measured and the 
insertion angle is estimated (Fig.  10.9). A block needle is 
inserted immediately next to the lateral edge of the transducer 
and advanced inplane until it contacts the bony surface at the 
root of the corresponding SAP (Fig.  10.10). The L5 dorsal 
ramus block can be technically challenging due to high iliac 
crest. If the iliac crest is obscuring the view, the injection may 
be done using an out-of-plane approach (see below). 
Alternatively, an oblique technique described by Greher at al. 
[12] can be utilized. Once the bone contact is made, the trans-
ducer is rotated sagittally to obtain the longitudinal view and 
positioned paravertebrally at the “transverse processes” plane. 
The shadows of the transverse processes and/or the sacral ala 

Fig. 10.7  Left: axial position of the transducer (semitransparent red 
rectangle). Right: sonographic short-axis view of the L4/L5 segment 
showing the hypoechoic L4/L5 interspinous ligament (ISL), the L4/L5 

zygapophysial joints (curved arrows), the dorsal (DD) and ventral dura 
(VD), the L5 SAP, and the L4 transverse process (TP)

Fig. 10.8  Left: axial position of the transducer (semitransparent red 
rectangle). Right: sonographic short-axis right-sided view of the lum-
bosacral segment showing the hypoechoic L5/S1 interspinous ligament 

(ISL), the ligamentum flavum (LF), the dorsal (DD) and ventral dura 
(VD), the intrathecal (IT) space, the right S1 superior articular process 
(SAP), the sacral ala (SA), and the iliac crest (IC)
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Fig. 10.9  Short-axis view of a lumbar vertebra: lateral to the midline 
transducer positioning which improves visualization of the target and 
decreases injection angle. The skin to target distance (dotted line) is 
6 cm

Fig. 10.10  The needle (N) is positioned using the short-axis inplane 
approach to the angle between transverse (TP) and superior articular 
processes (SAP)

Fig. 10.11  Final checkup of the needle (N) tip positioning at the upper 
part of the L5 transverse process (L5) is done utilizing long-axis out-of-
plane view

should be localized. Agitation of the needle will help to iden-
tify its position in this out-of-plane sonographic view. The 
needle tip must be seen at the upper part of the transverse pro-
cess or the sacral ala (Fig. 10.11). If the needle did not contact 
the bone at the predetermined depth, the longitudinal view 
should clarify the needle tip position relative to the transverse 
process. In this case, the needle tip will be seen somewhat 
below or above the bone shadow. Failure to recognize the tip 
position may result in transforaminal advancement of the nee-
dle and injury of the exiting nerve root.

After verification of the needle position, 0.5 ml of local 
anesthetic is injected. It is utmost important to visualize the 
tip during injection. High-resolution US allows observation 

of a hypoechoic expansion produced by the injectate. Failure 
to identify this phenomenon indicates an improper needle 
placement or intravascular injection. 

When the L5 dorsal ramus block is performed in an out-
of-plane approach, the transducer is positioned at the level 
L5/S1 at the short axis. The root of the S1 SAP (the angle 
between S1 SAP and the sacral ala) is kept in the middle of 
image. The block needle is inserted immediately caudad to 
the midpoint of the transducer and advanced in the caudo-
cephalad direction until the tip contacts the target, S1/sacral 
ala junction (Fig.  10.8). The longitudinal view should be 
applied to verify that the tip is not positioned beyond the 
sacral ala into the L5/S1 intervertebral foramen.

Intraarticular Lumbar Zygapophyseal Joint 
Injection

The preparation and initial scanning are following the same 
protocol as for the medial branch injection. The transducer is 
held at the short-axis view to the corresponding lumbar ver-
tebra, and a fine-tuning is performed to achieve the best 
sonogram of the posterior joint opening (the gap) (Fig. 
10.12). A block needle is then inserted inplaneaiming the 
“gap”. It is unnecesssary to forse the needle between the 
superior and inferior articular processes. An accurate place-
ment right at the posterior joint gap will assure a subcapsular 
location of the needle tip.  Once the injection is initiated, a 
distinctive “bouncing” feeling will be appreciated, and an 
anechoic signal of the injected medicine should be traced 
next to the dorsal surface of the articular processes and into 
the joint. If the injection pressure is low and the injectate 
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spread is registered into the multifidi muscles, the needle is 
placed outside the joint capsule.

�Limitations of Ultrasound-Guided 
Zygapophysial Nerve and Joint Injection

US guidance provides a feasible alternative to radiologic 
image-guided lumbar zygapophysial (facet) nerve and joint 
interventions. However, US guidance may not provide clear 
image acquisition in patients whose anatomic features pose 
particular challenges (e.g., obesity, severe degenerative 
changes, malformations). In addition, US cannot clearly 
detect an intravascular injection or inadvertent foraminal 
spread. Lastly, one of the largest limiting factors is the level 
of expertise and training of the sonographer.
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�Introduction

Lumbar periradicular infiltrations (nerve root blocks) are 
well established in the diagnosis and management of lumbar 
radiculopathy [1]. Lumbar periradicular injections are pref-
erentially performed as fluoroscopically or computed tomog-
raphy (CT)-controlled interventions [2, 3]. However, both 
guidance modalities have significant radiation exposure, at 
least in part, expensive equipment. As an alternative guid-
ance method, ultrasound (US) imaging is also applicable for 
spinal infiltrations [4–8] and for lumbar periradicular injec-
tions [9].

�Ultrasound-Guided Technique

A standard US device with a broadband curved array trans-
ducer working at 2–5 MHz is usually used. The patients are 
positioned prone. To reduce lumbar lordosis, a cushion 
should be placed under the abdomen. The image gain should 
be set to maximum penetration as only the bony surfaces are 
of interest for the depictions. A posterior paravertebral para-
sagittal sonogram is first obtained to identify the different 
spinal levels (Fig.  11.1). Then a transverse sonogram is 
obtained at the desired level (see previous chapter). The spi-
nous process and adjacent structures (lamina of vertebral 
arch, zygapophyseal articulations, inferior and superior 
facet, transverse process, and vertebral isthmus) have to be 
clearly delineated with Fig. 11.2.

Once the correct level is identified in the sagittal plane, 
the transducer is rotated, and the corresponding spinous pro-
cess is traced until the lamina can be delineated. The lamina 
should be demonstrated in their entire length to assess their 
lower margin. The next slit laterally is the facet joint space. 
Starting from this imaging, the intervertebral foramen and 
the corresponding spinal nerve can be traced [9] (Fig. 11.2).

The nerve root leaves the neuroforamen under the liga-
ment between the transverse processes. The needle should be 
advanced very slowly when approaching the neuroforamen 
and going under the transverse processes, because radicular 
pain can be provoked. Sometimes the nerve root in the neu-
roforamen cannot be clearly depicted. In this case, we try to 
demonstrate both adjacent transverse processes before 
advancing the needle tip very slowly toward the neurofora-
men. On approaching the nerve root, the patients will feel 
slight paresthesia along the corresponding nerve root terri-
tory (clinical control), at which point the needle is slightly 
withdrawn and the medication delivered.

We recommend the “in-plane-technique” in which the 
whole needle path is under control at any time and no mis-
match between needle, needle tip, and target is actually pos-
sible (Fig. 11.3).

�Limitations of the Ultrasound-Guided 
Technique

For a successful infiltration, two conditions are required: a 
clear depiction of the target and a clear delineation of the nee-
dle (tip) directed to the target. Therefore, the first step is to 
adjust the US modalities for the lumbar approach. To visualize 
the bony surfaces, a hard image (maximum penetration gain) 
has to be captured by using an appropriate setting with modi-
fied gain and persistence. Otherwise, the patient’s tissue shows 
up differently, compromising the sonoanatomy and the possi-
bility to achieve clear sonographic images. In our experience, 
the depiction of the target can be particularly demanding in 
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patients with an altered fatty muscle consistency. Such tissue 
is like foam plastic and cannot be penetrated by the US signal, 
which results in a low picture quality. Obviously, in obese 
patients or subjects with prior lumbar surgery (distinct scar 
formation, instrumentation, laminectomy), to date, the US 
approach cannot be recommended. Keeping the needle tip in 
the viewing field as the needle is advanced toward the target 
requires some practice. Failing to do so was the most common 
mistake observed in residents being trained on US-guided 
peripheral nerve blocks. Persistent failure to visualize the nee-
dle tip was documented even after performing more than 100 
US-guided peripheral nerve blocks, suggesting that experi-
enced practitioners can also face substantial difficulties. 

Needle advancements and/or drug injections without adequate 
needle tip visualization may result in unintentional vascular or 
neural injuries. Using surrogate markers of tip location, such 
as tissue movement (jiggling the needle in small, controlled, 
in-out movements) and hydrolocation (rapid injection of small 
amount of fluid, 0.5–1 ml), is sometimes very helpful [10]. A 
promising feature to visualize the needle tip might be the 
development of needles with a sensor in the needle tip. This 
sensor would be recognized by the US technology and reported 
in real time in the sonographic picture. Nevertheless, this tech-
nique and its practical impact still have to be evaluated.

In our experience, lumbar spinal periradicular infiltrations 
are feasible in most patients. However, intravascular injec-
tions cannot be reliably recognized in all patients as the 
ultrasound will lack enough resolution at such depth.
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�Introduction

Central neuraxial blocks (CNBs; spinal and epidural) are 
techniques that are frequently used for anesthesia or analge-
sia in the perioperative period and for managing chronic 
pain. Success of these techniques depends on one’s ability to 
accurately locate the epidural or the intrathecal space. 
Traditionally, CNBs are performed using surface anatomical 
landmarks, fascial clicks, visualizing the free flow of cere-
brospinal fluid (CSF) and “loss of resistance.” Although ana-
tomical landmarks are useful, they are often difficult to 
locate or palpate in patients with obesity [1], edema in their 
backs, and underlying spinal deformity or after spinal sur-
gery. Even in the absence of the above, a given intervertebral 
space is accurately identified in only 30% [2, 3] of cases, and 
anesthesiologists very frequently incorrectly identify a space 
higher than intended [2, 4, 5], which has been attributed as a 
cause for injury of the conus medullaris [4] or spinal cord [6] 
after spinal anesthesia. This error is exaggerated by obesity 
[2] and as one tries to locate an intervertebral space in the 
upper spinal levels [2, 4, 5]. Therefore, the Tuffier’s line, a 
surface anatomical landmark that is ubiquitously used during 
CNB, is not a reliable landmark [5]. Moreover, because of 
the blind nature of the landmark-based techniques, it is not 
possible for the operator to predict the ease or difficulty of 
needle placement prior to skin puncture. Data from the 
United Kingdom indicate that 15% of spinal anesthetics are 
technically difficult [7], 10% require more than five attempts 
[7], and a failed CNB can occur in 5% of patients below the 
age of 50 [8]. Multiple attempts at needle placement can lead 
to pain and discomfort to the patient and injury to soft tissue 

structures that lie in the path of the advancing needle and 
may rarely result in complications, such as dural puncture, 
postdural puncture headache, or epidural hematoma. 
Therefore, any method that can reduce technical difficulties 
or assist the operator during CNB is desirable.

Various imaging modalities (CT scan, MRI, and fluoros-
copy) have been used to improve precision and accuracy dur-
ing peripheral nerve blockade [9], chronic pain interventions 
[10], and lumbar puncture [11]. However, this is not practical 
in the operating room environment because it involves trans-
fer of the patient to the radiology suite, availability of a trained 
radiologist to interpret the images, and exposure to radiation 
and/or contrast medium with their attendant risks. Recent 
years have seen an increase in interest in the use of ultrasound 
(US) for interventions in regional anesthesia [12] and pain 
medicine. There is evidence that peripheral nerve blocks that 
are performed with US, when compared with peripheral 
nerve stimulation, take less time to perform, require fewer 
needle passes, require less local anesthetic dosage, has a 
faster onset, produce superior quality of sensory blockade, 
last longer in duration, is less likely to fail, and also reduces 
inadvertent vascular puncture [12, 13]. When used for chronic 
pain interventions, US may eliminate or reduce exposure to 
radiation, something that may be welcomed by pain physi-
cians. The US machine is gradually becoming an integral part 
of the armamentarium of an anesthesiologist, and an increas-
ing number of peripheral nerve blocks are being performed 
with US assistance or real-time guidance. The same may also 
be true in pain medicine as pain physicians are embracing the 
US machine and performing pain interventions under ultra-
sound guidance [14, 15] or in conjunction with fluoroscopy 
[16]. US may also offer other advantages when used for 
CNB. It is noninvasive, safe, and simple to use, can be quickly 
performed, does not involve exposure to radiation, provides 
real-time images, is free from adverse effects, and may also 
be beneficial in patients with abnormal or variant spinal anat-
omy. In this chapter, the author reviews our current under-
standing of spinal sonography and its applications for CNB.
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�History

Published literature suggests that Bogin and Stulin were the 
first to report the use of US for central neuraxial interven-
tions [17]. They used ultrasound to perform lumbar puncture 
and described their experience, in the Russian literature, in 
1971 [17]. Porter et al. in 1978 used US to image the lumbar 
spine and measure the diameter of the spinal canal in diag-
nostic radiology [18]. Cork et al. were the first group of anes-
thesiologists to use US to locate the landmarks relevant for 
epidural anesthesia [19]. Despite the poor quality of the US 
images in 1980, Cork et  al.’s report was able to define, 
although for the skeptic not very convincingly, the lamina, 
ligamentum flavum, transverse process, spinal canal, and 
vertebral body [19]. Thereafter, US was used mostly to pre-
view the spinal anatomy and measure the distances from the 
skin to the lamina and epidural space before epidural punc-
ture [20, 21]. Grau et al. from Heidelberg in Germany con-
ducted a series of investigations, between 2001 and 2004, to 
evaluate the utility of US for epidural access [22–28], which 
significantly improved our understanding of spinal sonogra-
phy. Grau et  al. also describe a two-operator technique of 
real-time US visualization, through a paramedian sagittal 
axis, of an advancing epidural needle that was inserted 
through the midline during a combined spinal epidural pro-
cedure [29]. It appears that the quality of US imaging that 
was available at the time hindered widespread acceptance 
and further research in this area. Recent improvements in US 
technology allow us to image the spine and neuraxial struc-
tures with improved clarity, and the authors group from the 
Chinese University of Hong Kong has recently published 
their experience on real-time ultrasound-guided (USG) epi-
dural access performed by a single operator [30].

�Ultrasound Imaging of the Spine

�Basic Considerations

The neuraxial structures are located at a depth that necessi-
tates the use of low-frequency US (2–5  MHz) and curved 
array transducers for US imaging of the spine. Low-
frequency US provides good penetration but lacks spatial 
resolution at the depths (5–7  cm) at which the neuraxial 
structures are located. Nevertheless, high-frequency US has 
also been used to image the spine [31, 32]. Although high-
frequency US provides better resolution than low-frequency 
US, it lacks penetration, which seriously limits its usage 
other than for imaging superficial structures of the spine [31, 
32]. Moreover, the field of vision with a high-frequency lin-
ear transducers is also very limited compared to that of a 
low-frequency curved array transducer which produces a 
divergent beam with a wide field of vision. The latter is 

particularly useful during USG interventions of the spine 
(see below). Besides, the bony framework of the spine also 
does not lend to optimal conditions for US imaging of the 
neuraxial structures because it reflects majority of the inci-
dent US energy before it even reaches the spinal canal. 
Moreover, the acoustic shadow of the bony structures of the 
spine produces a narrow acoustic window for imaging. This 
often results in US images of variable quality. However, 
recent improvements in US technology, image processing 
capabilities of US machines, the availability of compound 
imaging, and the development of new scan protocols (see 
below) have significantly improved our ability to image the 
spine. Today it is possible to accurately identify the neuraxial 
anatomy relevant for CNB [30, 33]. Also of note is that tech-
nology that was once only available in the high-end cart-
based US systems are now available in portable US devices 
making them adequate for spinal sonography and USG CNB.

�Axis of Scan

An US scan of the spine can be performed in the transverse 
(axial scan) [33, 34] or longitudinal (sagittal) [30] axis with 
the patient in the sitting [24, 25, 29, 33], lateral decubitus 
[30], or prone [16] position. The sagittal scan is performed 
either through the midline (midline sagittal or median scan) 
or through a paramedian [paramedian sagittal scan (PMSS)] 
location. The prone position is useful in patients presenting 
for a chronic pain procedure when fluoroscopy may also be 
used in conjunction with US imaging [16]. Since the bony 
framework of the spine wraps around the neuraxial struc-
tures, they can only be optimally visualized, within the spi-
nal canal, if the US beam is insonated through the widest 
acoustic window available. Grau et al. have demonstrated 
that the PMSS plane is better than the median transverse or 
median sagittal plane for visualizing the neuraxial struc-
tures [22]. There are also proponents of the transverse axis 
for US imaging the spine [34]. In fact the two axis of scan 
complement each other during an US examination of the 
spine [34]. In a recent investigation, the authors group 
objectively compared the visibility of neuraxial structures 
when the spine was imaged in the paramedian sagittal and 
paramedian oblique sagittal axis, i.e., with the transducer 
tilted slightly medially during the scan (Fig.  12.1). The 
medial tilt is done to ensure that the incident US beam 
enters the spinal canal through the widest part of the inter-
laminar space and not the lateral sulcus. Neuraxial struc-
tures were significantly better visualized in the PMOS 
scans (data to be published), and therefore the PMOS axis 
is the author’s preferred axis for imaging during USG CNB 
in the lumbar region (see below).

Liberal amounts of US gel are applied to the skin over the 
area of interest prior to the scout (preview) scan for acoustic 
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coupling. The objective of the scout scan is to preview the 
anatomy; optimize the image; identify any underlying 
asymptomatic abnormality or variation; measure relevant 
distances to the lamina, ligamentum flavum, or dura; and 
identify the best possible location and trajectory for needle 
insertion. The US image is optimized by making the follow-
ing adjustments on the US unit: (a) selecting an appropriate 
preset (can be customized), (b) setting an appropriate scan-
ning depth (6–10 cm) depending on the body habitus of the 
patient, (c) selecting the “general” optimization (midfre-
quency range) option of the broadband transducer, (d) adjust-
ing the “focus” to a depth corresponding to the area of 
interest, and finally (e) manually adjusting the “gain,” 
“dynamic range,” and “compression” settings to obtain the 
best possible image. Compound imaging and selecting an 
appropriate “map” when available are also useful in improv-
ing the quality of the images. Once an optimal image is 
obtained, the position of the transducer is marked on the 
patients’ back using a skin marking pen to ensure that the 
transducer is returned to the same position after sterile prepa-
rations are made before the intervention. This also circum-
vents the need to repeat the scout scan routine to identify a 
given intervertebral space.

�Spinal Sonoanatomy

Currently, there are limited data on spinal sonography or on 
how to interpret US images of the spine. Even recent 

textbooks of regional anesthesia have very limited or no 
information on this subject. Moreover, while the landscape 
of regional anesthesia is changing and US guidance for 
peripheral nerve blocks is becoming an integral part of 
regional anesthetic practice, it may be fair to say that there 
are few anesthesiologists or pain physicians who currently 
use US for CNB [35]. This is quite interesting when there is 
evidence to suggest that US improves technical and clinical 
outcomes during CNB [26, 29], and emergency physicians 
are able to interpret US images of the spine [1, 31] and are 
performing lumbar puncture in the accident and emergency 
department using US [1, 31, 32]. Even after the National 
Institute for Health and Care Excellence (NICE) in the 
United Kingdom (UK) recommended that ultrasound be 
used for epidural insertions [36], 97% of respondents to a 
survey in the United Kingdom had never used US to image 
the epidural space [35]. The reason for this paucity of data 
or a lack of interest in the use of US for imaging the spine 
and performing central neuraxial interventions is not clear, 
but the author believes that it may be due to a lack of under-
standing of spinal sonoanatomy. Today there are models to 
learn musculoskeletal US imaging techniques (human vol-
unteers), the sonoanatomy relevant for peripheral nerve 
blocks (human volunteers or cadavers), and the required 
interventional skills (tissue mimicking phantoms, fresh 
cadavers); however, when it comes to learning spinal sono-
anatomy or the interventional skills required for USG CNBs, 
there are very few models or tools available today for this 
purpose.

Fig. 12.1  Paramedian 
sagittal scan of the lumbar 
spine. The paramedian sagittal 
axis of scan (PMSS) is 
represented by the red color, 
and the paramedian oblique 
sagittal axis of scan (PMOS) 
is represented by the blue 
color. Note how the PMOSS 
is tilted slightly medially. This 
is done to ensure that majority 
of the ultrasound energy 
enters the spinal canal 
through the widest part of the 
interlaminar space. 
(Reproduced with permission 
from www.aic.cuhk.edu.hk/
usgraweb)
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�The Water-Based Spine Phantom

Let us consider that the spine is made up of bone and soft 
tissue. If one is able to accurately identify the osseous ele-
ments of the spine, then one should be able to identify the 
gaps in the bony framework, i.e., the interlaminar space or 
the interspinous space, through which the US beam can be 
insonated to visualize the neuraxial structures within the spi-
nal canal and/or insert a needle during US-assisted or 
US-guided CNB.  The author and his group have recently 
described using a “water-based spine phantom” to study the 
osseous anatomy of the spine (Fig. 12.2a) [37]. This is based 
on a model previously described by Greher et al. to study the 
osseous anatomy relevant for USG lumbar facet nerve block 
[15]. The “water-based spine phantom” is prepared by 
immersing a commercially available lumbosacral spine 
model (Sawbones, Pacific Research Laboratories, Inc., 

Vashon, WA) in water (Fig.  12.2a) and scanning it in the 
transverse and sagittal axis through the water. We have found 
that each osseous element of the spine has a “signature” 
appearance (Figs. 12.2, 12.3, and 12.4) and they are compa-
rable to that seen in vivo (Figs. 12.3 and 12.4). Being able to 
recognize these patterns is in the author’s opinion the first 
step toward learning how to interpret US images of the spine. 
Representative US images of the spinous process (Fig. 12.2b, 
c), L5/S1 interlaminar space or gap (Fig. 12.3a, b), lamina 
(Fig. 12.3c, d), articular process of the facet joint (Figs. 12.2d 
and 12.3a), and the transverse process (Fig. 12.4c) from the 
“water-based spine phantom” are presented in Figs.  12.2, 
12.3, and 12.4. Another important feature of the phantom 
described above is that one is able to see through the water, 
so it is possible to validate the sonographic appearance of a 
target osseous structure by performing the scan with a marker 
(e.g., a needle) in contact with it.

Fig. 12.2  The water-based spine phantom (a) and sonograms of the 
spinous process in the transverse (b) and sagittal (c) axes and a scan 
through the interspinous space (d). SP spinous process, ISP interspi-
nous space, TP transverse process, APFJ articular process of the facet 

joints, SC spinal canal, VB vertebral body, TS transverse scan, SS sagit-
tal scan. (Reproduced with permission from www.aic.cuhk.edu.hk/
usgraweb)
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�Ultrasound Imaging of the Sacrum

US imaging of the sacrum is usually performed to identify 
the sonoanatomy relevant for a caudal epidural injection 
[16]. Since the sacrum is a superficial structure, a high-
frequency linear array transducer is used for the scan [16]. 
The patient is positioned in the lateral or prone position with 
a pillow under the abdomen to flex the lumbosacral spine. 
On a transverse sonogram of the sacrum at the level of the 
sacral hiatus, the sacral cornua are seen as two hyperechoic 
reversed U-shaped structures [16], one on either side of the 
midline (Fig.  12.5). Connecting the two sacral cornua and 
deep to the skin and subcutaneous tissue is a hyperechoic 
band, the sacrococcygeal ligament (Fig.  12.5). Anterior to 
the sacrococcygeal ligament is another hyperechoic linear 
structure, which represents the posterior surface of the 
sacrum (Fig. 12.5). The hypoechoic space between the sacro-
coccygeal ligament and the bony posterior surface of the 

sacrum is the sacral hiatus (Fig. 12.5) [16]. The two sacral 
cornua and the posterior surface of the sacrum produce a pat-
tern on the sonogram that we refer to as the “frog eye sign” 
because of its resemblance to the eyes of a frog. On a sagittal 
sonogram of the sacrum at the level of the sacral cornua, the 
sacrococcygeal ligament, the base of sacrum, and the sacral 
hiatus are also clearly visualized (Fig. 12.6).

Above the sacral hiatus on a sagittal sonogram, the sacrum 
is identified as a flat hyperechoic structure with a large ante-
rior acoustic shadow (Fig. 12.6) [3]. If one slides the trans-
ducer cephalad, maintaining the same orientation, a dip or 
gap is seen between the sacrum and the L5 lamina (PMSS), 
which is the L5/S1 intervertebral space [3, 30] and is also 
referred to as the L5/S1gap (Figs. 12.3a, b and 12.7) [30]. 
This is the sonographic landmark that is often used to iden-
tify a specific lumbar intervertebral space (L4/L5, L3/L4, 
etc.) by counting upward [3, 30]. US is more accurate than 
palpation in identifying a given lumbar intervertebral space 
[3]. However, since US localization of the lumbar 

Fig. 12.3  Paramedian sagittal sonogram of the L5/S1 interlaminar 
space or gap (a) and the lamina of the lumbar vertebra (c) from the 
water-based spine phantom and corresponding images from volunteers 
(b, d). Note the similarities in the sonographic appearances of the osse-

ous elements in the phantom and volunteers. ESM erector spinae mus-
cle, LF ligamentum flavum, PD posterior dura, CE cauda equina, ITS 
intrathecal space, ILS interlaminar space (Reproduced with permission 
from www.aic.cuhk.edu.hk/usgraweb)
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Fig. 12.4  Paramedian sagittal sonogram of the articular process of the 
facet joints (a) and transverse process (c) from the water-based spine 
phantom and corresponding images from volunteers (b, d). Once again 
note the similarities in the sonographic appearances of the osseous ele-

ments in the phantom and volunteers. APFJ articular process of the 
facet joints, TP transverse process, PM psoas major muscle. 
(Reproduced with permission from www.aic.cuhk.edu.hk/usgraweb)

Fig. 12.5  Transverse 
sonogram of the sacrum at the 
level of the sacral hiatus. Note 
the two sacral cornua and the 
hyperechoic sacrococcygeal 
ligament that extends between 
the two sacral cornua. The 
hypoechoic space between the 
sacrococcygeal ligament and 
the posterior surface of the 
sacrum is the sacral hiatus. 
(Reproduced with permission 
from www.aic.cuhk.edu.hk/
usgraweb)
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intervertebral spaces relies on one’s ability to locate the L5/
S1 gap on the sonogram, there are limitations of this method 
in the presence of a sacralized L5 vertebra or a lumbarized 
S1 vertebra when the L4/L5 interspace may be misinter-
preted as the L5/S1 gap. Since it is not possible to predict the 
presence of the above without alternative imaging (x-ray, 
CT, or MRI), the L5/S1 gap is still a useful sonographic land-
mark when used for USG CNB, although one must bear in 
mind that occasionally the identified intervertebral level may 
be off by one or two intervertebral levels.

�Ultrasound Imaging of the Lumbar Spine

For a transverse scan of the lumbar spine, the US transducer 
is positioned over the spinous process with the patient in the 
sitting or lateral position. On a transverse sonogram, the spi-
nous process is seen as a hyperechoic reflection under the 
skin and subcutaneous tissue, anterior to which there is a 
dark acoustic shadow that completely obscures the underly-
ing spinal canal and thus the neuraxial structures (Fig. 12.8). 
Therefore, this view is not ideal for imaging the neuraxial 

Fig. 12.6  Sagittal sonogram 
of the sacrum at the level of 
the sacral hiatus. Note the 
hyperechoic sacrococcygeal 
ligament which extends from 
the sacrum to the coccyx and 
the acoustic shadow of the 
sacrum which completely 
obscures the sacral canal. 
(Reproduced with permission 
from www.aic.cuhk.edu.hk/
usgraweb)

Fig. 12.7  Paramedian 
sagittal sonogram of the 
lumbosacral junction. The 
posterior surface of the 
sacrum is identified as a flat 
hyperechoic surface with a 
large acoustic shadow anterior 
to it. The dip or gap between 
the sacrum and the lamina of 
L5 is the L5/S1 intervertebral 
space. ESM erector spinae 
muscle. (Reproduced with 
permission from www.aic.
cuhk.edu.hk/usgraweb)
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structures but is useful for identifying the midline when the 
spinous processes cannot be palpated (obesity and in those 
with edema in their backs) [34]. If one now slides the trans-
ducer slightly cranially or caudally, it is possible to perform 
a transverse scan of the lumbar spine with the US beam 
being insonated through the interspinous space (interspinous 
view) (Fig. 12.9). Since the US signal is now not impeded by 
the spinous process, the ligamentum flavum, posterior dura, 
thecal sac, and the anterior complex (discussed below) are 
visualized in the midline (from a posterior to anterior direc-

tion) within the spinal canal, and laterally the articular pro-
cess of the facet joints (APFJ) and the transverse processes 
are visible (Fig.  12.9). The resultant sonogram produces a 
pattern which Carvalho likens to a “flying bat.” [34] The 
interspinous view can also be used to determine whether 
there is any rotation in the vertebra such as in scoliosis. 
Normally the APFJs on either side of the spine are symmetri-
cally located (Fig.  12.9). However, if they are asymmetri-
cally located or either one of the articular processes is not 
visible, then one should suspect rotation of the spine 

Fig. 12.8  Transverse 
sonogram of the lumbar spine 
with the transducer positioned 
directly over the spinous 
process. Note the acoustic 
shadow of the spinous process 
which completely obscures 
the spinal canal and the 
neuraxial structures. ESM 
erector spinae muscle. 
(Reproduced with permission 
from www.aic.cuhk.edu.hk/ 
usgraweb)

Fig. 12.9  Transverse 
sonogram of the lumbar spine 
with the transducer positioned 
such that the ultrasound beam 
is insonated through the 
interspinous space. The 
ligamentum flavum, epidural 
space, posterior dura, 
intrathecal space, and anterior 
complex are now visible 
within the spinal canal in the 
midline and, the APFJ and the 
TP are visible laterally. Note 
how the articular processes of 
the facet joints (APFJ) on 
either side are symmetrically 
located. ESM erector spinae 
muscle. (Reproduced with 
permission from www.aic.
cuhk.edu.hk/usgraweb)
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(provided the transducer is correctly positioned and aligned) 
as in scoliosis and anticipate a potentially difficult spinal or 
epidural.

For a sagittal scan of the lumbar spine, the author prefers 
to position the patient in the left lateral position with the 
knees and hip slightly flexed (Fig. 12.10). The transducer is 
positioned 1–2 cm lateral to the spinous process (midline) at 
the lower back on the nondependent side with its orientation 
marker directed cranially. The transducer is also tilted 
slightly medially during the scan [30] so that the US beam is 
insonated in a PMOS plane (Fig. 12.10, inset). During the 
scout scan, the L3/L4 and L4/L5 interlaminar space is located 
as described above. On a PMOS sonogram of the lumbar 
spine, the erector spinae muscles are clearly delineated and 
lie superficial to the lamina. The lamina appears hyperechoic 
and is the first osseous structure visualized (Fig.  12.10). 
Since the bone impedes the passage of US, there is an acous-
tic shadow anterior to each lamina. The sonographic appear-
ance of the lamina produces a pattern that resembles the head 
and neck of a horse which we refer to as the “horse head 
sign” (Figs. 12.3c, d and 12.10). The interlaminar space is 
the gap between the adjoining lamina. In contrast, the articu-
lar processes of the facet joints appear as one continuous 
hyperechoic wavy line with no intervening gaps as seen at 
the level of the lamina (Fig. 12.4a, b) and are the usual clues 
to differentiate the lamina from the articular processes. The 

APFJ in a sagittal sonogram produces a pattern that resem-
bles multiple camel humps which we refer to as the “camel 
hump sign” (Fig.  12.4a, b). In between the dark acoustic 
shadows of adjacent lamina, there is a rectangular area in the 
sonogram where the neuraxial structures are visualized 
(Fig. 12.10) [30]. This is the “acoustic window” and results 
from reflections of the US signal from the neuraxial struc-
tures within the spinal canal. The ligamentum flavum is also 
hyperechoic and is often seen as a thick band across two 
adjacent laminae (Fig. 12.10). The posterior dura is the next 
hyperechoic structure anterior to the ligamentum flavum, 
and the epidural space is the hypoechoic area (few millimeters 
wide) between the ligamentum flavum and the posterior dura 
(Fig. 12.10) [30]. The thecal sac with the CSF is the anechoic 
space anterior to the posterior dura. The cauda equina, which 
is located within the thecal sac, is often seen as multiple hori-
zontal hyperechoic shadows within the anechoic thecal sac 
(Fig. 12.10) [30], and their location can vary with posture. 
Pulsations of the cauda equina are also identified in some 
patients. The anterior dura is also hyperechoic, but it is often 
difficult to differentiate it from the posterior longitudinal 
ligament and the vertebral body or the intervertebral disk as 
they are of the same echogenicity (isoechoic) and very 
closely opposed to each. This often results in a single, 
composite, hyperechoic reflection anteriorly that is also 
referred to as the “anterior complex” (Fig. 12.10).

Fig. 12.10  Paramedian oblique sagittal sonogram of the lumbar spine 
at the L3/L4 and L4/L5 level. Note the hypoechoic epidural space (few 
millimeters wide) between the hyperechoic ligamentum flavum and the 
posterior dura. The intrathecal space is the anechoic space between the 
posterior dura and the anterior complex in the sonogram. The cauda 
equina nerve fibers are also seen as hyperechoic, longitudinal structures 

within the thecal sac. Picture in the inset shows how the transducer is 
positioned on the nondependent side of the back and how it is tilted 
slightly medially during the scan. ESM erector spinae muscle, L3 lam-
ina of L3 vertebra, L4 lamina of L4 vertebra, L5 lamina of L5 vertebra. 
(Reproduced with permission from www.aic.cuhk.edu.hk/usgraweb)
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�Ultrasound Imaging of the Thoracic Spine

US imaging of the thoracic spine is more demanding 
because of the acute angulation of the spinous processes and 
the narrow interspinous spaces. This results in a narrow 
acoustic window for US imaging with limited visibility of 
the neuraxial structures (Fig. 12.11) [25]. US imaging of the 
thoracic spine can be performed via the transverse (median 
transverse scan) [25] or paramedian [25] axis with the 
patient in the sitting or lateral decubitus position. Grau et al. 
performed US imaging of the thoracic spine at the T5/T6 
level in young volunteers and compared these images with 
MRI images of the spine at the same level [25]. They 
observed that the US scans in the transverse axis produced 
the best images of the neuraxial structures [25] and the epi-
dural space was best visualized in the paramedian scans 
[25]. However, compared to the MRI images, which were 
easier to interpret, US had limited ability to delineate the 
epidural space or the spinal cord but was better than MRI in 
demonstrating the dura [25]. As in the lumbar region, the 
lamina in the thoracic region is also hyperechoic, but the 
acoustic window for visualizing the neuraxial structures is 
very narrow (Fig.  12.11). Despite this, the posterior dura, 
which is also hyperechoic, is consistently visualized through 
the narrow interlaminar spaces, but the epidural space is 
more difficult to delineate (Fig. 12.11).

�Ultrasound-Guided CNB

US is commonly used to preview the spinal anatomy prior to 
performing a traditional epidural access using “loss of resis-
tance.” [19, 24, 26, 29, 33] Real-time USG epidural access, 
as a two-operator [29] or as a single-operator [30] technique, 
has also been described in the literature. The patient can be 
positioned in the sitting, lateral, or prone position during a 
USG CNB. The author believes that for maximum manual 
dexterity, the patient should be positioned such that the oper-
ator can use the dominant hand to perform the intervention 
and use the nondominant hand to hold the US transducer and 
perform the scan. Although liberal amounts of US gel are 
used for acoustic coupling during the scout scan, it is the 
author’s practice not to apply US gel directly on to the 
patients’ skin over the area scanned during USG CNB [30]. 
Normal saline solution, which is applied using sterile swabs, 
is used as an alternative coupling agent [30] with the aim to 
keep the area under the footprint of the transducer moist. 
This is done because there are no data demonstrating the 
safety of US gel on the meninges or central neuraxial struc-
tures. Therefore, while preparing the US transducer, a thin 
layer of sterile US gel from a disposable sachet is applied 
directly on to the footprint of the transducer, which is then 
covered with a sterile-transparent dressing, making sure 
that no air is trapped between the footprint and the dressing. 

Fig. 12.11  Paramedian 
oblique sagittal sonogram of 
the midthoracic spine. Note 
the narrow acoustic window 
through which the posterior 
dura and anterior complex are 
visible. Picture in the inset 
shows a sagittal sonogram of 
the thoracic spine from the 
water-based spine phantom. 
ILS interlaminar space. 
(Reproduced with permission 
from www.aic.cuhk.edu.hk/
usgraweb)
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The transducer and cable are then covered with a sterile plas-
tic sleeve. Since no US gel is applied on the skin, as expected, 
there is a slight deterioration in the quality of the US image 
compared to that obtained during the scout scan, but this can 
be easily compensated by manually adjusting the overall 
gain and compression settings [30]. All these additional steps 
bring about changes in our routine practice, which may 
increase the potential for infection via contamination during 
the preparation of the equipment. Therefore, strict asepsis 
must be maintained during any USG CNB.

�Caudal Epidural Injection

Caudal epidural injections (steroids or local anesthetics) are 
frequently performed for pain management. For a USG cau-
dal epidural injection, a transverse or sagittal scan is per-
formed at the level of the sacral hiatus. Since the sacral hiatus 
is a superficial structure, high-frequency (6–13 MHz) linear 
array transducer is commonly used for the scan as described 
above (Figs. 12.5 and 12.6). The block needle can be inserted 
in the short (out of plane) or long axis (in-plane) of the US 
plane. For a long-axis needle insertion (author’s preference), 
a sagittal scan is performed (Fig. 12.6), and the passage of 
the block needle through the sacrococcygeal ligament into 
the sacral canal is visualized in real time (Fig.  12.12). 
However, since the sacrum impedes the passage of the US 
beam, there is a large acoustic shadow anteriorly (Figs. 12.6 
and 12.12), which makes it impossible to visualize the tip of 

the needle or the spread of the injectate within the sacral 
canal. Moreover an inadvertent intravascular injection, 
which is reported in 5–9% of such procedures, cannot be 
detected using US. So in clinical practice, one still has to rely 
on clinical signs such as the “pop” or “give” as the needle 
traverses the sacrococcygeal ligament, ease of injection, 
absence of subcutaneous swelling, “whoosh test,” nerve 
stimulation, or the assessment of the clinical effects of the 
injected drug to confirm correct needle placement. Chen 
et  al. describe using fluoroscopy after contrast injection to 
confirm the position of a caudal needle that was placed under 
US guidance and report a 100% success rate [16]. This is 
encouraging considering that even in experienced hands 
there is a failure to successfully place a needle in the caudal 
epidural space as high as 25% [16, 38]. More recently, Chen 
et al. [39] have described US imaging as a screening tool for 
caudal epidural injections [39]. In their cohort of patients, 
the mean diameter of the sacral canal at the sacral hiatus was 
5.3  ±  2  mm, and the distance between the sacral cornua 
(bilateral) was 9.7 ± 1.9 mm [39]. Chen et al. also identified 
that sonographic features such as a closed sacral hiatus and a 
sacral diameter of around 1.5 mm have a greater probability 
for a failed caudal epidural injection [39]. Based on the pub-
lished data, one can conclude that US, despite its limitation, 
may be useful as an adjunct tool for caudal epidural needle 
placement and has the potential to improve technical out-
comes and minimize failure rates and exposure to radiation 
in the chronic pain setting and therefore deserves further 
investigation in the future.

Fig. 12.12  Sagittal 
sonogram of the sacrum at the 
level of the sacral hiatus 
during a real-time ultrasound-
guided caudal epidural 
injection. Note the 
hyperechoic sacrococcygeal 
ligament and the block needle 
that has been inserted in the 
plane (in-plane) of the 
ultrasound beam. Picture in 
the inset shows the position 
and orientation of the 
transducer and the direction in 
which the block needle is 
inserted. (Reproduced with 
permission from www.aic.
cuhk.edu.hk/usgraweb)
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�Lumbar Epidural Injection

During lumbar epidural access, US imaging can be used to 
preview the underlying spinal anatomy [24, 26, 29] or to 
guide the needle in real time [30]. As described above, real-
time US guidance for epidural access is performed either as 
a two-operator [29] or as a single-operator [30] technique. In 
the former technique that was described by Grau et al. for 
combined spinal epidural anesthesia, the first operator per-
forms the US scan via the paramedian axis, while the second 
operator performs the epidural access via the midline using 
the traditional “loss-of-resistance” technique [29]. Grau 
et al. were able to visualize the advancing needle in all their 
cases despite the axis of the US scan and the needle insertion 
being different [29]. Moreover, they were also able to visual-
ize the dural puncture in all their patients and dural tenting in 
a few cases during the needle-through-needle spinal punc-
ture [29]. Recently, we have described the successful use of 
real-time US guidance in conjunction with loss of resistance 
to saline for paramedian epidural access, performed by a 
single operator, with the epidural needle inserted in the plane 
of the US beam [30]. As a result, it is possible to visualize the 
advancing needle in real time until it is seen to engage in the 
ligamentum flavum (Fig. 12.13). We were able to circumvent 
the need for a second operator (additional hands), to perform 
the LOR, by using the Episure™ AutoDetect™ syringe 
(Indigo Orb, Inc., Irvine, CA), which is a new LOR syringe 
with an internal compression spring that applies constant 
pressure on the plunger (Fig. 12.14, inset) [40]. We were also 
able to demonstrate objective changes within the spinal 

canal, at the level of needle insertion, immediately after the 
loss of resistance to saline in majority (>50%) of our patients 
[30]. Anterior displacement of the posterior dura and widen-
ing of the posterior epidural space were the most frequently 
visualized changes within the spinal canal, but compression 
of the thecal sac was also seen in a few patients (Fig. 12.14) 
[30]. These are objective signs of a correct epidural injection 
and have previously been described in children [41]. The 
neuraxial changes that occur within the spinal canal follow-
ing the “loss of resistance” to saline may have clinical sig-
nificance and are discussed in detail in our report [30]. 
Despite our success with real-time USG epidural access, we 
have not been able to visualize an indwelling epidural cath-
eter to date in adults. However, we have occasionally 
observed changes within the spinal canal, e.g., anterior dis-
placement of the posterior dura and widening of the posterior 
epidural space, after an epidural bolus injection via the cath-
eter. These are surrogate markers of the location of the cath-
eter tip and of limited value in clinical practice. Our 
observations are in agreement with the experience of Grau 
[27] and may be related to the small diameter and poor echo-
genicity of conventional epidural catheters that are in use 
today. There is a need to develop new epidural catheter 
designs with improved echogenicity.

�Thoracic Epidural Injection

There are no published data on USG thoracic epidural blocks. 
This may be due to the poor US visibility of the neuraxial 

Fig. 12.13  Paramedian 
oblique sagittal sonogram of 
the lumbar spine during 
real-time ultrasound-guided 
paramedian epidural access. 
The tip of the Tuohy needle 
(short white arrows) is seen 
embedded in the ligamentum 
flavum. Picture in the inset 
shows the position and 
orientation of the transducer 
and the direction in which the 
Tuohy needle is inserted 
(in-plane) during the epidural 
access. CSF cerebrospinal 
fluid. (Reproduced with 
permission from www.aic.
cuhk.edu.hk/usgraweb)
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structures in the thoracic region (refer above) and the associ-
ated technical difficulties. However, despite the narrow acous-
tic window, the lamina, the interlaminar space, and the posterior 
dura are consistently visualized using the paramedian axis 
(Fig. 12.11). The epidural space is more difficult to delineate 
but is also best visualized in a paramedian scan (Fig. 12.11) 
[25]. As a result, the author has been using an US-assisted tech-
nique to perform thoracic epidural catheterization via the para-
median window. In this approach, the patient is positioned in 
the sitting position, and a paramedian oblique sagittal scan 
(PMOS) is performed at the desired thoracic level with the ori-
entation marker of the transducer directed cranially (Fig. 12.15). 
Under strict aseptic precautions (described above), the Tuohy 
needle is inserted via the paramedian axis in real time and in the 
plane of the ultrasound beam (Fig.  12.15). The needle is 
steadily advanced until it is seen to contact the lamina or enter 
the interlaminar space. Since the lamina is relatively superficial 
in the thoracic region, it is possible to visualize the advancing 
Tuohy needle in real time (Fig.  12.15). Once the tip of the 
Tuohy needle is in contact with the lamina or in the interlami-
nar space, the author puts the US transducer down and uses the 
traditional loss-of-resistance to saline technique to access the 
epidural space. Preliminary experience with this approach indi-
cates that US may improve the likelihood of thoracic epidural 
access on the first attempt. Research comparing the US-assisted 
technique described above with the traditional approach is 
planned at the author’s institution.

�Spinal Injection

There are very limited data in the anesthesia or pain medi-
cine literature on the use of US for spinal (intrathecal) 
injections [42, 43] although it has been shown to be useful 
for lumbar punctures by radiologists [44] and emergency 
physicians [32]. Majority of the data are in the form of 
case reports [42, 43, 45, 46]. Yeo and French, in 1999, 
were the first to describe the successful use of US to assist 
spinal injection in a patient with abnormal spinal anatomy 
[46]. They used US to locate the vertebral midline in a par-
turient with severe scoliosis with Harrington rods in situ 
[46]. Yamauchi et  al. describe using US to preview the 
neuraxial anatomy and measure the distance from the skin 
to the dura in a postlaminectomy patient before the intra-
thecal injection was performed under x-ray guidance [45]. 
Costello and Balki used US to facilitate spinal injection by 
locating the position of the L5/S1 space in a parturient 
with poliomyelitis and previous Harrington rod instrumen-
tation of the spine [42]. Prasad et  al. report using US to 
assist spinal injection in a patient with obesity, scoliosis, 
and multiple previous back surgery with instrumentation 
[43]. More recently, Chin et al. [47] have described real-
time ultrasound-guided spinal anesthesia in two patients 
with abnormal spinal anatomy (one had lumbar scoliosis, 
and the other had undergone spinal fusion surgery at the 
L23 level).

Fig. 12.14  Paramedian 
oblique sagittal sonogram of 
the lumbar spine showing the 
sonographic changes within 
the spinal canal after the “loss 
of resistance” to saline. Note 
the anterior displacement of 
the posterior dura, widening 
of the posterior epidural 
space, and compression of the 
thecal sac. The cauda equina 
nerve roots are also now 
better visualized within the 
compressed thecal sac in this 
patient. Picture in the inset 
shows how the Episure™ 
AutoDetect™ syringe was 
used to circumvent the need 
for a third hand for the “loss 
of resistance.” (Reproduced 
with permission from www.
aic.cuhk.edu.hk/usgraweb)
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�The Evidence

Currently, there are limited outcome data on the use of ultra-
sound for CNB. Majority of data are from its use in the lum-
bar region with limited data from the thoracic region. Most 
studies to date have evaluated the utility of performing a pre-
puncture US scan or scout scan. A scout scan allows one to 
identify the midline [34] and accurately determine the inter-
space for needle insertion [3, 30], which are useful in patients 
in whom anatomical landmarks are difficult to palpate, such 
as in those with obesity [1, 23], edema in the back, or abnor-
mal anatomy (scoliosis [23, 48], postlaminectomy surgery 
[45], or spinal instrumentation) [42, 43, 46]. It also allows 
the operator to preview the neuraxial anatomy [24, 26, 29, 
30, 33], identify asymptomatic spinal abnormalities such as 
in spina bifida [49], accurately predict the depth to the epi-
dural space [19, 20, 24, 26] including in the obese patient 
[50], identify ligamentum defects [51], and determine the 
optimal site and trajectory for needle insertion [26, 27].

Cumulative evidence suggests that when an US examina-
tion is performed before the epidural puncture, it improves the 
success rate of epidural access on the first attempt [24], reduces 
the number of puncture attempts [23, 24, 26, 29] or the need to 
puncture multiple levels [24, 26, 29], and also improves patient 
comfort during the procedure [26]. Preliminary data suggest 
that this may also be true in patients with presumed difficult 
epidural access such as in those with a history of difficult epi-
dural access, obesity, and kyphosis or scoliosis of the lumbar 
spine [23]. When used for obstetric epidural anesthesia, it also 
improves the quality of analgesia, reduces side effects, and 
improves patient satisfaction [23, 28]. There are also data 

demonstrating that a scout scan improves the learning curve of 
epidural blocks in parturients [28]. Currently, there are very 
limited data evaluating real-time US guidance for epidural 
access [29, 30], but preliminary results indicate that it also 
improves technical outcomes [29]. Research in this area is 
ongoing at the author’s institution.

�Education and Training

Learning USG CNB techniques takes time and patience. In 
the author’s experience, irrespective of the technique used, 
USG CNB and in particular real-time USG CNB are 
advanced techniques and by far the most difficult USG inter-
ventions. It also demands a high degree of manual dexterity, 
hand–eye coordination, and an ability to conceptualize 2D 
information into a 3D image. Therefore, before attempting to 
perform a USG CNB, the operator should have a sound 
knowledge of the basics of US, be familiar with spinal 
sonography and sonoanatomy, and have the necessary inter-
ventional skills. It is advisable to start by attending a course 
or workshop that is tailor-made for this purpose where one 
can learn the basic scanning techniques, spinal sonoanatomy, 
and the required interventional skills. Further experience of 
spinal sonography can also be acquired in volunteers. It 
appears that anesthesiologists with no prior experience in 
using US for CNB require more than the following: reading 
published educational material, attending a lecture and dem-
onstration workshop, and performing 20 supervised scans to 
become competent in US assessment of the lumbar spine 
[52]. Today there are very few models (phantoms) for 

Fig. 12.15  Paramedian 
oblique sagittal sonogram of 
the thoracic spine during an 
ultrasound-assisted 
paramedian epidural access. 
The Tuohy needle (short 
white arrows) has been 
inserted in the plane of the 
ultrasound beam, and its tip is 
seen in the interlaminar space. 
Picture in the inset shows the 
patient in the sitting position 
and how the transducer is 
positioned and oriented. Also 
note the direction in which 
the Tuohy needle is inserted 
(in-plane) during the 
paramedian epidural access. 
ESM erector spinae muscle. 
(Reproduced with permission 
from www.aic.cuhk.edu.hk/
usgraweb)
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practicing USG central neuraxial interventions. The authors 
group has been using anesthetized pigs and more recently a 
pig carcass model to acquire the skills necessary for USG 
central neuraxial interventions. Once the basic skills are 
attained, it is best to start by performing USG spinal injec-
tions, under supervision, before progressing on to perform-
ing epidurals. Real-time USG epidurals can be technically 
demanding even for an experienced operator. If there is no 
experience in USG CNB locally, then it is advisable to visit 
a center where such interventions are practiced. Today it is 
also not known how many such interventions need to be per-
formed before one becomes proficient in performing real-
time USG CNB. Further research in this area is warranted.

�Conclusion

USG CNB is a promising alternative to traditional landmark-
based techniques. It is noninvasive, safe, and simple to use and 
can be quickly performed. It also does not involve exposure to 
radiation, provides real-time images, and is free from adverse 
effects. With recent improvements in ultrasound technology 
and image processing capabilities of US machines, today, it is 
possible to visualize neuraxial structures using US, and this 
has significantly improved our understanding of spinal sono-
anatomy. US imaging has been used to assist or guide CNB in 
the sacral, lumbar, and thoracic regions. Majority of the out-
come data are from its application in the lumbar region, and 
there are limited data on its use in the thoracic region. A pre-
puncture (scout) scan allows the operator to preview the spinal 
anatomy, identify the midline, accurately predict the depth to 
the epidural space, identify any rotational deformity in the 
spine, and determine the optimal site and trajectory for needle 
insertion. US imaging when used during CNB also improves 
the success rate of epidural access on the first attempt, reduces 
the number of puncture attempts or the need to puncture mul-
tiple levels, and also improves patient comfort during the pro-
cedure. The same may also apply in patients with presumed 
difficult epidural access and difficult spines. It is an excellent 
teaching tool for demonstrating the anatomy of the spine and 
improves the learning curve of epidural blocks in parturients. 
US also assists in performing CNB in patients who in the past 
may have been considered unsuitable for such procedures, 
e.g., in those with abnormal spinal anatomy. However, US 
guidance for CNB is still in its infancy, and evidence to sup-
port its use is sparse. There is also a paucity of data on the use 
of ultrasound for CNB in pain medicine. The author envisions 
that as ultrasound technology continues to improve and as 
more anesthesiologists and pain physicians embrace this tech-
nology and acquire the necessary skills to perform USG inter-
ventions, USG CNB will no doubt become more widespread 
and may become the standard of care in the future.

Acknowledgment  All the figures have been reproduced with permis-
sion from www.aic.cuhk.edu.hk/usgraweb.
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Injections
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�Anatomy

The sacrum and coccyx are formed by the fusion of eight 
vertebrae (five sacral and three coccygeal). There is a natu-
ral defect resulting from incomplete fusion of the lower por-
tion of S4 and the entire S5 in the posterior midline. This 
defect is termed the sacral hiatus and is covered by the 
sacrococcygeal ligament. The hiatus is bounded laterally by 
the sacral cornua, and the floor is composed of the posterior 
aspect of the sacrum [1, 2]. The epidural space extends from 
the base of the skull to the level of the sacral hiatus. It is the 
space confined between the dura mater and the ligamentum 
flavum and surrounds the dural sac. It is divided into ante-
rior and posterior compartments and bounded anteriorly by 
the posterior longitudinal ligaments, laterally by the pedi-
cles and neural foramina, and posteriorly by the ligamentum 
flavum. The epidural space contains the spinal nerve roots 
and the spinal artery that pass through the neural foramina 
and the epidural venous plexus. Below the level of S2, 
where the dura terminates, the epidural space continues as 
the caudal epidural space that can be accessed via the sacral 
hiatus that is covered by the sacrococcygeal membrane. The 
sacral epidural canal contains the sacral and coccygeal 
roots, spinal vessels, and the filum terminale. The epidural 
venous plexus is concentrated in the anterior space in the 
caudal epidural canal [1, 3, 4].

�Indications for Caudal Epidural Injection

Caudal injections are usually performed as a diagnostic or 
therapeutic intervention in various lumbosacral pain syn-
dromes, especially in cases of spinal stenosis and postlami-
nectomy syndrome, when lumbar epidural access is more 
difficult or not desirable.

�Limitations of the Landmark “Blind” 
Technique

Anatomic variations of the sacrum and the contents within 
the sacral canal pose a challenge during caudal epidural ste-
roid injections. Variations in sacral anatomy have been 
reported to be as high as 10% [5] and have resulted in mis-
placed needles in 25.9% of caudal epidural injections per-
formed by experienced physicians without fluoroscopic 
guidance [6].

Inadvertent intravascular injection has been reported to 
range from 2.5% to 9% [5–7], and negative needle aspiration 
for blood has been shown to be neither sensitive nor specific 
[7, 8]. Intravascular injection is also more likely to be used in 
elderly patients because the epidural venous plexus may con-
tinue inferior to the S4 segment in these patients [9]. This 
provides the rationale for the need to perform caudal epi-
dural injections with real-time imaging guidance in order to 
maximize the outcome and minimize the complications [10].

�Literature Review of Ultrasound-Guided 
Caudal Epidural Injections

Klocke and coworkers [11] first described the use of ultra-
sound imaging in performing caudal epidural steroid injec-
tions. They found it to be particularly useful in moderately 
obese patients or patients who are unable to lie in the prone 
position. Lower frequency transducers (2–5 MHz) in obese 
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patients were required to achieve adequate penetration. 
Chen and colleagues [12] evaluated ultrasound guidance in 
performing caudal epidural steroid injections in 70 patients 
with lumbosacral neuritis. They used a high-frequency 
transducer (5–12 MHz) to identify the sacral hiatus. The 
needle position was then confirmed by contrast fluoros-
copy. They had a 100% success rate in needle placement 
but observed that the needle tip was no longer visualized 
after the needle advanced into the sacral epidural space 
secondary to the bony artifacts. This eliminated the possi-
bility of identifying a dural tear or intravascular placement 
other than needle aspiration. This led Yoon and associates 
[10] to evaluate the use of color Doppler ultrasonography 
for caudal injections in order to identify intravascular 
placement. They injected 5  mL of the injectate while 
observing the flow spectrum in color Doppler mode. They 
defined the injection as successful if unidirectional flow 
(observed as one dominant color) of the solution was 
observed with color Doppler through the epidural space, 
with no flows being observed in other directions (observed 
as multiple colors). The correct placement of the needle 
was then verified by contrast fluoroscopy. In three patients, 
including two with positive Doppler spectrums, the con-
trast dye was outside of the epidural space.

�Ultrasound-Guided Caudal Injection Is 
Better Than the “Blind” Technique

A retrospective study of caudal injections in 83 pediatric 
patients comparing the accuracy of caudal needle placement 
with the “swoosh” test, two-dimensional transverse ultraso-
nographic evidence of turbulence within the caudal space, 
and color flow Doppler concluded that ultrasonography is 
superior to the swoosh test as an objective confirmatory 
technique during caudal block placement in children [13]. 
They found the presence of turbulence during injection 
within the caudal space to be the best single indicator of 
block success.

�Ultrasound-Guided Caudal Injection Is 
as Effective as the Fluoroscopy-Guided 
Technique

Akkaya and coworkers [14] compared the results of ultra-
sound- and fluoroscopy-guided caudal epidural steroid injec-
tions in 30 postlaminectomy patients who were randomly 
divided into two groups. They concluded that caudal epidural 
steroid injection is an effective analgesic method for postlam-
inectomy patients and that the ultrasound-guided caudal 

block can be as effective as the fluoroscopy-guided block 
and even more comfortable.

Park and associates [15] compared the short-term effects 
and advantages of ultrasound-guided caudal epidural steroid 
injections with fluoroscopy-guided epidural steroid injec-
tions for unilateral radicular pain in the lower lumbar spine. 
A total of 120 patients with unilateral radicular pain were 
randomly assigned to either the fluoroscopy or the ultra-
sound group. This study showed that the ultrasound approach 
with color Doppler mode may avoid intravascular injection-
induced complications. The results showed similar improve-
ments in short-term pain relief, function, and patient 
satisfaction with both ultrasound and fluoroscopic guid-
ance.  Hasra and associates  [16] compared ultrasound and 
fluoroscopy guided caudal epidural injection techniques for 
both the time needed for correct needle placement and the 
observed clinical effectiveness. A total of 50 patients with 
chronic low back pain and radiculopahy not responding to 
conventional management were randomly assigned to ultra-
sound or fluoroscopy guided caudal epiduarl injection 
groups. Pre-procedural Visual analogue scale (VAS) and 
Oswestry disability index (ODI) were noted. Time to correct 
needle placement was documented as well as any observed 
adverse events. Patients were followed for 2 months and 
VAS and ODI measured at regular intervals. The results 
showed that there was less time to correct needle placement 
with the ultrasound guided technique and all observations of 
clinical effectiveness were comparable. 

�Ultrasound-Guided Technique for Caudal 
Epidural Injection

With the patient in the prone position, the sacral hiatus is 
palpated, and a linear high-frequency transducer (or curved 
low frequency transducer in obese patients) is placed 
transversely in the midline to obtain a transverse view of 
the sacral hiatus [12]. The bony prominences of the two 
sacral cornua appear as two hyperechoic reversed U-shaped 
structures. Between the two cornua, two hyperechoic 
band-like structures — the sacrococcygeal ligament supe-
riorly and the dorsal bony surface of the sacrum inferi-
orly  — can be identified, and the sacral hiatus is the 
hypoechoic area in between (Fig. 13.1). A 22-gauge needle 
is then inserted between the two cornua into the sacral hia-
tus. A “pop” or “give” is usually felt when the sacrococ-
cygeal ligament is penetrated. The transducer is then 
rotated 90 degrees to obtain a longitudinal view of the 
sacrum and sacral hiatus, and the needle is advanced into 
the sacral canal under real-time sonographic guidance 
(Figs. 13.2 and 13.3).
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Fig. 13.1  Short-axis sonogram showing the two sacral cornua (asterisk) as two hyperechoic reversed U-shaped structures. Arrows indicate the 
sacrococcygeal ligament covering the sacral hiatus
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Fig. 13.2  The placement of 
the ultrasound probe over the 
sacral hiatus to obtain a 
longitudinal scan is shown
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�Limitations of the Ultrasound-Guided 
Technique

In adults, it is usually difficult to follow the needle inside the 
sacral canal secondary to the bony artifacts from the sacrum, 
and accordingly a dural puncture or intravascular placement 
cannot be readily identified. Since negative aspiration is not 
reliable, we recommend a test dose injection first to rule out 
intravascular or intrathecal placement. The injection is car-
ried out under real-time sonographic guidance with monitor-
ing of the turbulence in the sacral canal and the spread of the 
injectate cephalad. Color Doppler mode may be used to 
facilitate this, as discussed earlier [10], but it is very unreli-
able because turbulence from the injectate can be interpreted 
as flow in many directions and can be misinterpreted as an 
intravascular injection. Contrast fluoroscopy remains the 
best tool to evaluate inadvertent intravascular needle place-
ment in this area (Fig. 13.4). Ultrasound can be used if fluo-
roscopy is unavailable or contraindicated or as an adjunct to 
guide needle placement into the sacral canal in difficult 
patients.

References

	 1.	Senoglu N, Senoglu M, Oksuz H, Gumusalan Y, Yuksel KZ, 
Zencirci B, et al. Landmarks of the sacral hiatus for caudal epidural 
block: an anatomical study. Br J Anaesth. 2005;95(5):692.

	 2.	Hession WG, Stanczak JD, Davis KW, Choi JJ.  Epidural steroid 
injections. Semin Roentgenol. 2004;39:7–23.

	 3.	Parkin IG, Harrison GR. The topographical anatomy of the lumbar 
epidural space. J Anat. 1985;141:211–7.

	 4.	Sekiguchi M, Yabuki S, Satoh K, Kikuchi S. An anatomic study of 
the sacral hiatus: a basis for successful caudal epidural block. Clin 
J Pain. 2004;20:51–4.

	 5.	White AH, Derby R, Wynne G. Epidural injections for the diagno-
sis and treatment of low-back pain. Spine. 1980;5:78–86.

	 6.	Stitz MY, Sommer HM. Accuracy of blind versus fluoroscopically 
guided caudal epidural injection. Spine. 1999;24:1371–6.

	 7.	Renfrew DL, Moore TE, Kathol MH. El-Khoury GY, Lemke JH, 
Walker CW. Correct placement of epidural steroid injections: fluo-
roscopic guidance and contrast administration. Am J Neuroradiol. 
1991;12:1003–7.

	 8.	Furman MB, O’Brien EM, Zgleszewski TM.  Incidence of intra-
vascular penetration in transforaminal lumbosacral epidural steroid 
injections. Spine. 2000;25:2628–32.

	 9.	Bogduk N, Cherry D. Epidural corticosteroid agents for sciatica. 
Med J Aust. 1985;143:402–6.

	10.	Yoon JS, Sim KH, Kim SJ, Kim WS, Koh SB, Kim BJ. The feasi-
bility of color Doppler ultrasonography for caudal epidural steroid 
injection. Pain. 2005;118:210–4.

	11.	Klocke R, Jenkinson T, Glew D.  Sonographically guided 
caudal epidural steroid injections. J  Ultrasound Med. 
2003;22:1229–32.

	12.	Chen CP, Tang SF, Hsu TC, Tsai WC, Liu HP, Chen MJ, et  al. 
Ultrasound guidance in caudal epidural needle placement. 
Anesthesiology. 2004;101:181–4.

	13.	Raghunathan K, Schwartz D, Connelly NR.  Determining the 
accuracy of caudal needle placement in children: a compari-
son of the swoosh test and ultrasonography. Paediatr Anaesth. 
2008;18:606–12.

	14.	Akkaya T, Özkan D, Kertmen H, Şekerci Z. Caudal epidural ste-
roid injections in postlaminectomy patients: comparison of ultra-

Fig. 13.4  Anteroposterior radiograph showing intravascular spread of 
the contrast agent during caudal epidural injection. (Reprinted with per-
mission from Ohio Pain and Headache Institute)

Fig. 13.3  Long-axis sonogram showing the needle (in plane) inside 
the caudal epidural space. Arrowheads point at the sacrococcygeal liga-
ment. (Reprinted with permission from Samer Narouze, MD, PhD 
(Ohio Institute of Pain and Headache))

A. Vydyanathan and S. N. Narouze



149

sonography and fluoroscopy. Turk Neurosurg. 2015. https://doi.
org/10.5137/1019-5149.JTN.16171-15.1. [Epub ahead of print.]

	15.	Park Y, Lee JH, Park KD, Ahn JK, Park J, Jee H. Ultrasound-guided 
vs. fluoroscopy-guided caudal epidural steroid injection for the 
treatment of unilateral lower lumbar radicular pain: a prospective, 
randomized, single-blind clinical study. Am J Phys Med Rehabil. 
2013;92:575–86.

	16.	Hazra AK, Bhattacharya D, Mukherjee S, Ghosh S, Mitra M, 
Mandal M. Ultrasound versus fluoroscopy-guided caudal epi-
dural steroid injection for the treatment of chronic low back pain 
with radiculopathy: A randomised, controlled clinical trial. Indian 
Journal of Anaesthesia. (2016);60(6):388

13  Ultrasound-Guided Caudal Epidural Injections

https://doi.org/10.5137/1019-5149.JTN.16171-15.1
https://doi.org/10.5137/1019-5149.JTN.16171-15.1


151© Springer Science+Business Media, LLC, part of Springer Nature 2018
S. N. Narouze (ed.), Atlas of Ultrasound-Guided Procedures in Interventional Pain Management, 
https://doi.org/10.1007/978-1-4939-7754-3_14

Ultrasound-Guided Sacroiliac Joint 
Injection

Amaresh Vydyanathan and Samer N. Narouze

A. Vydyanathan 
Department of Anesthesiology, Department of Rehabilitation 
Medicine, Albert Einstein College of Medicine, Montefiore 
Multidisciplinary Pain Program, Bronx, NY, USA 

S. N. Narouze (*) 
Professor of Anesthesiology and Pain Medicine, Center for Pain 
Medicine, Western Reserve Hospital, Cuyahoga Falls, OH, USA

14

�Anatomy

The sacroiliac joint (SIJ) is a true diarthrodial joint with the 
articular surfaces of the sacrum and ilium separated by a 
joint space enclosed in a fibrous capsule [1]. It bears the 
characteristics of a synovial joint, especially in the superoan-
terior and inferior aspects. The superoposterior joint surface 
lacks a joint capsule and contains the interosseous ligament. 
The anterior joint capsule gives origin to the anterior sacro-
iliac ligament. The posterior aspect also contains the poste-
rior sacroiliac, sacrotuberous, and sacrospinous ligaments 
that stabilize the joint. With increasing age, degenerative 
changes occur with narrowing of the synovial cleft inferiorly 
and subsequent fibrous ankylosis [2, 3].

The muscular and fascial support of the SIJ is derived 
from the gluteus maximus and medius, the erector spinae, 
the latissimus dorsi and thoracolumbar fascia, the biceps 
femoris, the piriformis and oblique muscles, and the trans-
versus abdominis. The gluteus maximus, biceps, and pirifor-
mis attach to the sacrotuberous ligament while the 
thoracodorsal fascia connects to the remaining muscle 
groups. The anteroposterior and superoinferior wedge-
shaped sacrum (forming a keystone configuration) and this 
extensive muscular support account for reduced mobility but 
high stability of the SIJ [2–5]. The posterior SIJ is predomi-
nantly innervated by lateral branches of the L4-S2 nerve 
roots with contributions from S3 and the superior gluteal 
nerve. The anterior SIJ innervation is from the L2-S2 seg-
ments [6, 7]. The synovial capsule and ligaments contain 

free nerve endings as well as mechanoreceptors that transmit 
proprioceptive and pain sensation from the joint [3].

�Indications for SIJ Injection

Diagnostic SIJ injections are used to identify pain stemming 
from the SIJ. Most provocative tests for diagnosing SIJ pain 
are not definitive, and SIJ injections remain the gold stan-
dard. There are also no imaging studies that consistently pro-
vide findings to diagnose the SIJ as the source of pain.

Therapeutic SIJ injection is used after failure of conserva-
tive treatment, including anti-inflammatory medications and 
physical therapy.

�Literature Review on Ultrasound-Guided SIJ 
Injection

Pekkafahli and colleagues [8] studied the feasibility of 
ultrasound-guided SIJ injections and reported a 76.7% over-
all success rate (n = 60), with a steep learning curve. The 
success rate improved from 60% with the first 30 injections 
to 93.5% with the next 30 injections.

Klauser and coworkers [9] assessed the feasibility of 
ultrasound-guided SIJ injection in ten human cadavers 
bilaterally at two different puncture sites. The upper level 
was defined at the level of the first posterior sacral foramen 
and the lower level at the level of the second posterior 
sacral foramen. Then the injection was attempted in ten 
patients with unilateral sacroiliitis. Computed tomography 
confirmed correct intra-articular needle placement in 
cadavers by showing the tip of the needle in the joint and 
intra-articular diffusion of contrast media in 80% of cases 
(upper level 70%; lower level 90%). In patients, 100% of 
ultrasound-guided injections were successful (eight lower 
levels, two upper levels).

Perry and associates [10] studied the accuracy of 
ultrasound-guided SIJ injections using a cadaveric model. 
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Seventeen SI joints were injected under ultrasound guidance 
and dissected to determine the accuracy of intra-articular 
injections. Ultrasound allowed intra-articular injection in 
88.2% of joints in this cadaveric study. In addition, ultrasound 
allowed visualization of extra-articular spread when caused 
by extra-articular needle placement, which can allow for redi-
rection of the needle to achieve intra-articular injection.

Soneji and coworkers [11] compared fluoroscopy and 
ultrasound guidance for SIJ injection in 40 patients with 
chronic low back pain secondary to SIJ arthritis. The patients 
were randomized to receive ultrasound- or fluoroscopy-
guided unilateral SIJ injections. The authors concluded that 
ultrasound-guided SIJ injection with fluoroscopic confirma-
tion is similar in accuracy and efficacy to fluoroscopy alone 
for SIJ injections in patients with chronic low back pain sec-
ondary to SIJ arthritis.

�Technique of Ultrasound-Guided SIJ 
Injection

The patient is placed in the prone position with a pillow 
underneath the abdomen to minimize lumbar lordosis. 
Usually a low-frequency curvilinear transducer is used, espe-
cially in obese patients to increase penetration. The trans-
ducer is placed transversely over the lower part of the sacrum 
(at the level of the sacral hiatus), and the lateral edge of the 
sacrum is identified. Then the transducer is moved laterally 
and cephalad till the bony contour of the ileum is clearly iden-
tified (Fig. 14.1). The cleft seen between the medial border of 
the ileum and the lateral sacral edge represents the SI joint, 
and the inferior-most point is targeted [12]. A 22-gauge nee-
dle is then inserted at the medial end of the transducer and 
advanced laterally under direct vision in plane with the ultra-
sound beam until it is seen entering the joint (Fig. 14.2).

�Limitations of Ultrasound-Guided SIJ 
Injection

The potential for periarticular rather than intra-articular 
injection may be increased compared to fluoroscopic or 
CT-guided SIJ injections because an arthrogram with con-
trast agent injection can be reliably obtained in most cases 
with the latter technique. Also, ultrasound is not very reliable 
in detecting intravascular injection while performing SIJ 
injections (Fig. 14.3).

Fig. 14.2  Short-axis sonogram showing the needle (in plane) inside 
the SIJ (arrowheads). The dotted lines outline the bony surface of the 
ilium and the arrows point at the dorsal surface of the sacrum

Fig. 14.1  The placement of the ultrasound probe over the sacroiliac 
joint (SIJ) to obtain a short axis view is shown

A. Vydyanathan and S. N. Narouze
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Fig. 14.3  Anteroposterior radiograph showing intravascular spread of 
the contrast agent during SIJ injection. (Reprinted with permission 
from Ohio Pain and Headache Institute)
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�Introduction

The transversus abdominis plane (TAP) block is used to pro-
duce a dermatomal sensory block of the lower thoracic and 
upper lumbar afferents. Installation of local anesthetics in 
this plane anesthetizes the anterior abdominal wall on this 
side. This block can be used as a diagnostic tool or as a thera-
peutic modality via a continuous indwelling catheter for 
postoperative lower abdominal pain or chronic pain syn-
dromes arising from the anterior abdominal wall.

TAP block is a new technique for peripheral nerve block-
ade of the thoracolumbar nerves supplying the anterior 
abdominal wall. It was investigated for different applications 
for perioperative pain management following abdominal sur-
geries. With ultrasound imaging, the muscle layers are visi-
ble from the rectus medially through the aponeurotic area at 
the edge of the rectus to the three distinct layers of external, 
internal oblique, and transversus abdominis in the lateral 
abdominal wall. The introduction of ultrasound-guided 
regional anesthesia allows the successful installation of local 
anesthetics around the anterior branches of the thoracolum-
bar ventral rami, thereby blocking somatic sensations from 
the anterior abdominal wall. A single injection as well as 
continuous infusions can be used for the treatment of chronic 
pain syndromes following lower abdominal open and laparo-
scopic surgeries [1].

Abdominal pain is one of the most frequent complaints 
heard by a primary care physician, accounting for nearly 2.5 
million office visits per year; in up to 50% of patients, no 
identifiable cause can be found [2].

Somatosensory pain (abdominal wall pain) can some-
times be confused with the visceral pain origin, and a 

differential epidural block is often performed to help 
differentiate between the two types of pain [3]. However, the 
interpretation of the differential epidural test sometimes is 
very confusing. It is time-consuming (takes a few hours), 
and it carries the limitations and disadvantages of neuroaxial 
blocks. The author found that the TAP block is very valuable 
in diagnosing pain stemming from the abdominal wall; it can 
thus help differentiate between the somatosensory (abdomi-
nal wall) and the visceral origin of pain [1].

�Anatomy

The abdominal wall consists of three muscle layers: the 
external oblique, the internal oblique, and the transversus 
abdominis and their associated fascial sheaths. These mus-
cles are mainly innervated via the ipsilateral ventral rami of 
T7 to L1 thoracolumbar nerves. After emerging through the 
intervertebral foramina, they follow a curvilinear course for-
ward in the intercostal spaces toward the midline of the body. 
Along this course, they enter a fascial plane between the 
transversus abdominis and the internal oblique muscles 
accompanied by blood vessels in what is known as the TAP 
compartment. This neurovascular plan continues as far as the 
semilunar line. At the lateral border of the rectus abdominis 
muscle, the external oblique and the anterior lamella of the 
internal oblique aponeuroses pass anterior to the muscle, 
forming the anterior rectus sheath. The aponeuroses from the 
posterior lamella of the internal oblique and the transversus 
abdominis muscle pass posterior to the rectus muscle, form-
ing the posterior layer of the sheath. At this point, the ventral 
rami of the thoracic spinal nerves are located between the 
posterior border of the rectus muscle and the posterior rectus 
sheath. They run medially within the sheath before perforat-
ing the muscle anteriorly, forming the anterior cutaneous 
branches [4].

The anterior ramus of the 10th thoracic nerve reaches the 
skin at the level of the umbilicus, and the 12th thoracic nerve 
innervates the skin of the hypogastrium. The iliohypogastric 
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and ilioinguinal nerves follow a similar course; however, 
they pierce the internal oblique muscle at different levels 
near the anterior superior iliac spine in order to supply the 
inguinal region (for more details, see Chap. 16).

�The Classic Approach

The TAP block was first described by Rafi and McDonell as 
a blind “double-pop” technique using a blunt needle intro-
duced through the external and internal oblique muscles and 
fascia at the iliolumbar triangle of Petit [5, 6]. This triangle is 
bounded posteriorly by the latissimus dorsi muscle and ante-
riorly by the external oblique muscle, with the iliac crest 
forming the base of the triangle. The introduction of ultra-
sound allows modification of this technique, and the TAP can 
be accessed anywhere between the iliac crest and costal mar-
gin behind the anterior axillary line.

�Ultrasound-Guided Technique

Ultrasound (US)-guided TAP block was first described more 
anterior to the Petit triangle, between the iliac crest and the 
subcostal margin via an in-plane approach in the midaxillary 
line. The patient is positioned in the lateral decubitus posi-
tion with the side to be blocked facing upward. A wedge can 
be placed underneath the patient in order to stretch the flank 
on the upper side. A high frequency or lower frequency 
transducers may be used according to body habitus. 
Preprocedural scanning of the anterior abdominal wall along 
the midaxillary line is recommended in order to decide the 
best view of the three muscle layers. Care should be taken 
that scanning more medially may only show two layers of 
muscles, since the external oblique muscle forms an aponeu-
rosis that joins the rectus sheath. From superficial to deep, 
the following structures are recognized: skin and subcutane-
ous fat and external oblique, internal oblique, and transver-
sus abdominis muscles with their investing fasciae (Figs. 15.1 
and 15.2). Deeper to the transversus abdominis and its fas-
ciae, there is a fatty layer of preperitoneal fat separating it 
from the peritoneum and the bowels, which is often identi-
fied by its peristaltic movements. With ultrasound, the fascial 
layers appear as hyperechoic layers (whiter than the sur-
rounding structures), and the muscles are identified by their 
relative hypoechoic structure with multiple striations. The 
neural structures are usually difficult to identify; however, 
scanning immediately cephalad to the ASIS [AU: Please 
spell out] can identify the iliohypogastric and ilioinguinal 
nerves (for more details, see Chap. 21).

The needle is inserted in-plane (parallel to the ultrasound 
beam) from the posterolateral side of the probe and is 
advanced in a medial and anterior direction. In order to have 

a clear picture of the needle, it is preferable to introduce it 
1–2 inches farther from the probe to avoid a steep introduc-
tory angle that can be unfavorable for the reflection of the 
ultrasound beam. The needle is advanced through the differ-
ent layers with a tactile feeling of a pop when crossing each 
fascial layer. Gentle tapping on the needle can help identify 
the tip advancing under ultrasound. Alternatively, the appro-
priate plane can be confirmed by injection of few millimeters 
of saline or local anesthetic (hydrolocalization). Correct 
placement is identified by the solution, separating the inter-
nal oblique muscle superficially from the deep transversus 
abdominis muscle (Fig. 15.3). Care should be taken to iden-
tify the injection along the appropriate plane as opposed to 
the intramuscular injection, which leads to swelling of the 
muscles instead of separation.

It is important to use a blunt-tip needle for the TAP block 
to appreciate the tactile feedback when crossing different 
layers and to minimize the chances of peritoneal and bowel 
perforation.

A higher subcostal approach (subcostal TAP block) may 
block the upper thoracolumbar nerves more effectively than 
a lower approach immediately above the iliac crest [7].

The needle is inserted in-plane from the anteromedial to 
the inferolateral direction with a local injection between the 
rectus abdominis and transversus abdominis, more medial 
than the anterior axillary line. This block covers the upper 
abdominal incision more adequately, corresponding to der-
matomes T6 to T9 (i.e., laparoscopic cholecystectomy, gas-
tric bypass, after liver transplant and resection).

�Ultrasound-Guided TAP Catheter

A continuous TAP catheter has the advantages of prolong-
ing the analgesic effect beyond the block coverage and also 
can be used in patients with preoperative coagulopathy, 
which precludes neuroaxial block. It is easy to perform 
preoperatively using the same technique described ear-
lier for the block. However, instead of using a blunt 22-G 
needle, a Tuohy needle is used, and the space between the 
two muscles is dissected using 10 mL of saline followed 
by a catheter insertion for about 5–7 cm beyond the tip of 
the needle (Fig. 15.4). In case the catheter tip position can-
not be identified under ultrasound, other methods such as 
hydrodissection, injection of 0.5 mL of air after negative 
aspiration from the catheter, or use of the Doppler to move 
the catheter stylet can give an idea about the tip position 
[8]. Some authors have described surgically assisted cath-
eter placement under direct vision and use of an infusion 
device during procedure.

Multiple recent trials showed equivalence and advantage of 
continuous TAP infusion versus epidural analgesia and single 
TAP injection in controlling abdominal postoperative pain [9].
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Skin

Subcutaneous fat

EOM

IOM

TAM
Peritoneum

Fig. 15.1  The abdominal 
wall muscles and the 
ultrasound transducer in place 
for performing TAP block are 
shown

Fig. 15.2  Preinjection 
short-axis sonogram showing 
the abdominal wall muscle 
layers. EOM external oblique 
muscle, IOM internal oblique 
muscle, TAM transversus 
abdominis muscle. (Reprinted 
with permission from Ohio 
Pain and Headache Institute)

Fig. 15.3  Postinjection 
short-axis sonogram showing 
the spread of the injectate in 
the plane between the internal 
oblique muscle (IOM) and the 
transversus abdominis muscle 
(TAM). Note that the TAM 
and the peritoneum were 
pushed away by the injectate. 
(Reprinted with permission 
from Ohio Pain and Headache 
Institute)
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�Summary

Ultrasound-guided TAP block is a novel block with multiple 
applications for pain control following various lower abdom-
inal surgeries. It produces a unilateral analgesia between the 
coastal margin and the inguinal ligament. It may also have 
applications in the diagnosis and management of chronic 
abdominal pain syndromes [10]. Ultrasound-guided 

iliohypogastric and ilioinguinal nerve blocks are essentially 
a TAP block performed near the level of ASIS.
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Ultrasound-Guided Celiac Plexus Block 
and Neurolysis

Samer N. Narouze and Hannes Gruber

�Introduction

Celiac plexus block has been used in various upper abdomi-
nal malignant and nonmalignant pain syndromes with vari-
able success. Pain signals stemming from visceral structures 
that are innervated by the celiac plexus can be interrupted by 
blocking the celiac plexus or the splanchnic nerves. These 
structures include the pancreas, liver, gallbladder, mesentery, 
omentum, and gastrointestinal tract from the lower esopha-
gus to the transverse colon.

The most common application of neurolytic celiac plexus 
block is upper abdominal malignancy, especially pancreatic 
cancer; this was first described by Kappis in 1914 [1].

�Anatomy of the Celiac Plexus

The celiac plexus is a dense network of autonomic nerves 
that lies anterior to the aorta and the crus of the diaphragm at 
L1 level. The plexus extends for few centimeters in front of 
the aorta surrounding the celiac trunk and the superior mes-
enteric artery (SMA).

Fibers within the plexus arise from efferent sympathetic 
preganglionic nerves (greater splanchnic nerve T5–T9, lesser 
splanchnic nerve T10–T11, least splanchnic nerve T12), 
parasympathetic preganglionic nerves (vagus, posterior 
trunk), sensory nerves from the phrenic and vagus nerves, 
and sympathetic postganglionic fibers. Afferent nociception 
fibers from the abdominal viscera pass diffusely through the 
celiac plexus and accompany the sympathetic fibers.

Three pairs of ganglia exist within the plexus; these 
include the celiac ganglia, the superior mesenteric ganglia, 
and the aortic renal ganglia (Fig. 16.1). Postganglionic sym-
pathetic nerves from these ganglia accompany blood vessels 
to the upper abdominal visceral structures. These fibers may 
play an important role in sympathetically mediated pain syn-
dromes [2].

�Current Techniques for Celiac Plexus Block

There are two basic methods of performing CPB, which 
are different depending on the final needle placement rela-
tive to the diaphragm: retrocrural or anterocrural. The ret-
rocrural technique also referred to as the deep splanchnic 
nerve block is considered the classic approach. This tech-
nique results in the spread of injectate cephalad and poste-
rior to the diaphragmatic crura (Fig.  16.2). On the other 
hand, the anterocrural technique typically involves the 
insertion of the needle from a posterior approach to a final 
position anterior to the aorta at the level of the celiac 
plexus.

	1.	 Retrocrural approach or “classic” celiac plexus block 
(deep splanchnic block): This is commonly performed 
with fluoroscopy or CT guidance at L1 level in the prone 
position [3]. However, the classic technique of Kappis 
was performed with surface land marks in the lateral 
decubitus position [1].

	2.	 Transcrural approach or “true” celiac plexus block: The 
needle is advanced through the diaphragmatic crura, and 
the tip is positioned on each side of the anterior aspect of 
the aorta with CT guidance [4]. Or the needle is advanced 
through the aorta with fluoroscopic guidance “transaortic 
approach” [5].

	3.	 Anterocrural approach or true “anterior” approach: This 
was described initially using anatomical landmarks [6], 
then later with CT [7] and ultrasound guidance [8].
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Fig. 16.1  Celiac plexus anatomy. AP view. (Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography© 2010. All 
rights reserved)
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Fig. 16.2  Celiac plexus 
anatomy. Lateral view 
showing the celiac plexus, the 
diaphragm, and the 
splanchnic nerves. (Reprinted 
with permission, Cleveland 
Clinic Center for Medical Art 
& Photography© 2010. All 
rights reserved)
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�The Anterior Percutaneous Approach

Wendling reported the first anterior percutaneous approach to 
the splanchnic nerves [6]. a thin needle is inserted through the 
abdominal wall just below, and slightly to the left, of the xiphoid 
process. The needle is inserted perpendicular to the skin and 
advanced through the left lobe of the liver and the lesser omen-
tum (occasionally bowel) toward the T12 vertebral body.

Interest in this technique has been revived with the intro-
ductions of the CT-guided [7] and US-guided approaches [8].

�Advantages of US-Guided Anterior 
Approach

	1.	 It is the true anterocrural approach. The needle tip loca-
tion is anterior to the aorta at the exact position of the 
celiac plexus.

	2.	 More suitable for patients who cannot lie prone because 
of the abdominal pain or other reasons.

	3.	 No radiation exposure compared to fluoroscopy or CT.
	4.	 More suitable for terminal cancer patients that cannot be 

transferred to the radiology suite. The US machine is por-
table, and the block can be performed, with adequate 
monitoring, in a regular procedure room.

	5.	 Avoid injury to nerve roots and neuroaxial structures dur-
ing needle placement with the posterior approach.

	6.	 The authors believe that the most important advantage of 
the anterior approach is decreasing or even eliminating the 
potential risk of paraplegia with neurolytic celiac plexus 
block. Paraplegia and serious neurologic morbidity have 
been reported after celiac neurolysis [9]. Paraplegia now 
has been reported with essentially every posterior approach 
to celiac and splanchnic nerve technique except blockade 
by the anterior percutaneous approach [2].

The most accepted postulated mechanism of neurologic 
injury is spinal cord ischemia or infarction as a consequence 

of disruption of small nutrient vessels by spasm, direct 
injury, or accidental intravascular injection [2, 10]. 
Adamkiewicz’s arteries, the largest spinal cord ventral radic-
ular arteries, supply the lower ventral two thirds of the spinal 
cord. After leaving the aorta, they run laterally, about 80% of 
the time on the left, and typically reach the cord between T8 
through L4, making it vulnerable to injury during celiac 
block by the posterior approach. Also the posterior retrocru-
ral approach may allow the neurolytic agent to spread or leak 
posteriorly toward the neuroaxial structures.

�Limitations of US-Guided Anterior Approach

	1.	 Technically challenging in obese patients.
	2.	 Patients with large pancreatic tumors or intra-abdominal 

masses anterior to the plexus will distort the anatomy and 
will make it very challenging to identify the aorta and the 
celiac trunk.

	3.	 If the mass anterior to the plexus is vascular (by a prior 
CT or MRI) or as identified by ultrasound examination, 
the anterior approach should be abounded.

�Sonoanatomy of the Epigastrium 
and Relevant Structures

The celiac plexus is a conglomerate of tiny nerve fibers and 
autonomic ganglia which form a rather heterogeneous tissue 
that is – to date – not visualized clearly by high-resolution 
ultrasound. One should be familiar with the relevant sono-
anatomy in order to safely and accurately perform the proce-
dure. One landmark is the abdominal aorta, which is usually 
well visualized by ultrasound (best use 2–5 MHz broadband 
probes) in the median epigastrium as tubular pulsating more 
or less anechoic structure (Fig. 16.3a, b). The US probe has 
to be tilted upward to meet the aorta as it enters the abdomen, 
where it is bordered by the muscular arcade of the diaphragm 

Fig. 16.3  (a) Sagittal scan showing the epigastric segment of the aorta 
(AO) which is covered by liver tissue (LIV) anteriorly. (b) Axial scan 
showing the epigastric aorta (AO) as an anechoic disk neighbored by 

the anechoic cross section of the inferior vena cava (IVC) and covered 
by the pancreas (P). The arrow is pointing at the superior mesenteric 
artery (SMA)

16  Ultrasound-Guided Celiac Plexus Block and Neurolysis
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Fig. 16.4  (a) Axial scan showing the muscular arcade of the aortic 
hiatus of the diaphragm (three arrows) which borders the aorta in the 
inferior vena cava (IVC), liver (LIV), and stomach (STO). (b) 

Corresponding sagittal scan showing the aorta (AO) with the first exit-
ing arterial branches which are partially covered by the muscular arcade 
of the aortic hiatus (arrows). ES esophagus

Fig. 16.5  Axial scan with duplex mode (a) and corresponding illustra-
tion (b) showing the typical ram-horn-like appearance of the celiac 
trunk (CT). AO aorta, IVC inferior vena cava, LIV liver, PV portal vein, 

P pancreas, and STO stomach. (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography© 2010. All rights 
reserved)

(Fig. 16.4a, b). The first artery that arises from the aorta is 
the celiac trunk (CT), which provides arterial supply to the 
liver, stomach, spleen, and the pancreatic head. It is the “ulti-
mate landmark” for the celiac plexus. As the celiac trunk 
exits the aorta, it presents as a typical ram-horn-like sym-
metric bifurcation (Fig. 16.5a, b). The second artery arising 
from the aorta is the SMA, which provides arterial supply to 
the proximal parts of the bowel – in combination with the 

CT – the pancreatic head, and the duodenum. The origins of 
the CT and the SMA are very close to each other that may 
provoke a wrong allocation in the axial scan. That is why we 
also perform a sagittal (longitudinal) scan to accurately iden-
tify both arteries (Fig. 16.6a, b). In some rather rare cases, a 
common trunk for the CT and SMA is found, and it serves as 
the unique landmark for the celiac plexus. The next artery 
after the SMA is the left renal artery (Fig. 16.7).
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So the area of the celiac plexus is broadly bordered by 
several organs (Fig. 16.8a, b): by the left lobe of the liver, 
which is rather covering the scene to the ventral right; by the 
stomach, which frames the area to the ventral left up to its 
transition to the distal esophagus; and by the pancreas, which 
is more or less riding on the lienal vein. The cranial boundary 
is the diaphragm with its exiting aorta (muscular arcade of 

the aortic hiatus) and the esophagus (esophageal foramen). 
Inferiorly, the celiac plexus continues with the renal plexus 
around the origin of the renal arteries.

�Percutaneous Ultrasound-Guided Celiac 
Plexus Block Technique

The patient is in the supine position, and the ultrasound 
transducer is positioned over the epigastrium, just caudal to 
the xiphoid process (Fig.  16.9). A scout scanning is per-
formed so the operator will be familiar with the relevant 
anatomy especially in malignant cases where the anatomy 
may be distorted and accordingly plan on the safest and 
shortest path for the needle (usually out-of-plane). We 
obtain both short-axis and long-axis views to correctly iden-
tify the celiac trunk (CT) and the SMA (see above). A 20- or 
22-gauge needle is then introduced under direct vision in the 
short axis or the long axis. We prefer to advance the needle 
from the lateral side of the transducer (short-axis view) to 
lie just cephalad to the origin of the CT and not between the 
CT and SMA, to avoid injury to those vessels or their 
branches. The injection is carried out with real-time sonog-
raphy after negative aspiration and negative test dose as 
ultrasound is not accurate in recognizing intravascular injec-
tions at such depth.

Fig. 16.6  Sagittal scan with duplex mode (a) and corresponding illus-
tration (b) showing the aorta (AO) with the first arterial branches: the 
celiac trunk (CT) and the superior mesenteric artery (SMA). LIV liver, 

P pancreas, and SMV superior mesenteric vein. (Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art & Photography© 2010. 
All rights reserved)

Fig. 16.7  Axial scan more caudally showing the aorta (AO) and with 
the left renal artery (arrows) and the right renal artery (arrowheads). 
IVC inferior vena cava, P pancreas, STO stomach, and SMA superior 
mesenteric artery

16  Ultrasound-Guided Celiac Plexus Block and Neurolysis
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Fig. 16.8  (a) Axial scan showing the left and right liver lobes sepa-
rated by the echoic falciform ligament (LIV), the pancreas body (P), 
and the stomach at the left (STO). The lienal vein entering the portal 
confluens (LV). SMA superior mesenteric artery, IVC inferior vena 
cava, and AO Aorta. (b) Corresponding sagittal scan showing the struc-

tures of interest. The aorta (AO) with the exiting superior mesenteric 
artery (SMA), and the liver (LIV). The pancreas (P) covered by the 
distal parts of the stomach (STO). The proximal part of the lienal vein 
(LV) is depicted as well as the muscular arcade of the aortic hiatus 
(arrows)

Liver
right lobe

IVC

Right
kidney

Aorta

Liver
left lobe

Stomach

Spleen

L1 Left kidney

Fig. 16.9  Short-axis 
illustration showing the 
position of the US transducer 
and the needle to perform 
celiac plexus block. 
(Reprinted with permission, 
Cleveland Clinic Center for 
Medical Art & Photography© 
2010. All rights reserved)
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Ultrasound-Guided Blocks for Pelvic 
Pain

Chin-Wern Chan and Philip W. H. Peng

Chronic pelvic pain (CPP) is defined as noncyclic pain of at 
least 6 months duration, severe enough to cause disability 
or seeking of medical attention, and occurring in locations 
such as the pelvis, anterior abdominal wall at or below the 
umbilicus, lower back, or buttocks [1]. The pathophysiol-
ogy of CPP is complex. The source of pain may include the 
viscera (urologic, gynaecologic, and anorectal) and neuro-
muscular system (e.g. pudendal neuralgia, piriformis syn-
drome). Furthermore, the clinical presentation is often 
influenced by psychological factors [2]. Therefore, a multi-
disciplinary approach to management is recommended [2]. 
As part of this management plan, neural blockade and 
injection of muscles within the pelvis play both diagnostic 
and therapeutic roles [2].

The methods of neural blockade in the past were either 
landmark-based (blind) or equipment-guided techniques. 
The latter are indirect methods providing surrogate markers 
(such as bony landmarks for the nerve in fluoroscopy) or 
electrophysiological changes (such as nerve stimulation or 
electromyography). Both of these have intrinsic limitations 
in precisely locating a soft tissue structure. In either method, 
the nerve or muscle of interest is not reliably visualized. The 
emergence of ultrasound guidance to assist in needle place-
ment and injection has provided the pain clinician with many 
benefits over previous modalities. Among the advantages of 
ultrasound are improved visualization of the nerve and sur-
rounding vascular, bony, muscular, and visceral structures, 
more precise deposit of medication in the vicinity of the 
nerve of interest, and real-time guidance for needle advance-

ment, thereby improving targeting and reducing inadvertent 
damage to surrounding neurovascular structures, as well as 
making it possible to better identify intravascular and intra-
neuronal injection [3]. Furthermore, the relatively easy 
access to ultrasonography and its portability and lack of radi-
ation exposure make it an attractive imaging modality for the 
interventional pain physician [4–8].

This chapter concentrates on anatomy, sonoanatomy, and 
ultrasound-assisted techniques for needle placement in three 
procedures associated with CPP: (1) ilioinguinal, iliohypo-
gastric, and genitofemoral nerve blockade, (2) piriformis 
muscle injection, and (3) pudendal nerve blockade.

�Ilioinguinal, Iliohypogastric, 
and Genitofemoral Neuralgia

The ilioinguinal (II), iliohypogastric (IH), and genitofemoral 
(GF) nerves are known as “border nerves”, providing sen-
sory innervation to the skin lying between the thigh and 
abdomen [9]. Because of their location and variable course, 
these nerves are susceptible to injury in surgical procedures 
involving the lower abdomen. Injury to the II and IH nerves 
is a known risk in open appendectomy incisions, inguinal 
herniorrhaphy, low transverse incisions (e.g. Pfannenstiel 
incision), and during trocar insertion for laparoscopic sur-
gery of the abdomen and pelvis [10–14]. These nerves can be 
injured by several mechanisms, including direct nerve 
trauma with or without neuroma formation, compression of 
the nerve with scar tissue or haematoma, and suturing of the 
nerve into fascial closure or mesh incorporation [15, 16].

Patients presenting with pain secondary to irritation of 
these nerves usually complain of groyne pain, which may 
radiate to the scrotum or testicle in males, the labia majora in 
women, and the medial aspect of the thigh [5]. One review 
has identified chronic pain after inguinal repair to be as high 
as 54%, and one third of these patients report the pain to be 
moderate to unbearable [17]. Blockade of the II and IH 
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nerves is often performed to provide intraoperative and 
postoperative analgesia for hernia repair [18]. In addition, 
blockade of these nerves serves a diagnostic and therapeutic 
purpose in patients complaining of chronic pain in this nerve 
distribution [5, 6, 8, 19, 20].

�Anatomy

The II and IH nerves originate from the ventral rami of L1 
with contributing filaments from T12 [9, 21]. The IH nerve 
emerges along the upper lateral border of the psoas major 
(Fig.  17.1). The nerve then crosses quadratus lumborum 
inferolaterally, travelling to the iliac crest [9]. At a point mid-
way between the iliac crest and the twelfth rib, the nerve 
pierces the transversus abdominis (TA) muscle superior to 
the anterior superior iliac spine (ASIS) [21]. The IH nerve 
then runs inferomedially, piercing the internal oblique (IO) 
muscle above the anterior superior iliac spine [21]. From this 
point, the nerve runs between the internal and external 
oblique (EO) muscles, piercing the external oblique aponeu-
rosis approximately 1 in. above the superficial inguinal ring 
[9]. As the nerve courses between the abdominal oblique 
muscles, it divides into lateral and anterior cutaneous 
branches [12]. The lateral cutaneous branch provides sen-
sory innervations to the skin of the gluteal region [21]. The 
anterior cutaneous branch supplies the skin over the hypo-
gastric region, including the skin over the lower region of the 

rectus abdominis muscle [21]. The II nerve emerges along 
the lateral border of psoas major, inferior to the IH nerve 
(Fig. 17.1) [21]. The II runs parallel and below the IH nerve. 
In contrast to the IH nerve, the II nerve pierces the internal 
oblique at its lower border and then passes between the crura 
of the superficial inguinal ring, anterior to the spermatic cord 
[9, 21]. The nerve provides sensory fibres to the skin over the 
root of the penis and scrotum (or the mons pubis and labium 
majus) and superomedial thigh region [21].

Observation of the course of the nerves in imaging and 
cadaver studies has shown that the area where both II and IH 
nerves are found is most consistently (90%) at the point mid-
way between the iliac crest and the twelfth rib, where the 
nerves are located between the TA and IO muscles [21, 22].

The GF nerve arises from the L1 and L2 nerve roots [9]. 
The nerve travels anteriorly, passing through the psoas mus-
cle at the level of the third and fourth lumbar vertebrae [9]. It 
then runs on the ventral surface of the muscle, under the peri-
toneum, and behind the ureter [23]. The nerve divides into 
the genital and femoral branches above the level of the ingui-
nal ligament (Fig. 17.1) [23]. This point of division is vari-
able. The genital branch passes through the deep inguinal 
ring, providing motor innervations to the cremaster muscle 
and sensory fibres to the scrotum [9, 23]. The course of this 
nerve in relation to the spermatic cord in the inguinal canal is 
varied, with ventral, dorsal, or inferior locations [9, 24], or it 
may be found as part of the cremaster muscle [23]. In 
females, the genital branch runs with the round ligament 

Fig. 17.1  The pathways of 
the ilioinguinal (II) nerve, 
iliohypogastric (IH) nerve, 
and genitofemoral nerve 
(GFN). (Reproduced with 
permission from Philip Peng 
Educational Series)
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supplying the mons pubis and labium majus [9]. The femoral 
branch follows the external iliac artery, passing through fas-
cia lata and providing sensory innervations to the skin of the 
femoral triangle [9].

Success, consistency, and reliability in blockade of the 
border nerves with blind techniques have been poor [25, 
26]. These results are likely to be due to the high degree of 
anatomic variability not only in the course of the nerves but 
also in their branching patterns, areas of penetration of the 
fascial layers, and dominance patterns [8]. The above 
description of the II and IH nerve anatomy may be consis-
tent in only 41.8% of patients [27]. Furthermore, the sites at 
which the II and IH nerves pierce the abdominal wall mus-
cle layers vary significantly [14]. By far the most consistent 
location of the II and IH nerves is lateral and superior to the 
ASIS, where the nerves are found between the TA and IO 
muscular layers [5, 6, 8, 21].

�Literature Review on Injection Techniques 
for Ilioinguinal, Iliohypogastric, 
and Genitofemoral Nerve Block

A number of injection techniques for II and IH nerves have 
been described, virtually all of which are landmark-based 
[28–30]. Unfortunately, all these techniques suggest a needle 
entry anterior to the ASIS (Fig. 17.2), where the anatomy of 
these nerves is highly variable. Thus, the failure rates with 
those techniques range between 10% and 45% [18, 25, 26, 
31]. Furthermore, the misguided needle may result in femo-
ral nerve blockade [32], bowel perforation [33, 34], and pel-
vic haematoma [35].

Two key elements contribute to an improvement in the suc-
cess rate. One is to perform the injection cephalad and poste-
rior to the ASIS, where both the II and IH nerves consistently 
(>90%) can be found between the TA and IO muscles [21]. 
The other is the use of ultrasound for the guidance of injection. 
Techniques utilizing ultrasound to inject the II and IH nerves 
have been published [5, 8, 36, 37]. The accuracy of ultrasound 
guidance has been validated in a cadaver study with the injec-
tion site superior to the ASIS, and the block success rate was 
95% [36]. The success of using ultrasound to guide II and IH 
nerve blockade has been replicated in the clinical setting. 
Based on visualization of the abdominal muscles, the fascial 
planes, and the deep circumflex iliac artery, the authors were 
able to demonstrate a clinically successful block in all their 
cases, based on sensory loss corresponding to the II and IH 
nerves following injection [37, 38]. The ease and importance 
of identifying the abdominal muscle planes before attempting 
to visualize the nerves have been supported by a study assess-
ing the training of anaesthesiologists with little experience in 
using ultrasound to assist in needle placement [39].

Neural blockade of the GF nerve is not commonly 
performed. Review of the literature shows that techniques 
described in the past were blind and rely on the pubic tuber-
cle, inguinal ligament, inguinal crease, and femoral artery 
as landmarks [40, 41]. One of the blind methods involves 
infiltration of 10 mL local anaesthetic immediately lateral 
to the pubic tubercle, caudad to the inguinal ligament [42]. 
In another method, a needle is inserted into the inguinal 
canal to block the genital branch, a method that can be reli-
ably performed only during surgery [41]. The blind tech-
niques described are essentially infiltration techniques and 
rely on high volumes of local anaesthetic for consistent 
results [42].

Ultrasound-guided blockade of the genital branch of the 
GF nerve has been described in several review articles [5, 6, 
8]. The genital nerve is difficult to visualize, and blockade is 
achieved by identification of the inguinal canal [5, 6, 8]. In 
males, the GF nerve may travel within or outside the sper-
matic cord. Thus, the local anaesthetic and steroid are depos-
ited both outside and within the spermatic cord [5, 6, 8]. In 
addition to simple neural blockade with analgesic medica-
tion, ultrasound has also been utilized to achieve successful 
cryoablation of the genitofemoral nerve for chronic inguinal 
pain, but these authors directed their therapy only to the fem-
oral branch of the GF nerve [43].

Fig. 17.2  Three methods (four landmarks) described for ilioinguinal 
and iliohypogastric nerves injection [28–30]. ASIS anterior superior 
iliac spine, PS pubic symphysis. (Reproduced with permission from 
Philip Peng Educational Series)
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�Ultrasound-Guided Technique of Ilioinguinal, 
Iliohypogastric, and Genitofemoral Nerve 
Blockade

�Ilioinguinal and Iliohypogastric Nerves
When performing II and IH nerve blockade under ultrasound 
guidance, it is important to clearly identify the abdominal 
wall muscle layers: EO, IO, and TA (Fig. 17.1). The patient 
is placed in the supine position. Both nerves are relatively 
superficial, so a high-frequency (6–13  MHz) linear probe 
will provide optimal visualization. The recommended area 
for initial scanning is posterior and superior to the ASIS. The 
probe should be placed perpendicular to the direction of the 
II and IH nerves (which is usually parallel to the inguinal 
ligament), with the lateral edge on top of the iliac crest 
(Fig. 17.3). At this position, the iliac crest will appear as a 
hyperechoic structure, adjacent to which will appear the 
three muscular layers of the abdominal wall (Fig.  17.4). 
Below the TA, peristaltic movements of the bowel may be 
detected. The probe may need to be tilted either caudad or 

cephalad to optimize the image. Once the muscular layers 
are identified, the II and IH nerves will be found in the split 
fascial plane between the IO and TA muscle layers. Both 
nerves should be within 1.5 cm of the iliac crest at this site, 
with the II nerve closer to the iliac crest [36]. The nerves are 
usually in close proximity to each other [27] and located on 
the “upsloping” split fascia close to the iliac crest. In some 
cases, the nerves may run approximately 1 cm apart [8]. The 
deep circumflex iliac artery, which is close to the two nerves 
in the same fascial layer, can be revealed with the use of 
colour Doppler (Fig. 17.4). A neural structure within the fas-
cial split may also be seen medial and on the flat part of the 
IO and TA muscle junction. This is the subcostal nerve; if it 
is mistaken for the II or IH nerve, the nerve blockade will 
result in an aberrant distribution of anaesthesia.

Once satisfied with visualization of the nerves, a 22-gauge 
spinal needle is advanced to the nerves under real-time guid-
ance. We favour an out-of-plane technique. The needle is 
advanced so that the tip lies in the split fascial plane between 
the IO and TA muscles and adjacent to the II and IH nerves 
(Fig. 17.4). At this point, hydrodissection with normal saline 
can confirm adequate position of the needle tip and spread 
within the fascial plane. In some cases, the nerves may be 
difficult to visualize. In this situation, injectate may be 
deposited in the fascial plane between the TA and IO mus-
cles, ensuring satisfactory medial and lateral spread [38]. 
The injectate usually consists of 6–8 mL of local anaesthetic 
(bupivacaine 0.5%) and steroid (Depo-Medrol 40 mg). The 
desired result is observation of spread of the solution in the 
split fascial plane to surround both nerves.

�Genital Branch of Genitofemoral Nerve
The genital branch of the GF nerve cannot be visualized 
directly. The major structure sought on scanning is the ingui-
nal canal and its content (the spermatic cord in males or the 
round ligament in females).

The patient is positioned supine, and a linear ultrasound 
probe with high frequency (6–13 MHz) is used. Initially, the 
probe is placed in the transverse plane below the inguinal 
ligament. In this plane, the femoral artery is identified and 
positioned in the middle of the screen. The probe is then 
rotated so the artery lies in the long axis (Fig.  17.3). The 
ultrasound probe is then moved cranially to trace the femoral 
artery until it dives deep into the abdomen to become the 
external iliac artery (Fig. 17.5). At this point, an oval or cir-
cular structure may be seen superficial to the femoral artery. 
This structure is the inguinal canal, which contains the sper-
matic cord in men and the round ligament in women. The 
probe may be moved slightly medial to trace the spermatic 
cord or round ligament. In males, arterial pulsations may be 
visible within the spermatic cord. These pulsations represent 
the testicular artery and the artery to the vas deferens and 
may be confirmed by the use of colour Doppler. The blood 

Fig. 17.3  Ultrasound guidance for II and IH nerve blockade. The posi-
tion of the ultrasound probe is shown. The probe A is placed above and 
posterior to the ASIS and is in the short axis of the course of the II 
nerve. The probe B is placed in the inguinal line in the long axis of the 
femoral and external iliac arteries. (Reproduced with permission from 
Philip Peng Educational Series)
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Fig. 17.4  Ultrasound guidance for II and IH nerve blockade. (a) The 
three layers of muscles and the fascia split with the II and IH nerves 
inside. Solid triangles outline the iliac crest. (b) In a similar view to A, 
solid arrows show the II nerve (lateral) and IH nerve (medial). Solid 
triangle shows the deep circumflex iliac artery. Dashed arrows point to 
the fascia split with subcostal nerve (T12). Usually the fascia split for 
the II and IH nerves appears adjacent to the iliac crest. When it appears 
far away from the iliac crest (as in this figure), one should suspect 

subcostal nerve. Solid arrows outline the iliac crest. (c) Similar view as 
B, with colour Doppler showing the deep circumflex iliac artery (red). 
Line arrows outline the iliac crest. (d) The needle (outlined by solid 
triangle) is inserted with in-plane technique; line arrows outline the 
spread of the local anaesthetic and steroid solution. EO external oblique 
muscle, IL iliacus, IO internal oblique muscle, LAT lateral, PE perito-
neum, TA transverse abdominis muscle. (Reproduced with permission 
from Philip Peng Educational Series)
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vessels may be made more prominent by asking the patient 
to perform a Valsalva manoeuvre, which increases blood 
flow through the pampiniform plexus. In addition to the 
arteries, a thin tubular structure within the spermatic cord 
may also be visible; this is the vas deferens. In females, the 
round ligament can be difficult to visualize, and the target is 
the inguinal canal.

An out-of-plane technique is used to guide needle place-
ment. The needle is inserted on the lateral aspect of the probe 
and is directed to pierce the deep abdominal fascia and enter 
the inguinal canal (Fig. 17.5). Once the needle has pierced 
the fascia, hydrodissection with normal saline confirms 
spread within the inguinal canal. A volume of 4 mL of anaes-
thetic solution is deposited within the inguinal canal but out-
side the spermatic cord, with another 4 mL deposited inside 
the spermatic cord. The injection is divided because of the 
anatomic variability of the genital branch. The local anaes-
thetic solution should not contain epinephrine, as there is a 
risk of vasoconstriction of the testicular artery. In addition to 
local anaesthetic, steroids may be added for cases with 
chronic pain. In females, 8 mL of solution will be deposited 
into the inguinal canal.

�Piriformis Syndrome

Piriformis syndrome is a potential cause of pain occurring 
in the back, buttock, or hip [44–47]. One clinical study 
reported a prevalence of 17.2% of piriformis syndrome in 
patients who complained of low back pain [48]. The charac-
teristic symptoms of piriformis syndrome are buttock pain 
with radiation into the ipsilateral thigh and lower leg, which 
may resemble sciatica [45, 49]. The pain is exacerbated by 
walking, stooping, or lifting [50]. On physical examination, 

there may be gluteal atrophy and tenderness on palpation, 
pain on stretching of the piriformis muscle, and a positive 
Lasegue sign [48, 50, 51]. Often, it is a diagnosis of exclu-
sion with clinical assessment and investigations necessary 
to rule out pathology of the lumbar spine, hips, and sacroil-
iac joint [50–52].

Often, piriformis syndrome will improve with a conser-
vative regimen of physical therapy and simple analgesic 
pharmacotherapy. For those patients not responding, more 
interventional therapy may be required in the form of mus-
cle injections or surgery [53]. The piriformis muscle may be 
injected with local anaesthetic and steroid [54], which will 
also aid in diagnosis if therapeutically successful. 
Furthermore, botulinum toxin has been injected into the 
piriformis muscle with evidence of longer periods of anal-
gesia [55, 56]. If there is failure to improve after three injec-
tions, surgical release of the piriformis muscle may be 
considered [44].

�Anatomy

The origin of the piriformis muscle is via fleshy digitations 
on the ventral surface of the S2 to S4 vertebrae (Fig. 17.6) 
[47]. Running laterally anterior to the sacroiliac joint, the 
piriformis muscle exits the pelvis through the greater sci-
atic foramen [51]. At this point, the muscle becomes tendi-
nous, inserting into the upper border of the greater 
trochanter as a round tendon [52]. The piriformis functions 
as an external rotator of the lower limb in the erect posi-
tion, an abductor when supine, and a weak hip flexor when 
walking [52].

All neurovascular structures exiting the pelvis to the 
buttock pass through the greater sciatic foramen [52]. The 

Fig. 17.5  Ultrasound-guided GFN block. (a) Long-axis view of the 
femoral artery (FA) and external iliac artery (EIA) showing the cross-
section of spermatic cord (solid arrows) in a male patient. The deep 
abdominal fascia is outlined (red dashed line). (b) Similar view as A, 

with colour Doppler showing the vessels inside the spermatic cord. (c) 
Similar view as A but in a female patient. The inguinal canal is outlined 
(bold arrows). PR, pubic ramus. (Reproduced with permission from 
Philip Peng Educational Series)
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superior gluteal nerve and artery pass superior to the piri-
formis [52]. Inferior to the piriformis lie the inferior glu-
teal artery and nerve, the internal pudendal artery, the 
pudendal nerve, the nerve to the obturator internus, the 
posterior femoral cutaneous nerve, the nerve to the quadra-
tus lumborum, and the sciatic nerve [52]. The anatomical 
relationship between the piriformis muscle and sciatic 
nerve is variable. Most commonly (78–84%), the sciatic 
nerve passes below the piriformis muscle [57, 58]. Less 
frequently (12–21%), the nerve is divided, passing through 
and below the muscle [58]. Occasionally, the divided nerve 
may pass through and above the piriformis muscle or both 
above and below the muscle, or the undivided nerve may 
pass above the piriformis muscle or through the muscle 
[57, 58]. The close relationship of the piriformis muscle to 
the sciatic nerve explains why patients experiencing piri-
formis syndrome may also experience symptoms of sciatic 
nerve irritation [46].

�Literature Review on Piriformis Muscle 
Injections

Reported techniques used to inject the piriformis muscle 
have included fluoroscopy [54], CT [59], and MRI [60] to 
assist with accurate needle placement within the muscle. 
Electrophysiologic guidance also has been used alone and in 
conjunction with the above modalities [56, 61, 62]. 
Regardless of whether EMG guidance is used, fluoroscopi-
cally guided piriformis muscle injections depend on the 
presence of a characteristic intrapiriformis contrast pattern to 
confirm needle placement within the piriformis muscle 
(Fig. 17.7) [54], which has been shown to be unreliable [63]. 
A validation study with cadavers suggested that the fluoro-
scopically guided contrast-controlled injection was accurate 
in guiding an intrapiriformis injection in only 30% of the 
injections [63]. When the needle was incorrectly placed, the 
usual final position of the needle was within the gluteus max-
imus muscle, which overlies the piriformis.

Ultrasound is seen as an attractive imaging technique, as 
it provides visualization of the soft tissue and neurovascular 
structures and allows real-time imaging of needle insertion 
towards the target [64]. The use of ultrasound for piriformis 
muscle injection was first reported in 2004 [65]. Since then, 
multiple reports of ultrasound-guided piriformis muscle 
injection have been published, with similar techniques 
described [4, 5, 63, 66]. The accuracy of needle placement 
with ultrasound was recently validated in a cadaveric study 
that suggested an accuracy of 95% [63]. In clinical practice, 
the accuracy of ultrasound-guided needle placement within 
the piriformis muscle has been confirmed with electromy-
ography [67].

�Ultrasound-Guided Technique for Piriformis 
Muscle Injection

The patient is placed in the prone position. A low-frequency 
(2–5 Hz) curvilinear probe is held in the transverse plane and 
initially positioned over the posterior superior iliac spine 
(PSIS). The transducer is then moved laterally to visualize 
the ilium, which will be identifiable as a hyperechoic line 
descending diagonally across the screen from the superome-
dial to inferolateral corners (Fig. 17.8a). Once the ilium is 
visualized, the probe is oriented in the direction of the piri-
formis muscle and moved in a caudad direction until the sci-
atic notch is found (Fig. 17.8b). At the sciatic notch level, the 
hyperechoic shadow of the bone will disappear from the 
medial aspect, and two muscle layers will be visible: the glu-
teus maximus and the piriformis (Fig. 17.8c). Confirmation 
of the piriformis muscle can be made by having an assistant 

Fig. 17.6  Posterior view of pelvis showing the pudendal neurovascu-
lar bundle and piriformis muscle. The gluteus maximus muscle was cut 
to show the deeper structures. Note that the pudendal nerve and artery 
run in the interligamentous plane between the sacrospinous and sacro-
tuberous ligament and subsequently into Alcock’s canal. (Reproduced 
with permission from Philip Peng Educational Series)
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rotate the hip externally and internally with the knee flexed. 
This movement will demonstrate side-to-side gliding of the 
piriformis muscle on ultrasound. It is important to identify 
the sciatic notch, as failure to do so may lead the practitioner 
to mistakenly identify one of the other external hip rotators 
(e.g. the gemelli muscles) as the piriformis.

Because of the depth of the muscle, a 22-gauge, 120-mm 
nerve-stimulating needle is used. For the less experienced 
practitioner, we recommend the concomitant use of a nerve 
stimulator to avoid unintentional injection of the sciatic 
nerve, as the passage of the sciatic nerve in this territory var-
ies, as described above. In addition, the use of a nerve stimu-
lator also allows identification of the needle tip within the 
piriformis muscle by the visualization of piriformis muscle 
twitches on the monitor.

An in-plane technique is used, with the needle being 
inserted on the medial aspect of the probe and passing lat-
erally into the muscle belly of the piriformis in the sciatic 
notch. If intramuscular injection is the objective, the nee-
dle should be slowly advanced further until strong con-
tractions of the piriformis muscle are evident on the 
monitor. A small volume of normal saline (0.5 mL) may 
be injected to confirm position within the muscle. Once 
satisfied with the needle position, a small volume 
(1–2 mL) of medication (either a mixture of 1 mL 0.5% 
bupivacaine and 40 mg Depo-Medrol or 50 units of botu-
linum toxin A diluted in 1 mL of normal saline) may be 
injected into the muscle.

�Pudendal Neuralgia

The pudendal nerve supplies the anterior and posterior 
urogenital areas (clitoris, penis, vulva, and perianal area) 
[68–70]. Pudendal neuralgia refers to CPP in which pain is 
experienced in the regions innervated by the pudendal nerve 
[68]. Typically, the pain is exacerbated by sitting and may be 
reduced by lying on the nonpainful side, standing, or sitting 
on a toilet seat [71]. On physical examination, there may be 
evidence of hypoesthesia, hyperalgesia, or allodynia in the 
perineal area [71]. The pain may be reproduced or exagger-
ated when pressure is applied against the ischial spine during 
a vaginal or rectal examination. Pudendal nerve block is an 
important tool in the diagnosis of this condition [72].

Often the cause of the symptoms in patients suffering 
from pudendal neuralgia will not be readily identifiable, but 
recognized risk factors in the development of pudendal neu-
ralgia include bicycle riding [73], vaginal delivery [74, 75], 
countertraction devices in orthopaedic surgery [76, 77], pel-
vic trauma [76], and intensive athletic activity [78].

The pudendal nerve is susceptible to entrapment in two 
anatomical regions along its path: the interligamentous 
plane, which lies between the sacrotuberous and sacrospi-
nous ligaments at the level of the ischial spine [79], and 
Alcock’s canal [80] (Fig. 17.9).

�Anatomy

The pudendal nerve contains both motor and sensory fibres 
[81]. Relative to the major nerves of the extremities, the 
pudendal nerve is thin (0.6–6.8  mm) and is situated deep 
within the body, surrounded by fatty tissue [82]. It arises 
from the anterior rami of the second, third, and fourth sacral 
nerves (S2, S3, and S4) [81] and passes through the greater 
sciatic notch [82]. Once out of the pelvis, the pudendal 
nerve travels ventrally in the interligamentous plane between 
the sacrospinous and sacrotuberous ligament at the level of 
the ischial spine (Fig. 17.6) [68, 83]. At this level, 30–40% 
of pudendal nerves will have two or three trunks [68, 84, 
85]. Within the interligamentous plane, the pudendal artery 
is located lateral to the pudendal nerve in the vast majority 
of cases (90%) [82]. This region is of clinical importance, as 
the nerve may be compressed between the sacrospinous and 
sacrotuberous ligaments [79]. Furthermore, elongation of 
the ischial spine due to repetitive muscular forces represents 
a potential source of microtrauma affecting the pudendal 
nerve [78].

Following its passage between the two ligaments, the 
pudendal nerve swings anteriorly to enter the pelvis through 
Alcock’s canal of the lateral ischiorectal fossa [84–86]. 
Alcock’s canal is a fascial sheath formed by the duplication 

Fig. 17.7  Radiographic contrast (line arrows) outlining the piriformis 
muscle. (Reproduced with permission from Philip Peng Educational 
Series)
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Fig. 17.8  Ultrasonographic scan of the piriformis muscle and the 
pudendal nerve. (a) Three different positions of the ultrasound probe. 
(b) Ultrasound image at probe position A. (c) Ultrasound image at 
probe position B. (d) Ultrasound image at probe position C. (e) Colour 

Doppler to show the pudendal artery. GM gluteus maximus muscle, Pu 
A pudendal artery, Pu N pudendal nerve, Sc N sciatic nerve, SSL sacro-
spinous ligament. (Reproduced with permission from Philip Peng 
Educational Series)

17  Ultrasound-Guided Blocks for Pelvic Pain



176

of the obturator internus muscle, underlying the plane of 
the levator ani [84]. At this site, the pudendal nerve is also 
susceptible to entrapment by either the fascia of the obtura-
tor internus or the falciform process of the sacrotuberous 
ligament [80].

As the pudendal nerve travels through the ischiorectal 
fossa, it gives off three terminal branches: the dorsal nerve 
of the penis, the inferior rectal nerve, and the perineal nerve. 
The dorsal nerve of the penis runs lateral to the dorsal artery 
and deep dorsal vein of the penis, terminating in the glans 
penis [83, 87, 88]. The course of the nerve under the subpu-
bic arch makes it susceptible to compression by the saddle 
nose of a bicycle [89]. The inferior rectal nerve supplies the 
external anal sphincter [83, 87, 88]. The remaining portion 
of the pudendal nerve trunk becomes the perineal nerve, 
which continues to supply sensation of the skin of the penis 
or clitoris, the perianal area, and the posterior surface of the 
scrotum or labia majora [88]. The perineal nerve also pro-
vides motor supply to the deep muscles of the urogenital 
triangle [87, 88].

�Literature Review on Pudendal Nerve 
Injections

Blockade of the pudendal nerve may be performed in two 
anatomical regions: the interligamentous plane [79] and 
Alcock’s canal [80]. The pudendal nerve has been blocked 

by various routes in the literature. These include the 
transvaginal [90], transperineal [91, 92], and transgluteal 
approaches [93]. The transgluteal approach is popular, 
allowing blockade at the ischial spine and Alcock’s canal. 
Traditionally, fluoroscopy has been used to guide needle 
placement, using the ischial spine as a surrogate landmark 
[68]. The needle is placed medial to the ischial spine, which 
corresponds to the course of the pudendal nerve at this level 
[93, 94]. The major limitation of fluoroscopy is that it cannot 
accurately demonstrate the interligamentous plane [5, 8]. At 
the level of the ischial spine, the pudendal nerve lies medial 
to the pudendal artery in the majority of cases (76–100%) [7, 
82]. Therefore, injectate may not spread to the pudendal 
nerve using this landmark. In addition, the potential proxim-
ity of the sciatic nerve at this level makes it susceptible to the 
anaesthetic if spread of the injectate is not visualized in real 
time. Furthermore, the depth for needle insertion cannot be 
assessed with fluoroscopy.

Both ultrasound and CT scan are ideal for visualizing the 
interligamentous plane, as they identify all the important 
landmarks: ischial spine, sacrotuberous ligament, sacrospi-
nous ligament, pudendal artery, and pudendal nerve (8). 
They also allow visualization of the sciatic nerve and other 
vascular structures, so more selective needle placement and 
blockade can occur. Ultrasound has the advantage of not 
exposing the patient to radiation, and it is more accessible to 
clinicians. Early reports only described ultrasound visualiza-
tion of the pudendal nerve [82, 95], but the actual technique 
of blockade was later reported in greater detail [5, 7, 8]. A 
consistent feature of published techniques on ultrasound-
guided pudendal nerve blockade is identification of the 
ischial spine and its medial aspect, which contains the sacro-
tuberous and sacrospinous ligaments, internal pudendal 
artery, and pudendal nerve [5–8]. In a more recent study, the 
pudendal nerve itself could only be identified accurately in 
57% of cases, but sonographic identification of the ischial 
spine (96%), sacrotuberous ligament (100%), sacrospinous 
ligament (96%), and pudendal artery (100%) was highly 
accurate [96].

This study also compared pudendal nerve block per-
formed under ultrasound guidance versus fluoroscopic guid-
ance [96]. The investigators found that there was no 
difference in the efficacy of pudendal nerve block (as 
assessed to pin prick and cold sensation) between the 
ultrasound-guided and fluoroscopy-guided techniques [96]. 
In addition, there was no difference in the rate of adverse 
effects between the two modes of neural blockade [96].

At the level of Alcock’s canal, ultrasound cannot accu-
rately identify or guide needle placement. CT is the only 
form of imaging that can accurately guide the needle into the 
canal [97].

Fig. 17.9  The pudendal nerve is seen arising from S2 to S4 and exiting 
the pelvis to enter the gluteal region through the greater sciatic foramen. 
The nerve gives rise to the inferior rectal nerve, the perineal nerve, and 
the dorsal nerve of the penis or clitoris. The inferior rectal nerve 
branches from the pudendal nerve prior to Alcock’s canal. N, nerve. 
(Reproduced with permission from Philip Peng Educational Series)
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�Ultrasound-Guided Technique for Pudendal 
Nerve Injection

Pudendal nerve blockade at the level of the ischial spine with 
ultrasound guidance is performed via the transgluteal 
approach, with the patient in the prone position. The aim of 
scanning is to identify the ischial spine and therefore reliably 
identify the interligamentous plane, which will appear on its 
medial aspect. A curvilinear probe (2–5 Hz) is recommended 
for scanning because of the depth of the nerve. Scanning 
begins with the probe held in the transverse plane over the 
PSIS, a technique similar to the technique for scanning the 
piriformis muscle (Fig. 17.8a–c). The probe is then moved 
caudad until the piriformis muscle is identified, as described 
above for the piriformis muscle injection. At this level, the 
ischium can be identified as a curved, hyperechoic line. The 
probe is then moved further caudad to identify the ischial 
spine. Four features will help to identify the level of the 
ischial spine (Fig. 17.8d):

	1.	 The ischial spine will appear as a straight, hyperechoic 
line, as opposed to the ischium, which is a curved, hyper-
echoic line.

	2.	 The sacrospinous ligament will be visualized as a hyper-
echoic line lying medial to and in contact with the ischial 
spine. Unlike bony structures, however, the sacrospinous 
ligament does not cast an anechoic shadow deep to its 
image.

	3.	 The piriformis muscle will disappear. Deep to the gluteus 
maximus lies the sacrotuberous ligament. Although it is 
difficult to differentiate between this ligament and the fas-
cial plane of the gluteus maximus, the sacrotuberous liga-
ment can be felt easily as the needle advances through 
this thick ligament.

	4.	 The internal pudendal artery can be seen, usually situated 
on the medial portion of the ischial spine. This artery can 
be confirmed with colour Doppler (Fig. 17.8e).

The pudendal nerve will lie medial to the pudendal artery 
at this level, but it may be difficult to visualize because of its 
depth and its small diameter. On dynamic scan, the sciatic 
nerve and inferior gluteal artery can be seen lateral to the 
ischial spine tip. Visualization of these structures is impor-
tant because if they are mistaken for the internal pudendal 
artery, sciatic nerve blockade will result.

Once satisfied with the identification of the ischial 
spine, pudendal artery, and interligamentous plane, a 
22-gauge, 120-mm insulated peripheral nerve-stimulating 
needle is inserted from the medial aspect of the probe. The 
target is for the needle tip to be situated between the sacro-
tuberous ligament and sacrospinous ligament. Because of 
the depth of the pudendal nerve, it is helpful to insert the 
needle several centimetres medial to the medial edge of 
the probe to reduce the steepness of the needle path and 

therefore assist in visualization of the needle tip as it 
passes to the target site. The needle is advanced so that it 
will pass through the sacrotuberous ligament, on the 
medial side of the pudendal artery. As the needle is passing 
through the sacrotuberous ligament, increased resistance 
will be felt. Once the needle is through, the resistance will 
diminish. A small volume of normal saline is injected to 
confirm position within the interligamentous plane. The 
pudendal nerve itself will be difficult to visualize owing to 
a combination of its depth [7, 82], its small diameter [68, 
82, 85], and the possibility of anatomical division into two 
or three trunks [68, 84, 85].

If hydrodissection confirms adequate spread within the 
interligamentous plane and no intravascular spread, a mix-
ture of local anaesthetic and steroid may be injected. In our 
experience, a mixture of 4  mL of 0.5% bupivacaine and 
40 mg of steroid (Depo-Medrol) is commonly injected, and 
clinical signs of pudendal nerve blockade are present shortly 
after. During injection, the clinician should ensure that there 
is spread of the injectate medial to the pudendal artery and 
that the injectate does not pass too far laterally past the artery. 
Excessive lateral spread may result in inadvertent sciatic 
nerve blockade. The patient should be assessed for signs of 
successful blockade following the procedure. This may be 
achieved simply by assessing sensation to pin prick and alco-
hol swab in the perineal area ipsilateral to the site of block-
ade. Successful blockade will result in reduced sensation to 
both stimuli in this region.

�Conclusion

Ultrasound is a valuable tool for imaging peripheral struc-
tures, guiding needle advancement, and confirming the 
spread of injectate around the target tissue, all without expos-
ing healthcare providers and patients to the risks of radiation. 
In patients with chronic pelvic pain, the target structures for 
interventional procedures can be well visualized with the use 
of ultrasound. Most of the ultrasound-guided interventional 
procedures for chronic pelvic pain have been validated and 
thus can be accurately performed.
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�Anatomy

The ganglion impar is a solitary neural structure located 
anterior to the sacrococcygeal joint (SCJ). It represents the 
fusion of the caudal end of the bilateral sympathetic chains. 
The ganglion impar innervates the perineum, distal rectum, 
anal canal, distal urethra, scrotum, distal third of the vagina, 
and the vulva [1, 2].

�Indications

The ganglion impar (ganglion of Walther or sacrococcygeal 
ganglion) block is used in the diagnosis and management of 
visceral or sympathetic-maintained pain in the perineal and 
coccygeal areas. Ganglion impar neurolysis has been 
reported for the palliative treatment for malignant pain [1, 3].

�Limitations of the Current Technique

Multiple approaches have been described for ganglion impar 
block. The most widely used approach is the trans-
sacrococcygeal approach with fluoroscopy by introducing 
the needle through the SCJ [4, 5].

Impacted stool or gas in the rectum can easily obscure the 
SCJ in the anteroposterior fluoroscopy view. Also a calcified 
sacrococcygeal disk will make it difficult to identify the SCJ 
even in the lateral fluoroscopy view.

With fluoroscopy, the needle may get stuck in the SCJ; 
however, under ultrasound (US) guidance, we can easily 

penetrate the SCJ by changing the needle’s direction to 
match the angulation of the SCJ [6].

�Literature Review on Ultrasound-Guided 
Ganglion Impar Block

The classic transanococcygeal approach (curved needle placed 
through the anococcygeal ligament) was described with ultra-
sound (US) guidance [7]. However, the authors prefer the 
trans-sacrococcygeal approach because it is more comfortable 
for the patient and it may avoid anal or rectal injuries.

Lin and coworkers [6] reported the safety of the 
US-guided trans-sacrococcygeal approach in 15 patients. 
The needle was accurately placed in all patients, as con-
firmed by fluoroscopy. They reported that US was advanta-
geous over fluoroscopy because the SCJ was easily 
identified in all 15 patients, whereas it was difficult to visu-
alize in 5 patients with fluoroscopy alone because it was 
obscured by rectal gas, impacted stool, or ossified sacro-
coccygeal disks.

�Technique of Ultrasound-Guided Ganglion 
Impar Block

With the patient in the prone position, the sacral hiatus is 
palpated, and a linear high-frequency transducer (or curved 
low-frequency transducer in obese patients) is placed trans-
versely in the midline to obtain a transverse view of the 
sacral hiatus as described in Chap. 13, Caudal Block. The 
transducer is then rotated 90° to obtain a longitudinal view of 
the sacral hiatus and the coccyx (Fig. 18.1). The first cleft 
caudal to the sacral hiatus is the SCJ.

After local anesthesia infiltration of the skin and subcutane-
ous tissue, a 22- to 25-gauge needle is advanced into the SCJ 
under real-time ultrasonography. We use an out-of-plane 
approach while adjusting the needle’s path to match the 
angulation of the SCJ cleft to allow for a traumatic needle 
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insertion (Fig. 18.2). The needle is advanced slightly through the 
SCJ cleft, and usually loss of resistance is felt, indicating place-
ment of the needle tip anterior to the ventral sacrococcygeal liga-
ment. Lateral fluoroscopy may be obtained to confirm the depth 
of the needle and to monitor the spread of the injectate.

�Limitations of the Ultrasound-Guided 
Technique

US cannot accurately monitor the needle depth or the spread 
of the injectate because of the sacral and coccygeal bony 
artifacts. It can be helpful when fluoroscopy is not available 
or is insufficient to identify the SCJ. We recommend using a 
lateral fluoroscopic view to monitor the depth of the needle, 
especially with neurolytic injections [6].
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Fig. 18.1  The placement of the US probe over the SCJ to obtain a 
longitudinal scan is shown

Fig. 18.2  Long-axis sonogram showing the SCJ (solid arrow) and the 
sacrococcygeal ligament (arrowheads). Notice that the rectum (hollow 
arrow) can be insonated through the sacrococcygeal cleft (Reprinted 
with permission from Ohio Pain and Headache Institute)
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�Introduction

Peripheral nerve block techniques have traditionally been 
performed based on nerve identification from surface ana-
tomical landmarks and neurostimulation. Anatomical varia-
tion among individuals often makes these techniques difficult 
and may result in variable success and serious complications 
such as bleeding, nerve injury, local anesthetic systemic tox-
icity (LAST), and pneumothorax.

Ultrasound is the first imaging modality to be broadly 
used in regional anesthesia practice. Ultrasound-guided 
regional anesthesia (UGRA) uses real-time imaging to 
appreciate individual anatomic variations, precisely guide 
needle advancement, minimize local anesthetic dose, and 
visualize drug deposition around target structures (Fig. 19.1). 
These advantages over traditional methods have resulted in 
improved nerve block safety, efficacy, and efficiency [1, 2].

The brachial plexus and its branches are particularly ame-
nable to sonographic examination, given their superficial 
location, with high-frequency (>10 MHz) linear array probes 
providing high-resolution images.

�Brachial Plexus Anatomy

Thorough knowledge of brachial plexus anatomy is required 
to facilitate block placement and to optimize patient-specific 
block selection. The four traditional “windows” for brachial 
plexus block are the interscalene level (roots), supraclavicu-
lar level (trunks and divisions), infraclavicular level (cords), 
and axillary level (branches) (Fig. 19.2). However, the bra-
chial plexus is best thought of as a continuum that may be 
imaged and anesthetized almost anywhere along its course.

The brachial plexus provides sensory and motor 
innervation to the upper limb. It originates from the ventral 
primary rami of the fifth cervical (C5) to the first thoracic 
(T1) spinal nerve roots and extends from the neck to the 
apex of the axilla (Fig. 19.3). Variable contributions may 
also come from C4 to T2 nerves. The C5 and C6 rami typi-
cally unite near the medial border of the middle scalene 
muscle to form the superior trunk of the plexus. The C7 
ramus becomes the middle trunk, and the C8 and T1 rami 
unite to form the inferior trunk. The C7 transverse process 
lacks an anterior tubercle, which facilitates the ultrasono-
graphic identification of the C7 nerve root [3, 4]. The roots 
and trunks pass through the interscalene groove, a palpable 
surface anatomic landmark between the anterior and mid-
dle scalene muscles. The three trunks undergo primary ana-
tomic separation into anterior (flexor) and posterior 
(extensor) divisions at the lateral border of the first rib [5]. 
The anterior divisions of the superior and middle trunks 
form the lateral cord of the plexus, the posterior divisions 
of all three trunks form the posterior cord, and the anterior 
division of the inferior trunk forms the medial cord. The 
three cords divide and give rise to the terminal branches of 
the plexus, with each cord possessing two major terminal 
branches and a variable number of minor intermediary 
branches. The lateral cord contributes the musculocutane-
ous nerve and the lateral component of the median nerve. 
The posterior cord supplies the dorsal aspect of the upper 
extremity via the radial and axillary nerves. The medial 
cord contributes the ulnar nerve and the medial component 
of the median nerve. Important intermediary branches of 
the medial cord include the medial cutaneous nerves of the 
arm and forearm and the intercostobrachial nerve (T2) to 
innervate the skin over the medial aspect of the arm [4, 5]. 
The lateral pectoral nerve (C5-7) and the medial pectoral 
nerve (C8, T1) supply the pectoral muscles; the long tho-
racic nerve (C5-7) supplies the serratus anterior muscle; 
the thoracodorsal nerve (C6-8) supplies the latissimus dorsi 
muscle; and the suprascapular nerve supplies the supraspi-
natus and infraspinatus muscles.
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The superficial cervical plexus (C1-4) lies in close prox-
imity to the brachial plexus and gives rise to the phrenic 
nerve (C3-5), which supplies motor innervation to the dia-
phragm and lies ventral to the anterior scalene muscle; the 
supraclavicular nerve (C3-4) provides sensation from the 
“cape” of the shoulder to the lateral border of the scapula.

�Interscalene Block

�Anatomy

The roots of the brachial plexus are found in the interscalene 
groove defined by the anterior and middle scalene muscles. 
In slim patients, this groove can often be palpated along the 
lateral border of the sternocleidomastoid muscle at the level 
of the thyroid cartilage (C6).

�Indication

The interscalene block remains the approach of choice to 
provide anesthesia and analgesia for shoulder surgery, as it 
targets the proximal roots of the plexus (C4–C7). The inter-
scalene space is not a contained fascial plane, as local anes-
thetic spread extends proximally to include the nonbrachial 
plexus supraclavicular nerve (C3–C4), which supplies sen-
sory innervation to the “cape” of the shoulder and the phrenic 
nerve (C3-5), which supplies the ipsilateral hemidiaphragm 

[6]. The C5 and C6 roots are consistently blocked with this 
approach, therefore, offering reliable analgesia/anesthesia of 
the shoulder. Deltoid and bicep weakness are a typical find-
ing. The more caudal roots of the plexus (C8–T1) are usually 
spared by this approach [7].

�Procedure

The patient is positioned supine with the head turned 45° to 
the contralateral side and the arm adducted at the side. A 
high-frequency linear probe (>10 MHz) is recommended. As 
the plexus is usually very superficial (<3  cm) a 22-gauge, 
50-mm block needle is sufficient. A transverse image of the 
plexus roots in the interscalene area is obtained on the lateral 
aspect of the neck in an axial oblique plane at the level of the 
cricoid cartilage (C6) (Fig. 19.4). The anterior and middle 
scalene muscles define the interscalene groove, located deep 
to the sternocleidomastoid muscle lateral to the carotid artery 
and internal jugular vein [8].

The interscalene nerve roots are best imaged at the C5-7 
level, where they have a round or oval appearance in cross-
section. The compact anatomy of the neck region and the 
hypoechoic nature of both the nerves and vessels make it 
prudent to first locate the plexus trunks at the supraclavicular 
level, where the anatomic relationship to the subclavian 
artery is highly reliable. The interscalene roots may then be 
located by using a “traceback” method in a cephalad direc-
tion. The individual root levels are identified by using the 
bony landmarks of the cervical vertebrae. Unlike the more 
proximal cervical vertebrae, the C7 vertebra lacks an anterior 
tubercle (Fig.  19.5), so the transverse processes of the C6 
and C7 cervical vertebrae can be readily differentiated by the 
presence (in C6) or absence (in C7) of an anterior tubercle. 
Color Doppler may be used to identify the vertebral artery 
and vein located adjacent to the transverse process, which 
lies deep to the interscalene space. The transverse process of 
the C6 vertebra has both anterior and posterior tubercles 
(Fig.  19.6). The anterior tubercle of C6 (Chassaignac’s 
tubercle) is the most prominent of all the cervical vertebrae; 
it is bounded by the carotid artery anteriorly and the vertebral 
artery posteriorly. Recent data suggest that ultrasound guid-
ance reduces the number of needle passes required to per-
form an interscalene block and achieves more consistent 
anesthesia of the lower trunk [9, 10].

One of the most common side effects of interscalene 
block is phrenic nerve palsy resulting in transient hemidia-
phragmatic paresis [11]. Although it is usually asymptomatic 
in healthy patients, it may be poorly tolerated in patients with 
limited respiratory reserve. As a result, the interscalene block 
is relatively contraindicated in patients with significant respi-
ratory disease. An ultrasound-guided interscalene block may 
provide adequate postoperative analgesia with only 5 mL of 

Fig. 19.1  The core components of safe ultrasound-guided regional 
anesthesia. The image is acquired in the desired anatomical region and 
is optimized through adjustments of depth of field, gain (brightness), 
and focus. A broad anatomical scan allows identification of the target 
structures and those to be avoided, such as vessels and lung, to plan a 
safe needle path. The needle is guided to the target in real time while 
maintaining a view of the needle tip. The deposition of local anesthetic 
is visualized in real time. (Reproduced with permission from www.
usra.ca)
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http://www.usra.ca
http://www.usra.ca


187

local anesthetic. There is a decreased incidence and severity 
of hemidiaphragmatic paresis with a low-dose block, com-
pared with the more commonly used dose of 20 mL of the 
same local anesthetic solution [12]. An alternative to the 
interscalene block for patients in whom hemidiaphragmatic 
paresis is a concern is the combination of a suprascapular 
nerve block and an axillary nerve block [13].

Mechanical nerve injury may manifest as neurologic 
symptoms such as persistent pain, loss of motor function, 
and transient or permanent paresthesias. The brachial plexus 
above the clavicle has very high ratio of neural to nonneural 
connective tissue, so a high level of care is required, as it is 
postulated that the nerve roots may be at an increased risk of 
mechanical injury [14, 15]. Inadvertent intraneural injection 
during regional anesthesia practice is more common than 

previously thought [16]. An emerging area of study is focus-
ing on defining the optimal plane of local anesthetic deposi-
tion, to be close enough to the neural targets to produce 
conduction anesthesia but also far enough to prevent inad-
vertent intraneural injection (Fig. 19.7) [17, 18]. Unintentional 
epidural or spinal anesthesia and spinal cord injury are very 
rare complications of interscalene block [19].

The close proximity of the vertebral artery to the nerve roots 
requires a high level of vigilance when performing interscalene 
block. The artery has a similar caliber to the nerve roots and 
also appears hypoechoic on ultrasound. Even a very small 
injection of local anesthetic into the vertebral artery may result 
in direct central nervous system toxicity and seizure. The rou-
tine use of color Doppler to aid in the identification of vascular 
anatomy can help prevent this complication.

Fig. 19.2  Idealized brachial plexus. Various approaches define individual brachial plexus blocks and their expected distribution of cutaneous 
anesthesia. (Copyright 2009 American Society of Regional Anesthesia and Pain Medicine. Used with permission. All rights reserved)
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�Supraclavicular Block

�Anatomy

In the supraclavicular area, the brachial plexus presents most 
compactly at the level of the trunks (superior, middle, and lower) 
and their respective anterior and posterior divisions. This 
explains its traditional reputation for a short latency and com-

plete, reliable anesthesia [20]. The brachial plexus is located 
lateral and posterior to the subclavian artery as they both cross 
over the first rib and under the clavicle toward the axilla.

�Indication

The supraclavicular approach to the brachial plexus is indi-
cated for surgeries of the arm, forearm, or hand.

Fig. 19.3  Anatomic representation of the embryonic limb organization of the brachial plexus. (Copyright Elsevier Netter Images. Used with 
permission)

J. McVicar et al.
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�Procedure

The patient is positioned supine with the head turned 45° 
contralaterally and the arm adducted at the side and slightly 
stretched to “open” the supraclavicular fossa. A high-
frequency linear probe (>10  MHz) is recommended. The 
plexus is usually superficial (<3 cm from the skin surface), 
so a 22-gauge, 50-mm block needle is sufficient in most 
patients. A transverse view of the subclavian artery and the 
brachial plexus is obtained by scanning over the supracla-
vicular fossa in a coronal oblique plane parallel to the clavi-
cle, aiming the ultrasound beam toward the chest cavity 
(Fig. 19.8). The subclavian artery is the primary ultrasono-
graphic landmark, ascending from the mediastinum and tra-
versing laterally over the pleural surface on the dome of the 
lung and later on the first rib. The hypoechoic nerve trunks 

are found cephalad to the first rib and posterolateral to the 
subclavian artery, appearing like a “cluster of grapes.”

It is critical for the safe performance of supraclavicular 
block and the prevention of pneumothorax to properly recog-
nize the sonoanatomy of the above structures. Although both 
rib and pleural surface appears as hyperechoic linear sur-
faces on ultrasound imaging, a number of characteristics can 
help differentiate one from the other. A dark, anechoic area 
underlies the first rib, whereas the area under the pleura often 
presents a shimmering quality with a “comet tail” sign. The 
pleural surface moves both with normal respiration and with 
subclavian artery pulsation, whereas the rib has no appre-
ciable movement [21].

Once the image is optimized, a needle is advanced in-
plane in either a medial or lateral direction. Local anesthetic 
is delivered within the plexus compartment, ensuring spread 

Fig. 19.4  Interscalene block. The upper left inset depicts the expected 
distribution of anesthesia consequent to interscalene block. The roots 
converge to form trunks at the medial border of the middle scalene 
muscle. The vertebral artery lies medial to the anterior scalene muscle 
and anterior to the plexus. The classic ultrasound view depicts the 

hypoechoic upper roots (most likely C5–C7) stacked on each other, 
within the interscalene groove. The upper right inset depicts the close-
ness of the brachial plexus to major arteries and the spinal canal. 
(Copyright 2009 American Society of Regional Anesthesia and Pain 
Medicine. Used with permission. All rights reserved)
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Fig. 19.5  (a, b) The C7 vertebra. The C7 nerve root is posterior to the 
vertebral artery (asterisk) as it passes between the anterior scalene mus-
cle (Sc. A) and the middle scalene muscle (Sc. M). The nerve roots of 

C6 (split) and C5 are also visible. Note that C7 lacks an anterior tuber-
cle. (Reproduced with permission from www.usra.ca)

Fig. 19.6  (a, b), The C6 vertebra. The C6 nerve root is visible between the anterior and posterior tubercles. The C5 nerve root is also visible more 
superficially. (Reproduced with permission from www.usra.ca)
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Fig. 19.7  (a) “Conventional” 
interscalene block in which 
the needle tip is located 
between two roots. (b) More 
conservative needle tip 
position between the brachial 
plexus roots and the scalene 
muscle. The more 
conservative injection results 
in a “half-moon” spread of 
local anesthetic. AS, anterior 
scalene muscle; MS, middle 
scalene muscle. (Reproduced 
with permission from Sites 
et al. [18])

Fig. 19.8  Supraclavicular block. The inset depicts the expected distri-
bution of anesthesia consequent to supraclavicular block. The trunks 
begin to diverge into the anterior and posterior divisions as the brachial 
plexus courses below the clavicle and over the first rib. The plexus is 
posterior and lateral to the subclavian artery and both overlie the first rib 
in close approximation to the pleura and lung. The classic ultrasound 

view depicts the hypoechoic trunks bundled together lateral to the sub-
clavian artery and over the first rib, which casts an acoustic shadow as 
the ultrasound beam is attenuated by bone. Note that the pleura do not 
impede the passage of the ultrasound beam to the same extent. 
(Copyright 2009 American Society of Regional Anesthesia and Pain 
Medicine. Used with permission. All rights reserved)
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to the superior, middle, and inferior trunks. The inferior 
trunk is usually found in what has been called the “corner 
pocket” (Fig. 19.9) immediately above the first rib and lateral 
to the subclavian artery [22]. It may need to be specifically 
targeted to ensure lower trunk blockade.

The supraclavicular block remained unpopular for several 
decades prior to the introduction of ultrasound guidance 
because of a significant risk of pneumothorax. The ability to 
consistently image the first rib and pleura in real time during 
block performance can conceivably minimize this risk, 
although direct comparative studies have not been done. A 
case series of 3000 nerve stimulator-guided supraclavicular 
perivascular blocks estimates the risk of pneumothorax to be 
0.1% [23, 24].

The incidence of hemidiaphragmatic paresis in ultrasound-
guided supraclavicular nerve block has not been clearly estab-
lished, but it is considerably lower than the 50% incidence 
associated with the nerve stimulation technique [25, 26]. In a 
case series of 510 consecutive cases of ultrasound-guided 
supraclavicular block in patients without respiratory dysfunc-
tion, symptomatic hemidiaphragmatic paresis occurred in 1% 
of cases [21]. Caution should still be exercised when perform-
ing this block in patients who would be intolerant to the loss of 
the contribution of the ipsilateral diaphragm. Other uncommon 
complications in this case series were Horner’s syndrome 
(1%), unintended vascular puncture (0.4%), and transient sen-
sory deficit (0.4%). The minimum volume of anesthetic 
required for UGRA supraclavicular blockade in 50% of 
patients is 23 mL, which is similar to recommended volumes 
for traditional nerve localization techniques [27]. Concomitant 
use of nerve stimulation does not seem to improve the efficacy 
of ultrasound-guided brachial plexus block [28].

�Infraclavicular Block

�Anatomy

At the level of the infraclavicular plexus, the cords are 
located posterior to the pectoralis major and minor muscles 
around the second part of the axillary artery; the lateral cord 
of the plexus lies superior and lateral, the posterior cord lies 
posterior, and the medial cord lies posterior and medial to the 
artery. The infraclavicular approach is the deepest of the 
windows to the brachial plexus, with the cords approxi-
mately 4–6 cm from the skin [29].

�Indication

This approach to the brachial plexus has similar indications 
to the supraclavicular block [30].

�Procedure

The patient is positioned supine with the arm adducted at the 
side or abducted 90° at the shoulder. Both linear and curved 
probes may be used to image the plexus in this area near the 
coracoid process in a parasagittal plane [31]. In children or 
slim adults, a 10-MHz probe may be used [32]. For many 
adults, however, a probe of lower resolution may be needed 
(e.g., 4–7 MHz) to obtain the required image penetration of 
up to 5–6 cm. A 22-gauge, 80-mm block needle is usually 
required. The axillary artery and vein can be readily identi-
fied in a transverse view, scanning in a parasagittal plane 
(Fig. 19.10). The three adjacent brachial plexus cords appear 
hyperechoic, with the lateral cord most commonly superior 
in the 9 o’clock to 12 o’clock position relative to the artery, 
the medial cord inferior to the artery (12–3 o’clock position), 
and the posterior cord posterior to the artery (5–9 o’clock 
position) [33]. Abducting the arm 110° and externally rotat-
ing the shoulder moves the plexus away from the thorax and 
closer to the surface of the skin, often improving identifica-
tion of the cords [34]. A block needle is usually inserted in-
plane with the ultrasound beam oriented along the parasagittal 
plane in a cephalocaudal direction. Medial needle orientation 
toward the chest wall must be avoided, as pneumothorax 
remains a risk with this approach [35]. The deposition of 
local anesthetic in a “U” shape posterior to the artery pro-
vides consistent anesthesia to the three cords [36, 37] 
(Fig.  19.11). Low-dose ultrasound-guided infraclavicular 
blocks (16 ± 2 mL) can be performed without compromise to 
block success or onset time [38]. The advantages of anesthe-
tizing the brachial plexus at the infraclavicular level are the 

Fig. 19.9  Supraclavicular block with the needle tip in the “corner 
pocket” between the subclavian artery (a) and the first rib. (Reproduced 
with permission from www.usra.ca)
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ability to consistently anesthetize the arm, including the axil-
lary and musculocutaneous nerves, with limited risk of pneu-
mothorax and hemidiaphragmatic paresis [39].

�Axillary Block

�Anatomy

The axillary approach to the brachial plexus targets the ter-
minal branches of the plexus, which include the median, 
ulnar, radial, and musculocutaneous nerves. The musculocu-
taneous nerve often departs from the lateral cord in the proxi-
mal axilla and is commonly spared by the axillary approach, 
unless specifically targeted.

�Indication

Axillary brachial plexus block is best suited for upper limb 
surgery distal to the elbow.

�Procedure

The patient is positioned supine with the arm abducted 90° 
at the shoulder. A high-frequency linear probe (>10 MHz) 
is recommended, and a 22-gauge, 50-mm needle is suffi-
cient. The transducer is placed along the axillary crease, 
perpendicular to the long axis of the arm at the apex of the 
axilla. The median, ulnar, and radial nerves are usually 
located in close proximity to the axillary artery between the 

Fig. 19.10  Infraclavicular block. Inset depicts the expected distribu-
tion of anesthesia consequent to infraclavicular block. The cords take 
on their characteristic position lateral, posterior, and medial to the sec-
ond part of the axillary artery in this illustration of the coracoid 
approach. The medial cord frequently lies between the axillary artery 
and vein (at 4 o’clock). There is considerable variation in the relation-
ship of the artery to the cords, as depicted by the color-coded cords in 

the upper right inset (lateral cord, green; medial cord, blue; posterior 
cord, orange). The color saturation correlates with the expected fre-
quency of the cord residing in a specific location: the deeper the satura-
tion, the more frequently the cord is found in that position. (Copyright 
2009 American Society of Regional Anesthesia and Pain Medicine. 
Used with permission. All rights reserved)
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anterior muscle compartment of the proximal arm (biceps 
and coracobrachialis) and the posterior compartment (latis-
simus dorsi and teres major) [40] (Fig. 19.12). The conjoint 
tendon is the primary ultrasonographic landmark, arising 
from the confluence of the tendons of the latissimus dorsi 
and teres major muscles [41]. The nerve branches and the 
axillary artery lie superficial to this tendon. The nerve 
branches at the level of the axilla have mixed echogenicity 
and a “honeycomb” appearance representing a mixture of 
hypoechoic nerve fascicles and hyperechoic nonneural 
fibers. The median nerve is commonly found anteromedial 
to the artery, the ulnar nerve medial to the artery, and the 
radial nerve posteromedial to it, along the conjoint tendon 
(Fig. 19.13). The musculocutaneous nerve often branches 
off more proximally and may be located in a plane between 
the biceps and coracobrachialis muscles [42]. Separate 
blockade of each individual nerve is recommended to 

ensure complete anesthesia. Similar to other brachial plexus 
approaches, it is useful to use a needle-in-plane approach 
because of the superficial location of all terminal nerves. 
Ultrasound guidance has been associated with higher rates 
of block success and lower volumes of local anesthetic 
solution required, compared with nonimage-guided tech-
niques [43, 44].

�Anesthetizing Distal Peripheral Nerves 
in the Upper Extremity

Anesthetizing individual nerves in the distal arm or forearm 
may be useful supplemental blocks if a single nerve territory 
is “missed” with a plexus approach. Scanning along the 
upper extremity, these peripheral nerves may be followed 
and blocked in many locations along their course. Generally, 
5 mL of local anesthetic solution is sufficient to block any of 
the terminal nerves individually.

Some locations in the arm are frequently used: the median 
nerve can be located just proximal to the elbow crease and 
medial to the brachial artery (Fig. 19.14). The radial nerve 
can be located in the lateral aspect of the distal part of the 
arm, deep to the brachialis and brachioradialis muscles and 
superficial to the humerus (Fig. 19.15). The ulnar nerve may 
be blocked in the distal arm (proximal to the ulnar groove) or 
in the forearm, where it travels longitudinally, close to the 
ulnar artery (Fig. 19.16).

�Summary

This chapter has outlined some common approaches of 
ultrasound-guided blocks of the brachial plexus and its ter-
minal nerves. Ultrasound-guided regional anesthesia is a 
rapidly evolving field. Recent advances in ultrasound tech-
nology have enhanced the resolution of portable equipment 
and improved the image quality of neural structures and the 
regional anatomy relevant to peripheral nerve blockade. The 
ability to image the anatomy in real time, guide a block nee-
dle under image, and tailor local anesthetic spread is a unique 
advantage of ultrasound imaging over traditional techniques, 
and comparative studies increasingly suggest advantages in 
terms of both efficacy and safety.

Fig. 19.11  Infraclavicular block with the needle approaching the axil-
lary artery (A) from cephalad. The lateral (L), medial (M), and posterior 
(P) cords are located around the artery. The axillary vein (V) and the 
pectoralis major (Pec M) and minor (Pec m) muscles, as well as the 
pleura, are clearly visible. (Reproduced with permission from www.
usra.ca)
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Fig. 19.12  Axillary block. Top left inset depicts the expected distribu-
tion of anesthesia consequent to axillary block. The four terminal 
nerves are drawn in their classic relationship to the axillary artery, 
which in turn is correlated to ultrasonic anatomy that shows the hyper-
echoic nerves. Note: to correlate with the illustration, the ultrasound 
inset is rotated 90° clockwise from the way it is normally viewed in a 
patient. There is significant variation in how the terminal nerves relate 
to the axillary artery. The upper right inset depicts these variations as 

color-coded nerves in various positions around the artery (radial nerve, 
orange; ulnar nerve, blue; median nerve, green). The color saturation 
correlates with the expected frequency of the nerve residing in a spe-
cific location; the deeper the saturation, the more frequently the nerve is 
found in that position. The musculocutaneous nerve (MC) lies in the 
fascial plane between the coracobrachialis and biceps muscles. 
(Copyright 2009 American Society of Regional Anesthesia and Pain 
Medicine. Used with permission. All rights reserved)

19  Ultrasound-Guided Upper Extremity Blocks



196

Fig. 19.13  Axillary block at the level of the conjoint tendon (CJT). 
The median (M), ulnar (U), and radial (R) nerves are in close proximity 
to the axillary artery (A). The posterior acoustic enhancement (PAE) 
effect can sometimes be misinterpreted as the radial nerve. This can be 
verified by tracing the course of the radial nerve. (Reproduced with 
permission from www.usra.ca)

Fig. 19.14  Median nerve block in the distal arm. (1) Ultrasound probe 
placement. (2) Anatomical structures within the ultrasound transducer 
range. (3) Ultrasound image of median nerve (arrowhead) in the distal 

arm. BA brachial artery, BM biceps muscle, Bra brachioradialis mus-
cle, Brc brachialis muscle, Hum humerus, Tri triceps muscle
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Fig. 19.15  Radial nerve block in the distal arm. (1) Ultrasound probe 
placement. (2) Anatomical structures within the ultrasound transducer 
range. (3) Ultrasound image of the radial nerve (arrowhead) in the dis-

tal arm. BA brachial artery, BM biceps muscle, Bra brachioradialis 
muscle, Brc brachialis muscle, Hum humerus, Tri triceps muscle
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�General Considerations

The need for effective analgesia in the perioperative period 
for major lower limb surgery has generated interest in the 
field of regional anesthesia. These regional techniques are 
commonly performed before central neuraxial blockade, but 
they could potentially be used as the sole anesthetic tech-
nique in conjunction with monitored sedation techniques. 
Regional anesthesia of the lower limb in conjunction with a 
multimodal analgesic regimen could provide obvious advan-
tages such as opioid sparing, shorter hospital stay, improved 
patient satisfaction, and better functional outcomes [1]. This 
chapter describes the current methods and reasons for per-
forming specific blocks to the lower limb utilizing ultra-
sound guidance.

Ultrasound imaging provides direct visualization of nee-
dle tip as it approaches the desired nerves and real-time con-
trol of the spread of local anesthetics [2, 3]. Inclusion of this 
tool requires the operator to have a working knowledge and 
understanding of the principles of ultrasound, in combina-
tion with good hand-eye coordination for optimization of 
probe and needle handling techniques [4]. The ultrasound 
device used ideally possesses a high-frequency (7–12 MHz) 
linear array probe, suited for looking at superficial structures 
(up to an approximate depth of 50 mm), and a low-frequency 
(2–5 MHz) curved array probe, which provides better tissue 

penetration and a wider field of view (but at the expense of 
resolution) (Fig. 20.1).

When using the ultrasound machine to assist with blocks, 
the operator should practice good ergonomic positioning to 
prevent operator fatigue and thus improve block perfor-
mance (Fig. 20.2). When holding the probe, it is often help-
ful to steady its position by gripping it lower down and 
placing the operator’s fingers against the patient’s skin [5].

�Femoral Nerve Block

�Clinical Application

The femoral nerve block provides analgesia and anesthesia 
to the anterior aspect of the thigh and knee, as well as the 
medial aspect of the calf and foot via the saphenous nerve. A 
single injection or continuous catheter technique can be 
used. When combined with a sciatic nerve block, it provides 
complete anesthesia and analgesia below the knee joint.

�Anatomy

The femoral nerve arises from the lumbar plexus (L2, L3, 
and L4 spinal nerves) and travels through the body of the 
psoas muscle [6]. It lies deep to the fascia iliaca, which 
extends from the posterior and lateral walls of the pelvis and 
blends with the inguinal ligament, and superficial to the ilio-
psoas muscle. The femoral artery and vein lie anterior to the 
fascia iliaca. The vessels pass behind the inguinal ligament 
and become invested in the fascial sheath. Thus the femoral 
nerve, unlike the femoral vessels, does not lie within the fas-
cial sheath, but lies posterior and lateral to it (Figs. 20.3 and 
20.4). The fascia lata overlies all three femoral structures: 
nerve, artery, and vein. Thus the femoral nerve is amenable 
to sonographic examination, given its superficial location 
and consistent position lateral to the femoral artery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7754-3_20&domain=pdf
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�Preparation and Positioning

Intravenous access is established and standard monitors are 
applied. The patient is placed supine with the leg in the neu-
tral position. Intravenous sedative agents and oxygen therapy 
are administered as required. In patients with high body 
mass index, it may be necessary to retract the lower abdomen 
to expose the inguinal crease. This may be performed by an 
assistant or by using adhesive tape, going from the patient’s 
abdominal wall to an anchoring structure such as the side 
arms of the stretcher. Skin disinfection is then performed and 
a sterile technique observed.

�Ultrasound Technique

A high-frequency (7–12  MHz) linear ultrasound is placed 
along the inguinal crease. Either an in-plane or out-of-plane 
approach may be used (Figs. 20.5 and 20.6).

The ultrasound probe is placed to identify the femoral 
artery and then is moved laterally, keeping the femoral artery 
visible on the medial aspect of the screen. It is often easier to 
see the femoral nerve when it is visualized more proximally 
beside the common femoral artery, rather than distal to the 
branching of the profunda femoris artery. Thus, if two arter-
ies are identified, scan more proximally until only one artery 
is visible. The femoral nerve appears as a hyperechoic, flat-
tened oval structure lateral to the femoral artery (Fig. 20.7).

The femoral nerve is usually observed 1–2 cm lateral to 
the femoral artery. Once the femoral nerve has been identi-
fied, lidocaine is infiltrated into the overlying skin and sub-
cutaneous tissue. The distension of the subcutaneous tissues 
with infiltration of the lidocaine can be seen on the ultra-
sound image.

�Single-Injection Technique

A 20-mL syringe is attached to the 50-mm block needle. The 
block needle is inserted either in an in-plane or out-of-plane 
approach. Whether an in-plane or out-of-plane approach is 
used, the needle tip should be constantly visualized with 
ultrasound. The advantage of the in-plane approach is that it 
is usually possible to visualize the whole shaft of the needle, 
whereas only the tip may be visible with an out-of-plane 
approach. The needle is aimed adjacent to the nerve. Using 
ultrasound guidance alone, it is possible to deliberately direct 
the needle a few centimeters lateral to the femoral vessels 
and nerve under the fascia iliaca. If nerve stimulation is used, 
either a quadriceps muscle contraction (patellar twitch) or a 
sartorius muscle contraction is satisfactory as an end point. 
After a negative aspiration test for blood, 20  mL of local 

Fig. 20.1  Linear probe (left), curvilinear probe (right)

Fig. 20.2  Proper positioning of operator using an ultrasound machine
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Fig. 20.3  The femoral nerve and its relations to the femoral triangle
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Fig. 20.4  The femoral nerve

Fig. 20.5  In-plane approach for the femoral nerve block Fig. 20.6  Out-of-plane approach for the femoral nerve block
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anesthetic is injected in 5-mL increments. The spread of the 
local anesthetic can be visualized in real time as hypoechoic 
solution surrounding the femoral nerve, and the needle tip is 
repositioned if required to ensure appropriate spread. 
Figures  20.8 and 20.9 illustrate the image of the femoral 
nerve before and after the injection of local anesthetic around 
it. In Fig. 20.8, the femoral structures are identified with the 
block needle in place. Figure 20.9 shows the spread of local 
anesthetic around the femoral nerve.

�Continuous Catheter Technique

This technique is similar to the single-injection technique. 
An in-plane or out-of-plane approach may be employed. An 
80-mm, 17 G insulated needle with a 20G catheter is used. If 
nerve stimulation is utilized, then it is attached to the catheter 

and not to the introducing needle. The catheter is placed 
within the introducer needle such that its tip is well within 
the introducer needle, in order to prevent any catheter tip 
damage as the introducer is positioned. Care must be taken to 
grip the catheter together with the introducer needle at its 
hub to prevent any unwanted migration of the catheter fur-
ther into the introducer needle. An electrical circuit is still 
formed as current passes from the tip of the catheter to the tip 
of the introducer needle and into the patient. The introducer 
needle tip is visualized in the correct position by ultrasound, 
and the quadriceps contraction occurs at a current of 0.3–
0.5 mA if electrical stimulation is utilized. The needle may 
be repositioned at this point to a more horizontal position, to 
enable the threading of the catheter. The catheter is now 
advanced and electrical stimulation (if used) is maintained. 
Catheter insertion should be without resistance. If not, then 
the needle needs to be repositioned. The catheter is usually 
advanced further in the space as the introducer needle is 
removed, such that it is approximately 5 cm beyond where 
the tip of the introducer needle was placed. (Thus it is usu-
ally about 10  cm at the skin.) The catheter’s position is 
secured and dressings are applied. Local anesthetic spread 
can be visualized as it surrounds the femoral nerve in both 
the transverse and longitudinal planes.

�Sciatic Nerve Block

�Clinical Application

Blockade of the sciatic nerve results in anesthesia and 
analgesia of the posterior thigh and lower leg. When com-
bined with a femoral nerve, saphenous nerve, or lumbar 
plexus block, it provides complete anesthesia of the leg 
below the knee.

Fig. 20.7  Transverse scan of inguinal region. The arrowhead indicates 
the femoral nerve. FA femoral artery, FV femoral vein

Fig. 20.8  Femoral structures with block needle in place, using an in-
plane approach. FA femoral artery, FN femoral nerve, FV femoral vein

Fig. 20.9  Local anesthetic spread around femoral structures. FA femo-
ral artery, FN femoral nerve, FV femoral vein
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�Anatomy

The last two lumbar nerves (L4 and L5) merge with the 
anterior branch of the first sacral nerve to form the lumbosa-
cral trunk. The sacral plexus is formed by the union of the 
lumbosacral trunk with the first three sacral nerves 
(Fig. 20.10). The roots form on the anterior surface of the 
lateral sacrum and become the sciatic nerve on the ventral 
surface of the piriformis muscle. It exits the pelvis through 
the greater sciatic foramen below the piriformis muscle and 
descends between the greater trochanter of the femur and the 
ischial tuberosity between the piriformis and gluteus maxi-
mus, and then the quadratus femoris and the gemelli muscles 
and gluteus maximus. More distally, it runs anterior to the 
biceps femoris before entering the popliteal triangle. At a 
variable point before the lower third of the femur, it divides 
into the tibial and common peroneal nerves.

�Preparation and Positioning

After adequate monitoring and intravenous access is estab-
lished, the patient is placed in a lateral decubitus position 
with the side to be blocked uppermost. The knee is flexed 

and the foot positioned so that twitches of the foot are easily 
seen. Bony landmarks are identified, which include the 
greater trochanter and the ischial tuberosity. The sciatic 
nerve lies within a palpable groove, which can be marked 
prior to using the ultrasound. Skin disinfection is then per-
formed and a sterile technique observed.

�Ultrasound Technique

The sciatic nerve is the largest peripheral nerve in the body, 
measuring more than 1 cm in width at its origin and approxi-
mately 2  cm at its greatest width. Multiple different 
approaches are described using surface landmarks. The sci-
atic nerve is amenable to imaging with ultrasound, but it is 
considered a technically challenging block because of the 
lack of any adjacent vascular structures and its deep location 
relative to skin. It can be approached with either an in-plane 
approach (Fig.  20.11) or an out-of-plane approach 
(Fig. 20.12).

A low-frequency curved array probe (2–5 MHz) is pre-
ferred. The ultrasound probe is placed over the greater tro-
chanter of the femur, and its curvilinear bony shadow is 
delineated. The probe is moved medially to identify the 
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curvilinear bony shadow of the ischial tuberosity. The sciatic 
nerve is visible in a sling between these two hyperechoic 
bony shadows (Fig. 20.13). It usually appears as a wedge-
shaped hyperechoic structure that is easier to identify more 
proximally, and then followed down to the infragluteal 
region. It is often easier to identify it from its surrounding 
structures by decreasing the gain on the ultrasound machine. 

The depth of the sciatic nerve varies mainly with body 
habitus. To reach the target, the angle of approach of the 
needle is often close to perpendicular to the skin [7]. This 
makes visualization of the entire needle shaft using the in-
plane approach more difficult. An out-of-plane approach is 
often used, whereby only a cross-sectional view of the nee-
dle is visible. The skin is infiltrated with lidocaine at the 
point of insertion of the block needle. The needle tip is 
tracked at all times. Imaging of the needle tip, this deep can 
be problematic, and its position is often inferred from the 
movement of the tissues around it, and by injections of small 
volumes of D5W, local anesthetic, or air. Electrical stimula-
tion can be used to help confirm needle-to-nerve contact. It is 
useful to use the ultrasound to observe the pattern of local 
anesthetic spread around the sciatic nerve in real time. The 
aim is to reposition the needle tip if required to obtain cir-
cumferential spread around the nerve, but this goal cannot 
always be achieved, as moving the needle around the nerve 
can be technically challenging.

�Sciatic Nerve Blockade in the Popliteal Fossa

�Clinical Application

Sciatic nerve blockade distally at the popliteal fossa is used 
for anesthesia and analgesia of the lower leg. As opposed to 
more proximal sciatic nerve block, popliteal fossa block 
anesthetizes the leg distal to the hamstring muscles, allowing 
patients to retain knee flexion.

�Anatomy

The sciatic nerve is a nerve bundle containing two separate 
nerve trunks, the tibial and common peroneal nerves. The 
sciatic nerve passes into the thigh and lies anterior to the 

Fig. 20.11  In-plane approach for the sciatic nerve block, subgluteal 
approach

Fig. 20.12  Out-of-plane approach for the sciatic nerve block, subglu-
teal approach

Fig. 20.13  Transverse scan of sciatic nerve (arrowhead)
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hamstring muscles (semimembranosus, semitendinosus, and 
biceps femoris [long and short heads]), lateral to the adduc-
tor magnus, and posterior and lateral to the popliteal artery 
and vein. At a variable level, usually between 30 and 120 mm 
above the popliteal crease, the sciatic nerve divides into the 
tibial (medial) and common peroneal (lateral) components 
[8]. The tibial nerve, the larger of the two divisions, descends 
vertically through the popliteal fossa, where distally it 
accompanies the popliteal vessels. Its terminal branches are 
the medial and lateral plantar nerves. The common peroneal 
nerve continues downward and descends along the head and 
neck of the fibula. Its superficial branches are the superficial 
and deep peroneal nerves. Since most foot and ankle surgical 
procedures involve both tibial and common peroneal compo-
nents of the nerve, it is essential to anesthetize both nerve 
components. Blockade of the nerve before it divides there-
fore simplifies the technique.

�Preparation and Positioning

Noninvasive monitors are applied and intravenous access 
obtained. The patient is placed prone. The foot on the side 
to be blocked is positioned so that any movement of the 
foot can be easily seen, placed with the foot hanging off the 
end of the bed with a pillow under the ankle. Oxygen ther-
apy and adequate intravenous sedation are administered. 
The popliteal crease is identified, and the inner borders of 
the popliteal fossa are marked. Skin disinfection is per-
formed and a sterile technique is observed. Once the block 
has been inserted, the patient is moved supine for the opera-
tive procedure.

�Ultrasound Technique

Ultrasound imaging allows the nerves to be followed to 
determine their exact level of division, removing the need to 
perform the procedure an arbitrary distance above the popli-
teal fossa. Thus an insertion point can be chosen that mini-
mizes the distance to the nerve from the skin. Both the 
in-plane and out-of-plane approach may be used (Figs. 20.14 
and 20.15).

A high-frequency (7–12  MHz) linear array probe is 
appropriate for this block. Start with the ultrasound probe in 
a transverse plane above the popliteal crease. The easiest 
method for finding the sciatic nerve is to follow the tibial 
nerve. Locate the popliteal artery at the popliteal crease. The 
tibial nerve will be found lateral and posterior to it, as a 
hyperechoic structure. Follow this hyperechoic structure 
until it is joined further proximal in the popliteal fossa by the 
peroneal nerve. The sciatic nerve can also be found directly 
above the popliteal fossa by looking deep and medial to the 

biceps femoris and semitendinosus muscles and superficial 
and lateral to the popliteal artery (Fig. 20.16).

It is often useful to angle the ultrasound probe caudally to 
enhance nerve visibility. If nerve visualization is difficult, 
the patient is asked to plantarflex and dorsiflex the foot. This 
causes the tibial and peroneal components to move during 
foot movement, called the “seesaw sign.”

Once the sciatic nerve has been identified in the popliteal 
fossa, the skin is infiltrated with lidocaine at the desired point 

Fig. 20.14  In-plane approach for the popliteal nerve block

Fig. 20.15  Out-of-plane approach for the popliteal nerve block
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of insertion of the block needle. The out-of-plane technique 
is commonly used, as it is simpler and less uncomfortable for 
the patient, but it does not allow visualization of the whole 
needle shaft.

The block needle is inserted and directed next to the sci-
atic nerve. Once the needle tip lies adjacent to the nerve, a 
muscle contraction can be elicited, if preferred, by slowly 
increasing the nerve stimulator current until a twitch is seen 
(commonly less than 0.5 mA). After negative aspiration for 
blood, local anesthetic is incrementally injected. It is impor-
tant to examine the spread of local anesthetic and ensure that 

spread is seen encircling the nerve. Needle repositioning 
may be needed to ensure adequate spread on either side of 
the nerve (Fig. 20.17).

�Lumbar Plexus Block

�Clinical Application

Lumbar plexus block (psoas compartment block) leads to 
anesthesia and analgesia of the hip, knee, and anterior thigh. 
Combined with sciatic nerve blockade, it provides anesthesia 
and analgesia for the whole leg.

�Anatomy

The lumbar plexus is formed from the anterior divisions of 
L1, L2, L3, and part of L4 (Fig. 20.18). The L1 root often 
receives a branch from T12. The lumbar plexus is situated 
most commonly in the posterior one third of the psoas major 
muscle, anterior to the transverse processes of the lumbar 
vertebrae. The major branches of the lumbar plexus are the 
genitofemoral nerve, the lateral cutaneous femoral nerve of 
the thigh, and the femoral and obturator nerves.

�Preparation and Positioning

The patient is placed in the lateral decubitus position with 
the side to be blocked uppermost. The leg must be positioned 
such that contractions of the quadriceps muscle are visible. 
Noninvasive monitors are applied and intravenous access 
obtained. Intravenous sedative agents and oxygen therapy 
are administered as required. More sedation is usually 
required for lumbar plexus blocks than for other techniques, 
as the block needle has to pass through multiple muscle 
planes. Skin disinfection is performed and a sterile technique 
observed.

�Ultrasound Technique

This is considered to be an advanced technique because of 
the depth of the target from the skin and the technical diffi-
culty of using the ultrasound to perform real-time imaging as 
the block is performed.

The target is to place the needle in the paraspinal area at 
the level of L3/4. Ultrasound can be used both to confirm the 
correct vertebral level and to guide the needle tip under direct 
vision. A low-frequency (2–5  MHz) curved array probe is 
used. It is placed in a paramedian longitudinal position 

Fig. 20.16  Transverse section of the popliteal region. PA popliteal 
artery, BF biceps femoris muscle, TN popliteal nerve, SM semimem-
branosus muscle, PV popliteal vein

Fig. 20.17  View of popliteal nerve after injection of local anesthetic 
(asterisk)

M. Singh et al.
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(Fig. 20.19). Firm pressure is required to obtain good-quality 
images. The transverse processes are identified at the L3/4 
space by moving the ultrasound probe laterally from the spi-
nous processes in the midline, staying in the longitudinal 
plane. Going from the midline and moving the probe later-
ally, the articular processes are seen, with the adjoining supe-
rior and inferior articular processes of the facets forming a 
continuous “sawtooth” hyperechoic line. As the probe is 
moved further laterally, the transverse processes are seen, 

with the psoas muscle lying between them. The image is of a 
“trident” (Fig. 20.20), with the transverse processes causing 
bony shadows and the psoas muscle lying in between.

At this point, the ultrasound probe is usually 3–5 cm off 
the midline. The lumbar plexus is not usually directly visual-
ized but lies within the posterior third of the psoas muscle 
(i.e., the closest third of the psoas muscle seen with the ultra-
sound probe). The distance from the skin to the psoas muscle 
can be measured using the caliper function of the ultrasound 
machine. This gives an estimate of the depth of the lumbar 
plexus before needle insertion. Note that the peritoneal cav-
ity, the great vessels, and the kidney lie anterior to the psoas 
muscle (further away from the skin in this ultrasound view). 
Thus care with needle tip placement should be maintained at 
all times.

The depth of the plexus is most often between 50 and 
100  mm from the skin surface. An in-plane or an out-of-
plane technique may be used. If an in-plane approach is 
used, the usual direction for insertion is from caudad to ceph-
alad. For the out-of-plane approach, the site for the block 
needle is on the medial side of the ultrasound probe (which 
is maintained in its longitudinal position). The needle must 
be placed at the center of the probe, directed slightly laterally 
so that in its path it comes directly under the ultrasound 
beam. Advancing the needle from a medial to a lateral direc-
tion is also preferred, to avoid insertion into the dural cuff, 
which can extend laterally beyond the neural foramina. 
Lidocaine is infiltrated into the skin and subcutaneous tissue 
at the point where the block needle is to be inserted. The 
needle is observed in real time and targeted toward the pos-
terior third of the psoas muscle bulk. Electrical stimulation is 
commonly used to confirm proximity to the lumbar plexus. 
The target is to elicit quadriceps muscle contraction. When 
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Fig. 20.18  The lumbar plexus

Fig. 20.19  Positioning for ultrasound-guided lumbar plexus block
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satisfied with the needle tip position, the local anesthetic is 
injected incrementally (with frequent aspiration to monitor 
for blood or CSF), and its spread is observed, looking for 
fluid and tissue expansion in the psoas muscle bulk.

�Obturator Nerve Block

�Clinical Application

The obturator nerve sends articular branches to the hip and 
knee joints and innervates a relatively small dermatome area 
on the medial aspect of the knee. The obturator nerve also 
supplies the adductor muscles on the medial aspect of the 
thigh. Blockade of the obturator nerve using the “3-in-1” 
technique is unreliable, and ultrasonography again offers an 
excellent opportunity for direct visualization and subsequent 
effective blockade of that nerve.

�Anatomy

The anterior divisions of L2-4 ventral rami form this nerve. It 
descends toward the pelvis from the medial border of the psoas 
major muscle and travels through the obturator canal. Once it 
emerges from the obturator canal, it enters the medial aspect of 
the thigh and divides into anterior and posterior divisions, which 
run anterior and posterior to the adductor brevis. The anterior 
division supplies the adductor brevis and longus, and the poste-
rior division supplies the knee joint and adductor magnus.

�Preparation and Positioning

Noninvasive monitors are applied and intravenous access 
obtained. Intravenous sedative agents and oxygen therapy 
are administered as required. The groin is exposed on the 
side to be blocked. Slight abduction of the hip and external 
rotation of the thigh help in improving the probe placement 
and image optimization. Skin disinfection is then performed 
and a sterile technique observed.

�Ultrasound Technique

A high-frequency (7–12 MHz) linear array probe is appro-
priate for this block. Ultrasonography is performed just 
below the inguinal ligament, to see the femoral artery and 
vein. The probe should be moved medially and slightly cau-
dal, maintaining its horizontal position (Fig.  20.21). The 
obturator nerve lies between the pectineus, adductor longus, 

and short adductor brevis muscles. The anterior branch of the 
obturator nerve lies in a fascial layer between the pectineus, 
adductor longus, and adductor brevis muscles. The posterior 
branch lies between the adductor brevis and the adductor 
magnus muscles.

Going laterally, the pectineus is identified, and then the 
adductor muscles. The anterior branch of the obturator 
nerve can be found between the adductor longus and the 
(deeper) adductor brevis. The posterior branch is found 
between the adductor brevis and the (deeper) adductor mag-
nus muscles. In both cases (anterior and posterior), the obtu-
rator nerve is often seen as a hyperechoic structure, although 
sometimes only the fascial planes can be distinguished 
(Fig. 20.22).

An in-plane or an out-of-plane approach may be used. It 
is useful to obtain an ultrasound image where both 
branches are visible, and then choose a single needle inser-
tion point from which both branches of the nerve may be 
blocked. The skin is infiltrated with lidocaine at this point. 
When the block needle tip is positioned at the correct site 
between the fascial planes, local anesthetic solution is 
injected. The local anesthetic should be observed to cause 
distension of the intermuscular fascial planes and surround 
the nerve (if visible).

To aid localization of the obturator nerve, low-current 
nerve stimulation may be used to elicit adductor muscle con-
traction. It is possible to perform the block without the use of 
nerve stimulation and also without exactly identifying the 
obturator nerve branches themselves [9]. The important steps 

Fig. 20.21  In-plane approach for the obturator nerve block
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when using ultrasound guidance are correct identification of 
the muscle layers and deposition of the local anesthetic into 
the appropriate interfascial planes.

�Lateral Femoral Cutaneous Nerve Block

�Clinical Application

The lateral femoral cutaneous nerve (LFCN) provides sen-
sory innervation to the lateral thigh. Blockade of the LFCN 
can be used for analgesia for femoral neck surgery in older 
patients. It can also be used for the diagnosis and manage-
ment of meralgia paresthetica, a chronic pain syndrome 
caused by entrapment of the nerve (frequently by adipose 
layers over the iliac crest) [10]. The LFCN has a highly vari-
able course, so the success rate in blocking this nerve is 
much higher with ultrasound guidance than with blind 
approaches [11].

�Anatomy

The LFCN is a pure sensory nerve arising from the dorsal 
divisions of L2/3. After emerging from the lateral border of 

the psoas major muscle, it follows a highly variable path: it 
may pass inferior or superior to the anterior superior iliac 
spine (ASIS) (Fig. 20.23). If it passes medial to the ASIS, it 
can be less than 1 cm or more than 7 cm away from it [12]. It 
is located between the fascia lata and fascia iliaca. It passes 
under the inguinal ligament and crosses the lateral border of 
the sartorius muscle at a variable distance (between 2 and 
11 cm) inferior to the ASIS, where it divides into anterior and 
superior branches.

�Preparation and Positioning

The patient is positioned supine with the leg in a neutral 
position. Noninvasive monitors are applied and intravenous 
access obtained. The groin is exposed and the ASIS marked. 
Intravenous sedative agents and oxygen therapy are adminis-
tered as required. Skin disinfection is then performed over 
the ASIS/groin area and a sterile technique observed.

�Ultrasound Technique

For this superficial technique, a 7–12 MHz high-frequency 
linear array probe is placed immediately medial to the ASIS 
along the inguinal ligament, with the lateral end of the probe 
on the ASIS. The ASIS casts a bony shadow on the ultra-
sound image. The ultrasound probe is moved medially and 
inferiorly from this point. An in-plane or out-of-plane 
approach may be used. The fascia lata, fascia iliaca, and sar-
torius muscle are identified. The nerve is identified as a 
small, hypoechoic structure found between the fascias above 
the sartorius muscle. As it is a superficial structure, an in-
plane approach is used, with a shallow angle of approach. 
The skin is infiltrated with lidocaine, and the block needle is 
inserted to reach the desired skin plane immediately medial 

Fig. 20.22  Transverse image of the medial aspect of upper thigh, 
showing adductor longus, brevis, and magnus muscles

Fig. 20.23  In-plane approach for blocking the lateral femoral cutane-
ous nerve of the thigh
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and inferior to the ASIS.  Using ultrasound guidance, the 
LFCN can be blocked with a much lower dose of local anes-
thetic; blockage with as little as 0.3 mL of lidocaine has been 
reported in the literature [13].

�Saphenous Nerve Block

�Clinical Application

The saphenous nerve is a sensory branch of the femoral 
nerve. It innervates the skin over the medial, anteromedial, 
and posteromedial aspects of the lower limb from above the 
knee to the foot. Thus blockade of the saphenous nerve pro-
duces anesthesia and analgesia of the anteromedial aspect of 
the lower leg, ankle, and foot, but without producing quadri-
ceps muscle weakness. It is commonly used with a sciatic 
nerve block to provide complete anesthesia and analgesia of 
the lower leg. Its small size and lack of a motor component 
make it difficult to localize with conventional nerve localiza-
tion techniques, so ultrasound increases the success rate of 
blocking this nerve [14].

�Anatomy

The saphenous nerve is a terminal branch of the femoral 
nerve, leaving the femoral canal proximally in the femoral 
triangle, descending within the adductor canal, and remain-

ing deep to the sartorius muscle with the superficial femoral 
artery (Fig. 20.24). It is initially found lateral to the femoral 
artery and then becomes more medial and superior to the 
vessel at the distal end of the adductor magnus muscle [15]. 
It is a sensory nerve, covering the medial aspect of the calf, 
ankle, foot, and great toe.

�Preparation and Positioning

The patient is in a supine position, with the leg slightly exter-
nally rotated and the knee flexed. Noninvasive monitors are 
applied and intravenous access obtained. Intravenous sedative 
agents and oxygen therapy are administered as required. The 
medial aspect of the thigh is exposed down to the knee. Skin 
disinfection is then performed here and a sterile technique 
observed.

�Ultrasound Technique

In the mid to distal thigh, the saphenous nerve can be easily 
approached. The nerve can be blocked with an in-plane 
approach (Fig. 20.25) or an out-of-plane approach. A high-
frequency (7–12  MHz) linear ultrasound is placed trans-
verse to the longitudinal axis and is used to scan the medial 
aspect of the thigh. The saphenous nerve is frequently diffi-
cult to visualize, but its relationship to the sartorius muscle 
and vessels is relatively constant. At the medial side of the 
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mid-thigh region (approximately 15  cm proximal to the 
patella), the sartorius muscle and femoral artery are 
identified. The saphenous nerve lies in a position below the 
sartorius muscle. The ultrasound probe is moved in a caudal 
direction from this point along the long axis of the thigh 
until the femoral artery is seen “diving” deeper, toward the 
posterior aspect of the thigh, where it becomes the popliteal 
artery. This area is the “adductor hiatus.” From here, the 
ultrasound probe is brought 2–3 cm proximally, to the distal 
adductor canal, and the saphenous nerve is blocked at this 
level (Fig. 20.26).

Note that the diameter of the saphenous nerve varies 
widely. The aim is to insert the needle deep to the sartorius 
and deposit the local anesthetic medial to the artery. More 
distally in the thigh, 5–7 cm proximal to the popliteal crease, 
the saphenous nerve is superficial to the descending branch 
of the femoral artery, deep to the sartorius muscle, and pos-
terior to the vastus medialis muscle.

More distally, the saphenous nerve pierces the fascia lata 
between the sartorius and gracilis tendons to join the subcu-
taneous saphenous vein. The saphenous nerve is posterome-
dial to the vein at the level of the tibial tuberosity, although it 
is difficult to visualize using ultrasound. Ultrasound-guided 
paravenous injection of local anesthetic using light pressure 
with a high-frequency linear transducer probe is easily per-
formed at this level.

�Ankle Block

�Clinical Application

Ankle block can be used for anesthesia and analgesia of the 
foot (midfoot and forefoot). It can be used for diagnostic and 
therapeutic purposes with spastic talipes equinovarus and 
sympathetically mediated pain. It is useful for postoperative 
pain relief, as it causes no motor blockade of the foot; 
patients can ambulate with crutches immediately after sur-
gery, which facilitates faster discharge home.

�Anatomy

Five peripheral nerves innervate the foot area (Fig. 20.27):

•	 The saphenous nerve, a terminal branch of the femoral 
nerve, supplies the medial side of the foot. Branches of 
the sciatic nerve innervate the remainder of the foot.

•	 The sural nerve innervates the lateral aspect of the foot. 
This is formed from the tibial and communicating super-
ficial peroneal branches.

•	 The posterior tibial nerve supplies the deep plantar struc-
tures, the muscles, and the sole of the foot.

•	 The superficial peroneal nerve innervates the dorsal 
aspect of the foot.

•	 The deep peroneal nerve supplies the deep dorsal struc-
tures and the web space between the first and second toes.

The saphenous, superficial peroneal, and sural nerves lie 
subcutaneously at the level of the malleoli. The posterior 
tibial nerve and deep peroneal nerve lie deeper in the tissues: 
the tibial nerve lies under the flexor retinaculum, and the 
deep peroneal nerve lies under the extensor retinaculum. The 

Fig. 20.25  In-plane approach for saphenous nerve block at the level of 
the adductor canal

Fig. 20.26  Transverse view showing the saphenous nerve (N) and sar-
torius muscle (SART). FA femoral artery
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posterior tibial nerve passes with the posterior tibial artery 
posterior to the medial malleolus. The deep peroneal nerve 
passes lateral to the anterior tibial artery under the flexor reti-
naculum before emerging more superficially to travel with 
the dorsalis pedis artery on the dorsum of the foot.

The exact areas of the foot supplied by each nerve vary 
significantly in the population. Thus for surgical procedures 
that require a tourniquet, blockage of all five nerves is 
required.

�Preparation and Positioning

The patient is placed supine. Noninvasive monitors are 
applied and intravenous access obtained. Intravenous seda-
tive agents and oxygen therapy are administered as required. 

The foot is elevated with a pillow (or similar) such that the 
anterior and medial aspects of the ankle are accessible. Skin 
disinfection is then performed and a sterile technique 
observed.

�Ultrasound Technique

�Blockade of the Superficial Peroneal, Saphenous, 
and Sural Nerves
Traditionally, blockade of the superficial peroneal, saphe-
nous, and sural nerves is performed by infiltration subcuta-
neously without the use of ultrasound. This is performed by 
a circumferential subcutaneous injection of 10 to 15 mL of 
local anesthetic solution over the anterior aspect of the ankle, 
in a line just proximal to the malleoli. However, a newer 
technique using ultrasound to locate the sural nerve has been 
described in the literature. This was performed applying a 
tourniquet and looking 1 cm proximal to the lateral malleo-
lus for the distended lesser saphenous vein [16]. No attempt 
is made to identify the sural nerve itself, and the local anes-
thetic is inserted using an out-of-plane approach to obtain 
circumferential perivascular spread (usually achieved with 
less than 5 mL of local anesthetic).

Ultrasound also facilitates blockade of the posterior tibial 
and deep peroneal nerves, the two deep nerves that supply 
the foot.

�Blockade of the Posterior Tibial Nerve
A 7–12 MHz linear array ultrasound probe is used, as the 
structures usually lie within 2–3 cm of the skin. If present on 
the ultrasound machine, the 10–15  MHz “hockey stick” 
ultrasound probe also may be used for this block. The probe 
is placed immediately superior and slightly posterior to the 
medial malleolus, in the transverse plane. The bony landmark 
of the medial malleolus is easily identified as a hyperechoic, 
curvilinear shadow. The tibial arterial pulsation and the 
hyperechoic tibial nerve are seen posterior and superficial to 
the medial malleolus. The order of the structures (seen going 
posteriorly from the medial malleolus) is tendons, then 
artery, and then nerve (“TAN”).

An in-plane or an out-of-plane approach may be used 
(Figs. 20.28 and 20.29). An in-plane approach is most often 
used, and nerve stimulation can be used to confirm position 
if required before insertion of local anesthetic. Ultrasound 
can be used to confirm circumferential spread of local anes-
thetic around the nerve; 5 mL of local anesthetic is sufficient 
with the use of this method.

�Blockade of the Deep Peroneal Nerve
The deep peroneal nerve is not readily visualized using ultra-
sound. Thus its position is usually inferred by locating the 
dorsalis pedis artery. The ultrasound probe is placed on the 
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dorsum of the foot at the intermalleolar line. The dorsalis 
pedis pulsation is identified, and sometimes the deep pero-
neal nerve is seen as a round, hyperechoic structure lateral to 
the artery.

The dorsal foot is convex in shape, and the nerve is in a 
superficial location, making it difficult to use the in-plane 
approach for this block. Thus the out-of-plane approach is 
commonly used for needle insertion. Once it is identified, 
2–3  mL of local anesthetic is deposited around the deep 
peroneal nerve. If the nerve is not seen, the local anesthetic 
can be deposited lateral to the dorsalis pedis artery.

�Blockade of the Proximal Superficial Peroneal 
Nerve
Recently, a new approach for ultrasound visualization of the 
superficial peroneal nerve has been described [17, 18]. With 
the patient in supine position, the leg is flexed at the knee. 
Using a high-frequency (7–12 MHz) linear array ultrasound 
probe, the common peroneal nerve is visualized at the level 
of the knee, winding around the head of the fibula. The nerve 
is followed down distally until it divides into the deep and 
superficial branches. The superficial peroneal nerve can be 
visualized lying along the fascial plane between the peroneus 
brevis muscle laterally and the extensor digitorum longus 
muscle medially. An in-plane technique using a 22 G blunt 
needle is used to deposit 5 mL of the local anesthetic solution 
(Figs. 20.30 and 20.31).

Acknowledgment  We thank Mr. Ewen Chen, HBSc, MBBS candi-
date, for his exceptional efforts and help with formatting and editing of 
the images included in this chapter.

Fig. 20.28  In-plane approach to block the posterior tibial nerve

Fig. 20.29  Out-of-plane approach to block the posterior tibial nerve

Fig. 20.30  In-plane approach for ultrasound-guided block of the prox-
imal superficial peroneal nerve
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�Introduction

Continuous peripheral nerve block (CPNB) catheters, also 
known as “perineural” catheters, extend the potential dura-
tion of anesthesia and analgesia provided by peripheral nerve 
block techniques. In the ambulatory setting, the use of CPNB 
has been shown to increase the quality of pain control expe-
rienced by patients at home and to reduce the incidence of 
side effects produced by conventional opioid analgesics [1–
3]. For hospitalized patients, CPNB techniques have simi-
larly demonstrated postoperative analgesia efficacy following 
major surgery [4–7], facilitating early rehabilitation [4, 8], 
and shortening the time to achieve hospital discharge criteria 
in arthroplasty patients [6, 7, 9]. In select patients, joint 
replacement with only overnight hospitalization and outpa-
tient management of perineural infusions is feasible [10–12] 
and offers potential economic benefits [13].

The use of electrical nerve stimulation guidance for 
CPNB performance, employing either stimulating or non-
stimulating perineural catheters, is well established [1, 2, 
14–16], but ultrasound guidance has emerged as a reliably 
effective and efficient technique for perineural catheter 
insertion [17–23].

�Applications

Ultrasound-guided CPNB techniques may be performed in a 
variety of locations: along the brachial plexus [17, 18, 22–
25], femoral nerve [21, 26, 27], sciatic nerve [19, 22, 27, 28], 
paravertebral space [29], and ilioinguinal and iliohypogas-

tric nerves [30], as well as within the transversus abdominis 
plane [31, 32]. Essentially, perineural catheters for continuous 
local anesthetic infusion may be placed in the vicinity of 
nearly all peripheral nerves using ultrasound guidance. To 
date, most published ultrasound-guided perineural catheter 
insertion techniques share a common step of injecting fluid 
via the placement needle around the target nerve under direct 
visualization, creating sufficient space for subsequent cath-
eter insertion [17, 19–22]. The specific techniques differ 
mainly in the choice of needle insertion site and trajectory 
relative to transducer position (in-plane versus out-of-plane) 
and transducer orientation relative to the target nerve (short-
axis versus long-axis) [33, 34].

�Overview of Ultrasound-Guided Perineural 
Catheter Insertion

�Nerve in Short Axis: Needle In-Plane Approach

The short-axis imaging (cross-sectional imaging) of target 
nerves permits differentiation of neural tissue from surround-
ing anatomic structures such as muscle and adipose [34]. 
Insertion of a 17- or 18-gauge Tuohy-tip needle and real-time 
guidance within the ultrasound beam (in-plane) allows the 
practitioner to visualize the entire length of the needle includ-
ing the tip, thereby avoiding inadvertent intravascular or 
intraneural needle insertion during the CPNB procedure 
(Fig. 21.1) [33]. Fluid injected via the needle may be directed 
around the target nerve in a deliberate fashion prior to peri-
neural catheter placement. A potential disadvantage of the in-
plane needle guidance technique with short-axis imaging is 
the needle orientation perpendicular to the path of the target 
nerve, which may result in catheters being inserted beyond 
the nerve and misplacement of the subsequent local anes-
thetic infusion [35]. The use of a flexible, epidural-type cath-
eter may prevent catheter tip misplacement and may be more 
appropriate for in-plane ultrasound-guided CPNB techniques 
utilizing short-axis imaging [17, 19, 21].
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Specific challenges in adopting the in-plane needle 
guidance approach include acceptance of “new” needle 
insertion sites that differ from traditional nerve stimulation 
techniques [19, 21] and technical difficulty in visualizing the 
needle tip throughout the CPNB procedure.

�Nerve in Short Axis: Needle Out-of-Plane 
Approach

In this approach, the target nerve is visualized in short axis, 
but the placement needle is inserted in approximately the 
same predicted sites recommended by nerve stimulation 
techniques, only aided by ultrasound-guided nerve localiza-
tion (Fig. 21.2). Because the needle passes through the plane 
of the ultrasound beam, needle tip identification can be dif-
ficult or impossible [34, 36]. Practitioners have recom-
mended the use of local tissue movement and intermittent 
injection of fluid via the placement needle to infer the posi-
tion of the needle tip during advancement [22, 36]. Once the 
placement needle is in proximity to the target nerve, the pos-
sible advantage of this technique over the in-plane approach 

is the potential to advance the perineural catheter nearly par-
allel to the path of the nerve. Additionally, the needle 
insertion sites involved are more familiar to practitioners 
who practice stimulation-guided regional anesthesia.

�Nerve in Long Axis: Needle In-Plane

In theory, visualizing the target nerve in the long axis while 
using in-plane guidance of the needle and perineural catheter 
should be the optimal approach (Fig.  21.3). Unfortunately, 
imaging these structures within the same plane is challeng-
ing, to say the least, and is limited to specific circumstances 
[27, 37]. Anatomically, few nerves maintain a trajectory that 
is straight enough to permit long-axis imaging [27, 38], and 
though this technique may potentially place the catheter tip in 
closer proximity to the target nerve, the time required to per-
form this technique is longer than required by the short-axis 
in-plane technique, without any clinical advantages when 
using standard perineural infusion regimens [37]. To date, 
this approach has not been validated in randomized clinical 
trials for brachial plexus perineural catheter insertion.

Fig. 21.1  Short-axis imaging of the target nerve with needle advance-
ment under in-plane ultrasound guidance Fig. 21.2  Short-axis imaging of the target nerve with the needle 

advancement under out-of-plane ultrasound guidance
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�Preparation for Ultrasound-Guided 
Perineural Catheter Insertion

�Sterile Technique

Prior to perineural catheter insertion, the planned procedural 
site should be shaved, if necessary, to accommodate catheter 
dressings. For all perineural catheter insertion procedures, 
sterile technique is recommended [39]. Included are skin 
preparation with chlorhexidine gluconate solution; a sterile 
fenestrated surgical drape; sterile equipment, including a 
protective ultrasound transducer sleeve and conductive gel; 
sterile gloves; and surgical cap and mask.

�Standard Perineural Catheter Equipment

Various needle and perineural catheter equipment sets have 
been presented. For practitioners employing short-axis imaging 
and in-plane needle guidance technique, the nonstimulating, 
flexible epidural-type catheter and Tuohy-tip placement needle 
are preferred [17, 19–21]. Stimulating perineural catheters may 
also be used with ultrasound guidance [18, 23, 25, 28, 35]. 

Many other nonstimulating catheter and placement needle 
combinations have been employed for ultrasound-guided 
perineural catheter techniques [22, 36, 40]. The number of 
catheter orifices may have clinical effects depending on the 
catheter insertion technique and perineural infusion regimen 
[41], but these effects have not been rigorously studied to 
date. An electrical nerve stimulator will also be required if 
using a combined technique of ultrasound guidance and 
electrical stimulation. Local anesthetic (e.g., 1% lidocaine) 
should also be included within the perineural catheter set for 
skin infiltration and injection within the subcutaneous and 
muscular tissues that comprise the trajectory of the place-
ment needle.

�Ultrasound-Guided Perineural Catheter 
Insertion Techniques for Common Surgical 
Procedures

�Interscalene CPNB

Indications: Shoulder or proximal humerus surgery

Transducer Selection: High-frequency, linear

Preparation and Equipment: As above

Patient Positioning: Supine, with the head turned away from 
the affected side [42], or lateral decubitus with the affected 
side nondependent [18, 25]

Technique: The ultrasound transducer should be placed at the 
level of the cricoid cartilage perpendicular to the skin, with 
the anterior portion of the transducer over the clavicular head 
of the sternocleidomastoid (SCM) muscle (Fig. 21.4a). After 
identifying the brachial plexus between the anterior and mid-
dle scalene muscles (Fig. 21.4b), insert the placement needle 
in either a cephalad-to-caudad direction out-of-plane [36, 43] 
or in a posterior-to-anterior direction in-plane [18, 24, 25], 
and advance the needle until the tip is in proximity to the tar-
get nerve. Injectate solution (local anesthetic, saline, or dex-
trose-containing water) via the placement needle facilitates 
subsequent perineural catheter insertion. Catheter tip position 
may be inferred using electrical stimulation [25], agitated 
injectate [44], or air injected via the catheter [45].

Pearls: Identify the SCM over the internal jugular vein, and 
follow the deep fascia of the SCM posteriorly. The adjacent 
group of muscles posterior and deep to the SCM are the sca-
lene muscles. If the plane between the anterior and middle 
scalene muscles is not apparent, slide the transducer caudad 
until the separation of the two muscles can be visualized. 

Fig. 21.3  Long-axis imaging of the target nerve with needle advance-
ment under in-plane ultrasound guidance
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When advancing the placement needle through the middle 
scalene muscle using an in-plane technique, direct the tip of 
the needle toward hyperechoic connective tissue or perineu-
ral fat, rather than toward the hypoechoic neural structures, 
to avoid inducing paresthesias.

�Infraclavicular CPNB

Indications: Distal humerus, elbow, forearm, and hand 
surgery

Transducer Selection: Low-frequency, small curvilinear 
(preferred) or high-frequency, linear

Preparation and Equipment: As above

Patient Positioning: Supine, with the affected arm abducted, 
if feasible, and the head turned away from the side to be 
blocked [17, 20]

Technique: The ultrasound transducer is applied medial and 
caudad to the ipsilateral coracoid process and oriented in a para-
sagittal plane (Fig. 21.5a). After identifying the brachial plexus 
cords around the axillary artery in a short-axis image (Fig. 21.5b), 
the placement needle is directed cephalad-to-caudad in-plane to 
permit needle tip visualization and avoid inadvertent vascular 
puncture [17, 20]. Injectate solution can be distributed via the 
placement needle around each of the three cords separately [17] 
or as a single deposit posterior to the axillary artery [46] prior to 
perineural catheter insertion. A nonstimulating, flexible epi-
dural-type catheter [17, 20] or stimulating catheter [23] should 
be placed posterior to the axillary artery.

Fig. 21.4  (a) Demonstration of ultrasound transducer position and 
needle insertion site for the right interscalene brachial plexus perineural 
catheter insertion. The patient is positioned supine with the head turned 
away from the side to be blocked. (b) Sample image from ultrasound-
guided interscalene brachial plexus perineural catheter insertion. AS 
anterior scalene muscle, B brachial plexus, MS middle scalene muscle, 
SCM sternocleidomastoid muscle

Fig. 21.5  (a) Demonstration of ultrasound transducer position and 
needle insertion site for the right infraclavicular brachial plexus peri-
neural catheter insertion. The patient is positioned supine with the head 
turned away from the side to be blocked and the right arm abducted. (b) 
Sample image from ultrasound-guided infraclavicular brachial plexus 
perineural catheter insertion. AA axillary artery, C cord of the brachial 
plexus, PMa pectoralis major muscle, PMi pectoralis minor muscle
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Pearls: Although the infraclavicular CPNB can be placed 
with the arm in any position, abducting the arm at the 
shoulder facilitates cross-sectional imaging of the brachial 
plexus and vasculature and reduces the depth of these struc-
tures by stretching the pectoralis muscles and moving them 
further away from the chest wall. Based on a study demon-
strating equal efficacy for single-injection and triple-injec-
tion techniques for infraclavicular CPNB [46], a single 
injection posterior to the axillary artery with subsequent 
perineural catheter insertion is recommended for proce-
dures performed solely for postoperative pain. For perineu-
ral infusion settings, consider a higher basal rate of dilute 
local anesthetic solution (e.g., 0.2% ropivacaine) to maxi-
mize analgesia and minimize the incidence of an insensate 
extremity [47]. When used for similar surgical indications 
(distal upper extremity surgery), infraclavicular CPNB pro-
vides more effective analgesia than supraclavicular peri-
neural catheters, when ultrasound guidance is used for both 
techniques [48].

�Femoral CPNB

Indications: Thigh and knee surgery

Transducer Selection: High-frequency, linear

Preparation and Equipment: As above

Patient Positioning: Supine, with the affected leg straight

Technique: The ultrasound transducer should be applied per-
pendicular to the skin at the level of the inguinal crease, ori-
ented parallel to the inguinal ligament and immediately 
lateral to the femoral artery pulse (Fig. 21.6a). After identify-
ing the femoral nerve below the fascia iliaca lateral to the 
femoral artery (Fig.  21.6b), the placement needle may be 
inserted and directed cephalad-to-caudad out-of-plane [22, 26], 
lateral-to-medial in-plane [21], or cephalad-to-caudad in-
plane [27] until the tip is in proximity to the femoral nerve 
and injectate solution can be deposited around the nerve via 
the needle. A perineural catheter can then be inserted through 
the placement needle, either anterior or posterior to the 
nerve; both catheter positions produce an equal degree of 
motor block in volunteers [49].

Pearls: Utilize color Doppler to aid in the identification of 
the femoral artery. If the profunda femoris artery is visual-
ized, follow this branch cephalad until it joins the femoral 
artery. The femoral nerve will typically be at the same depth 
as the femoral artery. Identify the curved fascia iliaca over 
the iliacus muscle from lateral to medial. The femoral nerve 

is located where the fascia iliaca separates off of the iliacus 
muscle medially. To avoid inadvertently traumatizing the 
nerve, consider using a hydrodissection technique after 
piercing the fascia iliaca. Perineural catheters placed for 
knee surgery should be positioned along the lateral aspect of 
the femoral nerve on the anterior or posterior side [49, 50]; 
low-dose infusions should be used for ambulatory patients, 
to minimize quadriceps weakness [7, 51].

�Subgluteal Sciatic CPNB

Indications: Foot and ankle surgery

Transducer Selection: High-frequency linear or large, low-
frequency curvilinear (preferred)

Preparation and Equipment: As above

Fig. 21.6  (a) Demonstration of ultrasound transducer position and 
needle insertion site for the right femoral perineural catheter insertion. 
The patient is positioned supine with the affected leg straight. (b) 
Sample image from ultrasound-guided femoral perineural catheter 
insertion; FA femoral artery, FN femoral nerve
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Patient Positioning: Semi-prone (Sims position) with the 
knee on the affected side flexed and crossed over the depen-
dent, unaffected leg

Technique: Apply the ultrasound transducer in axial orienta-
tion perpendicular to the skin between the ischial tuberosity 
and the greater trochanter of the femur (Fig. 21.7a) [52, 53]. 
Identify the sciatic nerve medial to the femur and deep to the 
fascia of the gluteus maximus muscle (Fig. 21.7b) [52]. Insert 
the placement needle in a lateral-to-medial direction with in-
plane guidance or in a caudad-to-cephalad direction with out-
of-plane guidance [28]. When the needle tip is in proximity to 
the sciatic nerve, injectate solution is administered via the 
placement needle. Following confirmation of circumferential 

injectate spread around the sciatic nerve, the flexible epidural-
type catheter or styleted stimulating perineural catheter [28] 
can be inserted through the placement needle.

Pearls: The subgluteal approach can also be performed in 
the prone position, although the Sims position offers the 
advantage of stretching the gluteus muscles and reducing 
the depth from skin to target nerve. The sciatic nerve is reli-
ably located between the femur and the ischial tuberosity. 
When subgluteal sciatic perineural catheters are used for 
postoperative analgesia in a basal-bolus infusion regimen, 
local anesthetic consumption can be expected to be lower 
than with popliteal catheter infusions for similar surgical 
indications [54].

�Popliteal Sciatic CPNB

Indications: Foot and ankle surgery

Transducer Selection: High-frequency linear (preferred) or 
low-frequency curvilinear (obese patients)

Preparation and Equipment: As above

Patient Positioning: Prone with the ankle of the affected side 
supported by a pillow or towel

Technique: Apply the ultrasound transducer in axial orienta-
tion perpendicular to the skin at the level of the intertendinous 
junction (Fig. 21.8a) [55]. After identifying the sciatic nerve 
anterior and medial to the fascia of the biceps femoris muscle 
(Fig. 21.8b), the placement needle may be inserted in a ceph-
alad-to-caudad direction out-of-plane [22] or lateral-to-
medial with in-plane guidance [19]. When the needle tip is in 
proximity to the sciatic nerve, injectate solution is adminis-
tered via the placement needle. Following confirmation of 
circumferential injectate spread around the sciatic nerve, the 
flexible [19] or standard [22] epidural-type perineural cathe-
ter is deployed through the placement needle.

Pearls: The use of ultrasound guidance also facilitates the 
performance of popliteal sciatic CPNB in the supine and lat-
eral positions. When searching for the nerve, first identify the 
surface of the femur, which serves as a lateral landmark and 
depth limit; the sciatic nerve will always be medial and pos-
terior to the femur. Follow the biceps femoris muscle and 
investing fascia posteriorly and medially from the femur. 
The sciatic nerve is reliably located medial to the fascia of 
the biceps femoris muscle. For postoperative perineural infu-
sion, avoid high basal rates of dilute local anesthetic, to mini-
mize the likelihood of an insensate extremity [56].

Fig. 21.7  (a) Demonstration of ultrasound transducer position and 
needle insertion site for left subgluteal sciatic perineural catheter inser-
tion. The patient is in Sims position with the right side dependent. (b) 
Sample image from ultrasound-guided subgluteal sciatic perineural 
catheter insertion. F femur, GM gluteus maximus muscle, QF quadratus 
femoris muscle, SN sciatic nerve
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�Transversus Abdominis Plane (TAP) CPNB

Indications: Abdominal wall surgery (e.g., inguinal and ven-
tral hernia repairs or laparotomy)

Transducer Selection: High-frequency, linear or low-
frequency, curvilinear (obese patients)

Preparation and Equipment: As above

Patient Positioning: Supine or lateral decubitus with the 
affected side up

Technique: Apply the ultrasound transducer in axial orienta-
tion perpendicular to the skin at approximately the midaxil-
lary line between the costal margin and the iliac crest 
(Fig. 21.9a). After identifying the three layers of the abdomi-
nal wall (external oblique, internal oblique, and transversus 
abdominis muscles), direct the needle anterior-to-posterior 
[30] or posterior-to-anterior until the needle tip enters the 
plane between the internal oblique and transversus abdomi-
nis muscles (Fig.  21.9b). Approximately 20  mL of local 
anesthetic solution injected via the placement needle will 
produce reliable anesthesia of the ipsilateral T10 to L1 der-
matomes [57, 58]. For postoperative local anesthetic infu-
sion, a flexible, epidural-type catheter can be placed into the 
transversus abdominis plane (TAP) through the placement 
needle, with midline incisions requiring bilateral TAP 

Fig. 21.8  (a) Demonstration of ultrasound transducer position and 
needle insertion site for the left popliteal sciatic perineural catheter 
insertion. The patient is positioned prone with the affected extremity 
slightly flexed at the knee. (b) Sample image from ultrasound-guided 
popliteal sciatic perineural catheter insertion. BF biceps femoris mus-
cle, F femur, SM semimembranosus muscle, SN sciatic nerve

Fig. 21.9  (a) Demonstration of ultrasound transducer position and 
needle insertion site for the right transversus abdominis plane (TAP) 
perineural catheter insertion. The patient is positioned left lateral decu-
bitus. (b) Sample image from ultrasound-guided TAP perineural cath-
eter insertion. EO external oblique muscle, IO internal oblique muscle, 
TA transversus abdominis muscle
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catheters [30]. The subcostal TAP can be visualized by plac-
ing the ultrasound transducer along the medial costal mar-
gin; catheters inserted at this level can provide analgesia in 
the T7 to T9 dermatomal distribution [32].

Pearls: The use of bilateral TAP catheters is not a replace-
ment for epidural analgesia, but for patients in whom epi-
dural analgesia is not indicated, TAP blocks have 
demonstrated efficacy in reducing postoperative pain follow-
ing various abdominal and pelvic procedures [59–62]. 
Insertion of the TAP catheter from the posterior approach 
offers the advantage of further displacement away from the 
surgical field, therefore permitting preoperative placement. 
The optimal infusion regimen for TAP catheters has not yet 
been determined.

�Conclusions

Ultrasound-guided continuous peripheral nerve blocks 
(CPNB) and subsequent perineural local anesthetic infusions 
offer superior pain relief for a variety of surgical indications. 
The application of ultrasound guidance has improved the 
success rate and efficiency of CPNB procedures [19–21], but 
the effect, if any, on the optimal perineural infusion rates and 
drug dosage remains unknown. Further research is required 
to explore various catheter designs (e.g., stimulating versus 
nonstimulating, single-orifice versus multi-orifice), place-
ment needles, ultrasound transducers and machines, infusion 
regimens for specific ultrasound-guided perineural catheter 
locations, and application of emerging technology.
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�Introduction

Trigeminal neuralgia (TN) is a debilitating facial pain 
disorder characterized by severe paroxysmal facial pain that 
is usually unilateral and abrupt in onset and termination [1]. 
The pain is characterized as sharp and electric in quality. 
Patients often experience periods of remission and relapse 
[2, 3]. A trigger zone or area along part of the face may be 
triggered or stimulated by everyday activities such as brush-
ing the teeth, applying cosmetics, or even speaking, eating, 
or feeling a breeze [2, 4]. These patients present with normal 
neurologic examinations.

TN is thought to be caused by neurovascular compression 
in which an aberrant vessel, normally an artery, compresses 
the trigeminal nerve, causing focal demyelination [5]. The 
current treatment model for TN generally starts with antiepi-
leptic drugs such as carbamazepine or oxcarbazepine [2, 5]. 
Patients who continue to have pain or cannot tolerate the 
medication’s side effects often undergo microvascular 
decompression surgery in which the offending blood vessel 
is surgically separated from the trigeminal nerve and a piece 
of Teflon is placed between the vessel and the nerve to pre-
vent contact and further nerve irritation [2, 4–6]. Other thera-
pies for TN include percutaneous stereotactic neurotomy, 
glycerol neurotomy, percutaneous balloon compression, ste-
reotactic radiosurgery, and peripheral trigeminal nerve injec-
tion. In the management of TN, peripheral injections have 
traditionally played a role in treating patients who cannot 
tolerate oral medications and who are not appropriate candi-
dates for surgery. These injections have always been per-

formed using a blind technique, with no literature reviewing 
their accuracy. New research using ultrasound guidance 
shows a 97% accuracy rate in performing ultrasound-guided 
supraorbital, infraorbital, and mental nerve injections [7].

�Scanning Technique

With the patient in the supine position, a pillow can be 
placed under the neck for comfort. A high-frequency linear 
transducer (10–15 MHz) is utilized to perform the examina-
tion. Scanning occurs over the superficial foramen of the 
desired nerve, correlating with the pain distribution pattern. 
The supraorbital foramen is found by placing the probe 
transversely over the roof of the orbital rim. The bone is 
scanned until a hypoechoic break identifying the foramen is 
located (Fig. 22.1). To identify the infraorbital foramen, the 
probe is placed in the sagittal plane just lateral to the nasal 
crease and scanned laterally until a hypoechoic break in the 
bone is identified (Fig. 22.2). To identify the mental fora-
men, the probe is placed transversely over the inferior por-
tion of the mandible at the level of the second premolar and 
scanned in the cephalad direction until a hypoechoic break 
identifying the foramen is found (Fig. 22.3). The nerves and 
associated vessels traverse through the respective foramen. 
The Doppler function can be used to help identify the vas-
culature in close proximity to the foramen if it is difficult to 
find the hypoechoic break.

�Ultrasound-Guided Injection Technique 
for Superficial Trigeminal Nerves

The patient position and setup are the same as for the scan-
ning technique. Once the desired location is identified, mark 
and disinfect the area with appropriate sterile technique. No 
monitors or intravenous access is required. Injections in all 
sites can be performed via an in-plane or out-of-plane tech-
nique (Figs. 22.4, 22.5 and 22.6). Color Doppler at all three 
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Fig. 22.1  Scanning technique for supraorbital nerve injection (a) Transverse (axial) position of the transducer (semitransparent color rectangle), 
(b) Doppler mode identifying vessel

Fig. 22.2  Scanning technique for infraorbital nerve injection (a) Sagittal position of the transducer (semitransparent color rectangle), (b) Doppler 
mode identifying vessel

Fig. 22.3  Scanning technique for mental nerve injection (a) Transverse (axial) position of the transducer (semitransparent color rectangle), (b) 
Doppler mode identifying vessel
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foramina will help to delineate the foramen and adjacent 
nerve and help to plan an injection without vessel injury. A 
25- or 27-gauge, 1-inch needle with the desired injectate is 
utilized. A gel standoff technique may be helpful, given the 
superficial nature of the structures.

�Conclusions

A person affected by TN going through a painful crisis can 
find it nearly impossible to eat, drink, sleep, or work. His or 
her overall quality of life and daily functioning are signifi-
cantly reduced. Though oral medications and surgery do 

provide relief for many patients, neurosurgical intervention is 
not suitable for some. For these patients, peripheral nerve 
injections become an important part of disease management.

Patient satisfaction with peripheral alcohol injections is 
high, with most patients reporting that they would be will-
ing to undergo further injections when the pain returns [8]. 
There is literature supporting successful peripheral alcohol 
injection, but it is unclear why a percentage of patients find 
these injections ineffective [3]. Shah et al. give as probable 
reasons for ineffectiveness anatomical variations in the 
nerve, uncooperative behavior of patients, and faulty tech-
nique [3]. Reported complications of blind injec-
tions include soreness, infection, swelling, dysesthesia, 

Fig. 22.4  Ultrasound-guided supraorbital nerve injection technique (a) Example of in-plane needle position, (b) example of out-of-plane needle 
position

Fig. 22.5  Ultrasound-guided infraorbital nerve injection technique (a) Example of in-plane needle position, (b) example of out-of-plane needle 
position
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and headache [3]. A recent study by Spinner and Kirschner 
shows accuracy rates of 97% for superficial supraorbital, 
infraorbital, and mental nerve injections; the result may be 
increased effectiveness of injections and decreased compli-
cations [7].
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�Introduction

Blocks of the greater occipital nerve (GON) have been per-
formed without target visualization for a long time, based 
on surface landmarks only. An ultrasound (US)-guided 
technique was first introduced by our group in 2010 [1]. 
GON blocks are effective not only in the treatment of occip-
ital neuralgia, which is a relatively rare pathology, but also 
for other types of headache and even facial pain. Studies 
confirm pain relief in migraine [2, 3], cervicogenic head-
ache [4], cluster headache [5, 6], and even post-dural punc-
ture headache [7] but show no improvement in chronic 
tension-type headache [8]. Additionally, they can have a 
positive effect in trigeminal neuralgia but show no benefit in 
persistent idiopathic facial pain [9]. Convergence of cervi-
cal and trigeminal input seems to be the explanation for this 
phenomenon, as experimental stimulation of the GON 
increases metabolic activity both in the trigeminal caudal 
nucleus and in the cervical dorsal horn [10]. Because of 
their wide field of indications, GON blocks are performed 
frequently by pain physicians.

�Anatomy and Topography of the GON 
and Adjacent Structures

The GON is the sensory branch of the posterior ramus of 
the C2 spinal nerve. Together with the lesser occipital 
nerve, the GON innervates the skin of the occipital region 

up to the vertex. After leaving the C2 spinal nerve posterior 
to the lateral atlantoaxial joint, it travels inferiorly and lat-
erally to appear at the inferior border of the obliquus capi-
tis inferior muscle (OCIM). Then, the GON ascends on the 
posterior surface of the OCIM and lies sandwiched 
between the OCIM and the semispinalis capitis muscle 
(SsCM), before piercing the latter. The GON terminates as 
a superficial nerve by either piercing the upper part of the 
trapezius muscle or running through the tendinous arch 
between the trapezius muscle and the sternocleidomastoid 
muscle, where it lies medial to the occipital artery 
(Fig. 23.1). This is the classic site for “blind” blocks, at the 
level of the superior nuchal line where the palpable artery 
serves as a landmark. Finally, the nerve divides into many 
branches, some of which connect to those of the lesser 
occipital nerve.

Interestingly, Loukas et al. [11] found high variability 
of the GON’s distance to the midline (1.5–7.5  cm) at a 
horizontal level between the external occipital protuber-
ance and the mastoid process in 100 cadavers. In con-
trast, the location of the GON as it curves around the 
OCIM is very constant. The OCIM is by far the thickest 
of the short muscles of the neck and spans from the spi-
nous process (the right or left tubercle) of the axis medi-
ally to the transverse process of the atlas laterally 
(Fig. 23.2). The OCIM thus is the important deep muscu-
lar landmark for localizing and blocking the GON at the 
C2/C1 level under US guidance.

It is equally important to pay attention to the course and 
location of the vertebral artery (VA) when performing a 
GON block at the dorsal surface of the OCIM. Before enter-
ing the suboccipital triangle, the VA is located anterior to the 
OCIM and in close proximity to the transverse process of the 
atlas. Here, the VA is also significantly lateral to the 
GON. After ascending through the foramen transversarium 
of C1, the VA reaches the suboccipital triangle (Fig. 23.3), 
where it passes through a groove over the posterior arch of 
the atlas.
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�Traditional Method of GON Block: 
Limitations and Disadvantages

The traditional “blind” technique of GON block just medial 
to the pulsation of the occipital artery at the level of the 
superior nuchal line has several limitations and shortcom-
ings. Because of the noticeable variability and multiple 
branching of the GON at this peripheral location, relatively 
high volumes are needed to get a reliable block effect. The 
inevitable result is intramuscular infiltration and blocks of 
other nearby nerves, such as branches of the lesser and 
third occipital nerve and even the greater auricular nerve. 
This technique is therefore not at all specific and misses 
diagnostic properties. In cases with altered anatomy, 
“blind” injection in this area can cause unwanted and 
alarming complications such as sudden coma [12, 13]. 
Finally, US identification of the GON at the classic site is 
more difficult than at a more central location [1].

�Ultrasound-Guided GON Block: Our 
Technique and Experience

�Scanning Techniques

The patient can be positioned prone, sitting, or in lateral 
decubitus (our preference), with the head in neutral posi-
tion and the cervical spine in anteflexion. We usually place 
a linear high-frequency (10–12  MHz) transducer on the 
skin, positioned along the course of the OCIM: slightly 
oblique, with the medial end pointing toward the spinous 
process of the axis and the lateral end pointing toward the 
transverse process of the atlas, to obtain the best possible 
transverse view of the GON (see Figs. 23.2a and 23.4c). A 
transducer with a larger footprint or a convex transducer 
with low frequency may help by offering an expanded field 
of view in this area. If available, the virtual sector tech-
nique may equally be applied (Fig. 23.4d). That way, the 

Fig. 23.1  Topography of the greater occipital nerve (GON) (yellow 
arrows). (a) The specimen (right side, posterolateral view) shows the 
deep course of the GON prior to bifurcation; the semispinalis capitis 
muscle (SsCM) has been removed. The white pinhead indicates the 
level where the GON becomes superficial in the occipital region; this 
corresponds to the spot where it pierces the trapezius muscle. The white 
arrowheads indicate the right and left tubercles of the spinous process 
of the axis (medially) and the transverse process of the atlas (laterally). 
The obliquus capitis inferior muscle (OCIM) is the important deep 

muscular landmark for localizing the GON at the C2/C1 level because 
the GON is consistently found ascending on its dorsal surface. RCPM—
rectus capitis posterior major muscle. (b) The superficial course of the 
GON and its relation to the lesser occipital nerve (open yellow arrows); 
note the anastomoses between them. The white arrowhead indicates the 
point where the GON pierces the trapezius muscle (TM); the nerve is 
seen medial to the occipital artery (red arrow). SCM sternocleidomas-
toid muscle
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OCIM may be visualized in its entirety from the attachment 
to the axis on the medial end to the atlas on the lateral end. 
Even with the use of a lower frequency, the GON is seen in 
most individuals. This technique is especially helpful for 
“big necks.”

We recommend that beginners perform the following sys-
tematic sonoanatomic survey from cephalad to caudad, start-
ing in the midline: first, the transducer is placed over the 
palpable external occipital protuberance to capture a trans-
verse view of this bony landmark and the surface of the 
occiput. Then the transducer is moved slowly caudad to cap-
ture a transverse view of the posterior arch of the atlas below 
the occiput (Fig. 23.4a). It is then moved further caudad to 
the C2 level, where the axis has a characteristically promi-
nent bifid spinous process with left and right tubercles 
(Figs. 23.4b and 23.1a). After identification of this important 

landmark, the transducer is moved laterally to visualize the 
OCIM. The best images are obtained if the lateral end of the 
transducer is oriented slightly inferior to another palpable 
landmark, the tip of the mastoid process. The muscle is seen 
posterior to the lamina of the axis and deep to the SsCM. As 
a rule, the OCIM is hypoechoic compared with the overlying 
SsCM. Sandwiched between the SsCM and OCIM, the GON 
appears as an oval-shaped, hypoechoic structure (Fig. 23.4c). 
It is advisable to follow the OCIM laterally as far as its 
attachment to the atlas, to locate the vertebral artery (which 
can be confirmed by color Doppler if necessary), anterior to 
the OCIM (Fig.  23.4d). Finally, the transducer is reposi-
tioned more medially to perform the block.

In summary, quite a number of internal sonographic bony, 
muscular, and vascular landmarks help to localize the 
GON. The bony landmarks are the occiput, with the sono-
graphic prominent external occipital protuberance; the arch 
of the atlas, with no spinous process; and the axis, with its 
big, bifid spinous process. The muscular landmarks are the 
OCIM and the SsCM. The vascular landmark is the vertebral 
artery, which is lateral to the GON and anterior to the lateral 
part of the OCIM. A neural landmark, the second dorsal root 
ganglion, is medial to the vertebral artery and anterior to 
OCIM (Figs. 23.5 and 23.4d).

Fig. 23.2  Short muscles of the neck, including the obliquus capitis 
inferior muscle (OCIM). (a) Posterior view of both suboccipital trian-
gles (right one colored). The inferior border of the triangle is the promi-
nent OCIM, which connects the spinous process of the axis with the 
transverse process of the atlas (white arrowheads). The remaining bor-
ders of the triangle are built by the rectus capitis posterior major muscle 
(RCPM) and the obliquus capitis superior muscle (OCSM); the white 
open rectangle indicates an accurate transducer position. (See also 
Fig. 23.6.) (b) Cross section through the neck along both OCIMs (Cf. 
Fig.  23.5); the GON (yellow arrows) lies sandwiched between the 
OCIM and the semispinalis capitis muscle (SsCM). C2 body of axis

Fig. 23.3  Topography of the vertebral artery (VA) at C2/C1 level 
(detail of specimen in Fig. 23.1, more lateral view). Before entering the 
suboccipital triangle, the VA (red arrows) courses anterior (red oval) to 
the obliquus capitis inferior muscle (OCIM) near its attachment at the 
transverse process of the atlas (white arrowhead) (Cf. Fig. 23.5). The 
yellow oval indicates the site of GON block on the posterior surface of 
the OCIM. RCPM rectus capitis posterior major muscle
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�Nerve Block

We prefer to position the patient in lateral decubitus position 
because it is more comfortable for the performer and better 
for the patient’s circulatory stability. The cervical spine must 
be in anteflexion, but there must be absolutely no lateral flex-
ion. After appropriate skin and transducer preparation, a 
5-cm 25-G needle connected to a 5-mL syringe with an 
extension line is inserted, preferably in-plane and in the 
lateral-to-medial direction. More experienced practitioners 
may also advance the needle in an out-of-plane manner. 
Usually, 3–5  mL of local anesthetic are injected slowly 
around the GON after a negative aspiration test. Studies 
regarding the addition of steroids are mixed [14, 15]. 
Ultrasound visualization of nearby vessels (Fig. 23.6) helps 
to avoid inadvertent intravascular injection. In rare cases 
where the GON is not clearly seen, the needle tip can be 
placed in the plane between the OCIM and SsCM. By using 
hydrodissection, the plane is carefully distended and the 
nerve is finally exposed.

Fig. 23.5  Cross section through the neck at C1 level (Cf. Fig. 23.2b) 
and topography of the vertebral artery (VA). Near the transverse pro-
cesses of the atlas (white arrowheads), the VAs (red arrows) are located 
anterior to the OCIMs; also in front of the OCIM but medial to the VAs, 
the second dorsal root ganglia (yellow open arrows) are clearly seen 
(Cf. Fig.  23.4d). At this level, the GON (yellow arrow) has already 
lifted from the dorsal surface of the OCIM as it starts entering the 
SsCM. D dens of axis; RCPM rectus capitis posterior major muscles

Fig. 23.4  Systematic procedure for ultrasound detection of the greater 
occipital nerve (GON). (a) After moving the probe downward from its 
initial position over the external occipital protuberance, the surface of 
the posterior arch of the atlas (white arrowheads) comes into sight. 
Note that the atlas has no spinous process. (b) Shifting the transducer 
further caudally, the two tubercles of the massive spinous process of the 
axis become obvious (white arrowheads). This is the most important 
osseous sonoanatomic landmark to locate the obliquus capitis inferior 
muscle (OCIM). (c) Relative to the overlying semispinalis capitis mus-

cle (SsCM), the OCIM is typically hypoechoic; the oval-shaped GON 
(yellow arrow) is clearly seen “on top of” the OCIM; white arrowheads 
outline the lamina of the axis. (d) The vertebral artery (red arrow) can 
be depicted near the transverse process of the atlas (white arrowhead) 
and anterior to the OCIM, either by moving the probe more laterally or 
using appropriate transducers; in this case, the virtual sector technique 
is used. Note that the GON (yellow arrow) is within a safe distance to 
the vertebral artery. The yellow open arrow indicates the position of the 
second dorsal root ganglion
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�Experience and Outlook

Sonographic studies have provided standard measurements 
for the GON at both the superior nuchal line [16] and at the 
OCIM [17]. The technique described for visualizing the 
OCIM for GON blocks is potentially useful also for 
ultrasound-guided placement of occipital stimulation devices 
[18]. This sonographic technique also may gain importance 
for ultrasound-guided trigger point injection or botulinum 
toxin injection around the GON [19] or into the OCIM.

�Conclusion

Ultrasound-guided GON blocks at the level of the OCIM are 
target-specific and are very useful for the diagnosis of occipi-
tal neuralgia and the treatment of this disorder, as well as 
other types of headache (like migraine or cervicogenic head-
ache) and even some types of facial pain, such as trigeminal 
neuralgia. Following our technique, the GON can reliably be 
identified and block complications can be avoided through 
direct visualization of the needle tip, the target, and the local 
anesthetic spread.
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�Introduction

Stellate ganglion block (SGB) is performed for the 
management of patients for a variety of pain conditions, 
including complex regional pain syndrome and peripheral 
vascular disease [1, 2]. The most widely practiced approach 
to SGB is the paratracheal approach, in which the needle is 
inserted toward the anterior tubercle of the cervical sixth 
vertebra (Chassaignac tubercle) [3]. This approach is 
essentially a blockade of the cervical sympathetic chain in 
proximity to the middle cervical ganglion instead of the 
stellate ganglion, which is located opposite to the neck of 
the first rib (Fig. 24.1) [4]. Thus, the classical approach is 
better termed cervical sympathetic block.

�Anatomy

The sympathetic outflow arises from the preganglionic neu-
rons located at the lateral gray horn of the spinal cord at the 
thoracic and upper two lumbar spinal segments. The sympa-
thetic fibers for the head, neck, upper limbs, and heart arise 
from the first few thoracic segments, ascend through the 
sympathetic chains, and synapse in the superior, middle, and 
inferior cervical ganglion [4, 5]. The stellate ganglion, 
formed by fusion of the inferior cervical and first thoracic 
ganglion, extends from the level of the head of the first rib to 
the inferior border of the transverse process of C7 and lies 
medial or sometimes posterior to the vertebral artery imme-
diately adjacent to the dome of pleura (Fig. 24.1). The post-
ganglionic fibers from the stellate ganglion to the cervical 

nerves (seventh and eighth) and the first thoracic nerve pro-
vide sympathetic innervation to the upper limbs [4–7]. The 
preganglionic fibers of the head and neck region continue to 
travel cephalad to the superior and middle cervical ganglion 
through the cervical sympathetic trunk (CST). Injection of 
local anesthetic around the stellate ganglion interrupts the 
sympathetic outflow to the head, neck, and upper limbs 
through inactivation of both preganglionic and postgangli-
onic fibers, while injection of local anesthetic around the 
CST results only in sympathetic blockade of the head and 
neck regions [5, 6]. The CST is located dorsal to the poste-
rior fascia of the carotid sheath anteriorly and is embedded in 
the prevertebral fascia (personal communication Dr. E 
Civelek) [8–10].

�Existing Techniques

As stated above, the popular approach is anterior paratra-
cheal approach at sixth cervical vertebral level with or with-
out fluoroscopic guidance because of the close relation of the 
stellate ganglion to the pleura and vertebral artery. These 
indirect approaches to CST assume that the medication will 
spread caudally to the stellate ganglion. A few concerns 
about these approaches are examined below.

The breadth (cephalocaudal distance) of the Chassaignac 
tubercle can be as narrow as 6 mm (Fig. 24.1) [3]. Thus, it 
can be easily missed with needle advancement with conven-
tional technique. A consequence of this is potential puncture 
of the vertebral artery or nerve root, which is usually pro-
tected by the anterior tubercle of the C6. However, once the 
needle is in contact with the bone, the vertebral artery can 
still be at risk. The vertebral artery usually ascends and 
enters the foramen in the transverse process of C6 vertebra. 
Unfortunately, a cadaver study demonstrated that this 
arrangement applied in 90–93% of the cadavers examined 
and the vertebral artery may enter at the transverse process 
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of C4 or C5 [11, 12]. Although contrast injection in 
fluoroscopy-guided technique helps to avoid inadvertent 
injection of local anesthetic into this artery, the intravascular 
injection can be recognized only after the artery has been 
punctured. A modified fluoroscopy-guided oblique approach 
may minimize the risk of vertebral artery puncture as the 
needle is directed to the junction of the uncinate process and 
the vertebra body [13]. However, this technique directs the 
needle much closer to the esophagus (see below).

Both landmark-based technique and fluoroscopy-guided 
technique do not reveal the soft tissues transverse by the 
needle path [14]. In most of the anatomy atlas, the esopha-
gus is often seen as a structure located behind the cricoid 
and trachea. However, the literature contradicts those 
assumptions. Esophagus is found deviated from the midline 
in 53% of the subjects [15]. In 5% of the subjects, approxi-

mately 40–60% of the esophagus is unopposed by the cri-
coid and lies ventral to the medial part of the transverse 
process, which is part of the needle path (Fig. 24.2) [15]. 
Mediastinitis can result especially if the patient has an 
unrecognized diverticulum [16]. Moreover, this probably is 
the cause of the “foreign body” sensation that is often 
attributed in the past to the blockade of external laryngeal 
branch of superior laryngeal nerve or recurrent laryngeal 
nerve [17].

Certain artery, especially inferior thyroidal artery, can be 
seen passing in the needle path (Fig.  24.3) [18]. Another 
artery that can be found anterior to transverse process of C6 
or C7 is the ascending cervical artery, which has been 
described to form an anastomosis with either vertebral artery 
or anterior spinal artery [19]. The major consequence of not 
recognizing this variation will be the formation of hematoma 
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Fig. 24.1  Prevertebral region of the neck. The target site for needle insertion in classical approach is marked as asterisk. The breadth of the trans-
verse process is marked as A. (Reproduced with permission from USRA (www.usra.ca))
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Fig. 24.2  Ultrasonographic image of the neck at C6 showing the devi-
ation of esophagus (outlined by line arrows). Cr cricoid, LC longus 
colli muscle, E esophagus, CA carotid artery. (Reproduced with permis-
sion from USRA (www.usra.ca)) Fig. 24.3  Ultrasonographic image with color Doppler. The inferior 

thyroidal artery was indicated with asterisk; the prevertebral fascia is 
marked by solid arrowheads. TP transverse process of C6, Th thyroid, 
LC longus colli muscle, IJ internal jugular vein. (Reproduced with per-
mission from USRA (www.usra.ca))

[20, 21]. As a matter of fact, hematoma was fairly commonly 
encountered (25%) in the first case series comparing 
ultrasound-guided with “blind” injection technique [22]. The 
consequence of larger hematoma can be life threatening, as 
demonstrated by a review of those patients with retropharyn-
geal hematoma following SGB [23].

The key to the success of the blockade of CST is to 
deposit the local anesthetic around the CST with caudal 
spread of the local anesthetic to the stellate ganglion. The 
location of CST is in the prevertebral fascia which is a 
loose connective tissue. Without reference to this key anat-
omy landmark, both the landmark-based and fluoroscopy-
guided techniques rely on the surrogate landmark, C6 or C7 
transverse process, as the target. The technique involves 
directing the needle to the bone and withdrawing the nee-
dle. The spread of solution following “bone contact and 
needle withdrawal” has been studied and the injectate 
spread anterior to the prevertebral fascia and in the paratra-
cheal space in most of the patients, without much caudal 
spread [24]. It has been suggested that subfascial injection 
results in more caudal spread, higher rate of sympathetic 
block of upper limb, and lower risk of hoarseness [25, 26]. 
Too deep an injection into the longus colli muscle also ren-
ders the sympathetic block ineffective [27]. Given the ana-
tomical position of the CST, the ideal location is into 
prevertebral fascia.

�Technique for Ultrasound-Guided Injection

The patient is placed in the supine position with the 
neck in slight extension. A high-frequency linear trans-
ducer (6–13 MHz) is placed at the level of C6 to allow 
cross-sectional visualization of anatomic structures, 
including the transverse process and anterior tubercle 
of C6, longus colli muscle and prevertebral fascia, and 
carotid artery and thyroid gland (Figs.  24.4 and 24.5) 
[14, 17]. A prescan is important in planning the path of 
needle insertion as the presence of the esophagus and 
the inferior thyroidal artery may obviate the needle 
insertion path between the carotid artery and trachea 
[28]. In that situation, the needle may be inserted lat-
eral to the carotid artery, which is the author’s preferred 
route.

For the lateral approach, the tip of the needle is directed 
to the prevertebral fascia between the carotid artery and 
the tip of C6 anterior tubercle (Fig.  24.6). This needle 
path will avoid hitting the cervical nerve root. The inter-
nal jugular vein can be visualized by decreasing the probe 
pressure and avoided by “pushing” away with the needle. 
A total of 5 ml of local anesthetic is injected. Visualization 
of the spread of injectate under real-time scanning is 
important, as the absence of this may suggest unsuspected 
intravascular injection.
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Fig. 24.5  Ultrasonographic image of the neck at C6. SCM sternoclei-
domastoid muscle, CA carotid artery, TP transverse process of C6, AT 
anterior tubercle, LC longus colli muscle, IJ internal jugular vein, Cr 
cricoids, Med medial. (Reproduced with permission from USRA (www.
usra.ca))

Fig. 24.6  Ultrasonographic image of the neck at C6 as in Fig. 24.5 
following injection of local anesthetic. The needle was indicated by 
solid arrows and the local anesthetic was outlined by the line arrows. 
Ca carotid artery, IJ internal jugular vein, LC longus colli muscle, TP 
transverse process, AT anterior tubercle. (Reproduced with permission 
from USRA (www.usra.ca))
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Fig. 24.4  Cross section of the neck at the sixth cervical vertebral level correlating with the ultrasonographic image. (Reproduced with permission 
from USRA (www.usra.ca))
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�Introduction

Application of ultrasound in pain medicine (USPM) is a 
rapidly growing medical field in interventional pain manage-
ment [1]. In general, the application of USPM can be divided 
into three areas: peripheral, axial, and musculoskeletal struc-
tures. In this chapter, we will review the relevant anatomy, 
sono-anatomy, and the injection techniques for three periph-
eral structures: lateral femoral cutaneous nerve (LFCN), 
intercostal nerve (ICN), and suprascapular nerve (SSN).

�Lateral Femoral Cutaneous Nerve Block

The LFCN provides sensory innervation to the skin of the 
anterior and lateral parts of the thigh as far as the knee 
(Fig.  25.1). Regional block of the LFCN is performed for 
acute pain relief following surgical procedures and for the 
diagnosis and treatment of meralgia paresthetica [2, 3]. 
Meralgia paresthetica refers to a symptom complex of pain, 
numbness, tingling, and paresthesia in the anterolateral thigh 
that is secondary to nerve entrapment or compression, 
trauma, or stretch. The incidence in a primary care setting is 
estimated at 4.3 per 10,000 person years [4].

�Anatomy

The LFCN is a purely sensory nerve that arises from branches 
of dorsal divisions of the second and third lumbar nerves. It 
emerges from the lateral border of the psoas major and 
crosses the iliacus muscle obliquely, toward the anterior 
superior iliac spine (ASIS) [5]. The nerve then passes under 

the inguinal ligament at a distance 36 ± 20 mm medial to the 
ASIS, and after entering the thigh, the LFCN turns laterally 
and downward, where it typically divides into the anterior 
and posterior branches (Fig. 25.1) [6]. The course and loca-
tion of the LFCN as it crosses the inguinal ligament have 
been found to be quite variable. While the nerve courses 
medial to the ASIS most of the time, it can pass over or even 
posterior to the ASIS in up to 25% of patients [5–7]. Though 
in the vast majority of cases, the LFCN enters the thigh 
superficial to the sartorius muscle beneath the fascia lata, in 
22% of cases, the LFCN passes through the muscle itself [8]. 
The LFCN has been shown to cross under the inguinal liga-
ment as far as 4.6–7.3 cm medial to the ASIS [6, 9, 10]. The 
LFCN divides into an anterior and a posterior branch in the 
thigh. The anterior branch becomes superficial at a variable 
distance below the inguinal ligament and divides into 
branches that are distributed to the skin of the anterior and 
lateral parts of the thigh, as far as the knee. The posterior 
branch pierces the fascia lata and subdivides into filaments 
that pass backward across the lateral and posterior surfaces 
of the thigh, supplying the skin from the level of the greater 
trochanter to the middle of the thigh [11].

�Literature Review of Injection Techniques

The traditional approach to blocking the LFCN is a blind, 
landmark-assisted technique. The success of this method is 
variable, quoted success rates being as low as 38% [12]. The 
low success rate of the block can be attributed to the wide 
anatomic variability in the course of the LFCN, as well as to 
the lack of any predictable relationship of the LFCN to pal-
pable vascular structures or bony landmarks [3].

There are a few published reports of the use of ultrasound 
to identify and block the LFCN [3, 13–16]. One of these was 
a study that demonstrated greater accuracy in identifying the 
LFCN with ultrasound in both cadavers and volunteers [13]. 
In the cadavers, 16 out of 19 needles (84.2%) inserted with 
ultrasound guidance were in contact with the LFCNs 
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compared with 1 out of 19 (5.3%) when needles were 
inserted according to landmarks. In the same study, 16 out of 
20 (80%) marked positions identified using ultrasound imag-
ing corresponded to the LFCN position in human volunteers 
identified by percutaneous nerve stimulator compared to 0 
out of 20 positions marked by anatomic landmarks.

In a case series of 10 patients with a mean BMI of 31, the 
author reported that the LFCN could be visualized by ultra-
sound in all patients and that sensory block was successful in 
all cases [3]. The technique was not complicated by coinci-
dental blockade of any nearby nerves, nor did any patients 
complain of paresthesia from the needle coming into direct 
contact with the LFCN.  In a prospective case series of 20 
patients, US-guided injections of perineural steroids were 
performed around the LFCN at three different levels (at the 
level of the anterior superior iliac spine, just distal to the 
inguinal ligament, and lower thigh). The level of injection 
was that closest to “swelling” (increased cross-sectional 
area) of the nerve as perceived on sonographic examination. 
All patients displayed complete or partial resolution of 
symptoms of meralgia paresthetica at 12  months after the 
injections [14].

�Ultrasound-Guided Block Technique

Locating this nerve with ultrasound can be a challenge as the 
LFCN is a small nerve and its course is highly variable. 

However, a few important principals may assist the beginners 
to locate the nerve:

	1.	 A sound knowledge of anatomy of the course and direc-
tion of the LFCN as well as the structures around LFCN 
[16].

	2.	 The nerve is better appreciated with dynamic scanning or 
sweeping view because of the size of the nerve and its 
proximity with fascia layer [3, 16].

	3.	 The LFCN may appear as hyperechoic, hypoechoic, or 
mixed structure, depending on the course of the nerve itself 
(under or through the inguinal ligament or over the iliac 
crest), the special tissue architecture in the corresponding 
area, and the frequency of the transducer used (the higher 
frequency probe is likely to produce artifacts) [3, 13, 16].

	4.	 In patients with severe or advanced symptoms of meral-
gia paresthetica, the LFCN is likely to be swollen or 
enlarged (pseudoneuroma) and likely to be picked up 
(ultrasonography) [8].

	5.	 The LFCN can be usually found in the infra-inguinal 
region, either superficial to the sartorius muscle or 
between sartorius and tensor of fascia lata muscles.

With the patient in the supine position, the ASIS and the 
inguinal ligament are marked on the skin. Using a high-
frequency linear array transducer (6–13  MHz), the ultra-
sound probe is placed over the ASIS initially, with the 
long-axis view of the inguinal ligament, and is then moved 
distally. The ASIS is visualized a hyperechoic structure with 
posterior acoustic shadowing (Fig. 25.2). The sartorius mus-
cle will be seen as an inverted triangular-shaped structure. 
Attention is paid to the orientation of the probe to the course 
of the nerve. The LFCN will appear as one or more 
hypoechoic structures in the short-axis view superficial to 
the sartorius muscle. In some situation, it will be in a more 
medial position sandwiched between the fascia lata and fas-
cia iliaca (Fig. 25.2). When the nerve cannot be found in this 
area, one can look for the LFCN in the angle between the 
tensor of the fascia lata and the sartorius muscle. Once the 
LFCN has been identified, a 22-G 2.5-in. needle is advanced 
in plane with the ultrasound probe. Alternatively, the needle 
can be advanced out of plane using a nerve-stimulating nee-
dle to confirm placement.

If it is difficult to identify the LFCN, two other methods 
can be employed. One is to inject dextrose 5% solution to 
hydro-dissect the plane between the fascia lata and the fascia 
over the sartorius and iliacus muscles [15]. The other is to 
locate the nerve with a transdermal nerve stimulator or to use 
a stimulating needle [13]. Once the nerve is identified, injec-
tion is commenced. The injectate should be visualized by 
ultrasound as it spreads around the nerve circumferentially 
and in a cephalad manner, and a total volume of 5–10 ml is 
usually adequate to ensure complete blockade.

Lateral
femoral
cutaneous
nerve

Iliacus

Tensor
fascia
lata

Sartorius

Fig. 25.1  The pathway of a typical course of lateral femoral cutaneous 
nerve is shown. Note that the nerve courses beneath the inguinal liga-
ment and runs superficially to the sartorius muscle and then in between 
this muscle and tensor fascia lata muscle. (Reproduced with permission 
from Philip Peng Educational Series)
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�Suprascapular Nerve Block

First described in 1941 [17], SSN block has been performed 
over the years by anesthesiologists, rheumatologists, and 
pain specialists for the management of acute and chronic 
shoulder pain [1, 18, 19]. Indications for performing this 
block in interventional pain practice include adhesive capsu-
litis, frozen shoulder, rotator cuff tear, and glenohumeral 
arthritis secondary to degeneration or inflammation [20]. 
There has been renewed interest in the technique of perform-
ing SSN block under ultrasound guidance, and descriptions 
of this method have appeared in recent published medical 
literature [21–23].

�Anatomy

The SSN, a mixed sensory and motor nerve, originates from 
the superior trunk of the brachial plexus (formed by the union 
of the fifth and sixth cervical nerves), runs parallel to the 
omohyoid muscle, and courses under the trapezius (Fig. 25.3) 
before it passes under the transverse scapular ligament in the 
suprascapular notch. It then passes beneath the supraspinatus 
and curves around the lateral border of the spine of the scap-
ula (spinoglenoid notch) to the infraspinatus fossa (Fig. 25.4). 
In the supraspinatous fossa, it gives off two branches to the 
supraspinatus muscle and an articular branch to the shoulder 
joint; and in the infraspinatus fossa, it gives off two branches 
to the infraspinatus muscle, besides some branches to the 
shoulder joint and scapula. The sensory component of the 
SSN provides fibers to about 70% of the shoulder joint.

The “U-” or “V-“shaped suprascapular notch is located 
on the superior margin of the scapula, medial to the cora-
coid process (Fig. 25.5). However, the notch is absent in 

up to 8% of cadavers [24]. Above the notch run the supra-
scapular artery and vein, although rarely the artery travels 
along with the SSN through the notch [25]. The supraspi-

Fig. 25.2  Ultrasonographic image of lateral femoral cutaneous nerve 
(LFCN) (a) before and (b) after injection. FL fascia lata, FI fascia ili-
aca, SAR sartorius muscle, ASIS anterior superior iliac spine. Solid 

arrow head indicates the path of the needle; LFCN is indicated by 
asterisk. (Reproduced with permission from Lippincott Williams & 
Wilkins)

Suprascapular A

Suprascapular N

Br. SS

Br. SA

Br. IS

Br. IA

Fig. 25.3  Suprascapular nerve and its branches. Superior articular 
branch (Br. SA) supplies the coracohumeral ligament, subacromial bursa, 
and posterior aspect of the acromioclavicular joint capsule; inferior artic-
ular branch (Br. IA) supplies the posterior joint capsule; Br. SS branch to 
the supraspinatus muscle, Br. IS branch to the infraspinatus muscle
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nous fossa is bordered by the spine of the scapula dor-
sally, by the plate of the scapula ventrally, and by the 
supraspinous fascia superiorly, forming a classic compart-
ment, the only exit through which is the suprascapular 
fossa [26, 27].

�Literature Review of Injection Techniques

The targets for most of the techniques are either at the supra-
scapular notch or on the floor of the scapular spine. Without 
image guidance, techniques relying on identification of the 
suprascapular notch have the potential for SSN block failure 
and/or adverse effects. The risk of pneumothorax is approxi-
mately 1%, and this complication usually arises from the 
needle being inserted too deep [28, 29]. If the needle is 
placed blindly into the notch, the needle tip is unlikely to 
approximate the notch as demonstrated by a study using CT 
to confirm the position of the needle [30]. With the use of 
fluoroscopy, the position of the needle in the notch can be 
assured. However, there is a potential of spilling of local 
anesthetic to the brachial plexus [26]. A superior approach 
has been described in which the needle is inserted vertically 

into the suprascapular fossa. Large volumes of solution 
(10  ml or more) will accomplish this, but according to a 
recent study in cadavers, there will be spread to the axillary 
fossa in a minority of these cases [27].

Thus, the ideal site to perform the SSN injection is at the 
floor of the scapular spine between the suprascapular notch 
and spinoglenoid notch (Figs. 25.5 and 25.6). First, this tech-
nique is independent of the notch as a target. Thus, it avoids 
the risk of pneumothorax if one considers the direction of the 
needle. This technique is also feasible in individuals without 
a suprascapular notch (8% of the population). Second, the 
suprascapular fossa forms a compartment and retains the 
local anesthetic around the nerve. One of the easiest ways to 
visualize this soft tissue plane is by the use of ultrasound [31].

To date there is one case series evaluating the ultrasono-
graphic morphology of the suprascapular notch [23]. This 
series reported results of measurement of the notch width, 
depth, and distance between the skin and notch based on 50 
volunteers. The authors were able to visualize the transverse 
scapular ligament in 96% and the artery-vein complex in 86% 
of the volunteers. Although visualization of the transverse 
scapular ligament is feasible, the probe has to be steady in a 
very narrow angle, making the needle advancement a very 
challenging technique (Figs. 25.7 and 25.8). It is also impor-
tant to recognize the sonographic appearance of the floor of 
the scapular spine in between the scapular notch and spinogle-
noid notch (Fig. 25.6).

Trapezius

Supraspinatus

Scapular spine

Fig. 25.4  Left shoulder showing the muscle layers in the suprascapu-
lar fossa

Acromion

Clavicle

SSNo

SGNo

Anterior

Fig. 25.5  Superior view of the left shoulder. The course of the supra-
scapular nerve enters the suprascapular fossa through the suprascapular 
notch (SSNo) and then enters the infrascapular fossa through the spino-
glenoid notch (SGNo)
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�Ultrasound-Guided Block Technique

The patient can be in sitting (or in prone) position. The scap-
ula spine, coracoid process, and acromion are used as 
landmarks. Ultrasound scanning is performed with a linear 
ultrasound probe (7–13 MHz) placed in a coronal plane over 
the suprascapular fossa with a slight anterior tilt. The probe 
is placed in an orientation such that it is in the short axis to 
the line joining coracoid process and acromion (reflecting 
the position of the spinoglenoid notch) [1]. This line corre-
sponds to the course of the suprascapular nerve between the 
scapular notch and the spinoglenoid notch. The supraspinatus 

and trapezius muscles and the bony fossa underneath them 
should come into view (Fig. 25.6). By adjusting the angle of 
the ultrasound probe in a cephalocaudal direction, the SSN 
and artery should be brought into view in the trough of the 
floor. The nerve can sometimes be difficult to visualize as it 
has an approximate diameter of 25  mm. A 22-G, 80-mm 
needle is inserted either in-plane from the medial aspect of 
the probe as the presence of the acromion process on the 
lateral side makes it difficult to angulate the needle. Because 
of the proximity of the nerve, an injectate volume of 5–8 ml 
is usually sufficient.

�Intercostal Nerve Block

The ICNs supply the skin and musculature of the chest and 
abdominal wall. ICN block is performed for the treatment of 
acute and chronic pain conditions affecting the thorax and 
upper abdomen [32, 33]. ICN blockade provides excellent 
analgesia for pain from rib fractures [34] and from chest and 
upper abdominal surgery [35]. Neurolytic ICNB may be 
used to manage chronic pain conditions such as postmastec-
tomy and postthoracotomy pain [36] and pain from rib 
metastasis [37].

�Anatomy

The ICNs originate from the first 12 thoracic nerves. Emerging 
from their respective intervertebral foramen, the thoracic 
nerves divide into posterior cutaneous rami that supply the 
skin and muscle in the paravertebral region and ventral rami 
that become the ICNs (Fig. 25.9). ICNs are mixed sensory-

Fig. 25.6  Ultrasonographic image of the suprascapular nerve on the 
floor of the scapular spine between suprascapular notch and spinogle-
noid notch. Both suprascapular nerve and artery run underneath the 
fascia of supraspinatus muscle. (Reproduced with permission from 
Philip Peng Educational Series)

Fig. 25.7  Ultrasonographic image of suprascapular nerve in the supra-
scapular notch (indicated by line arrows). Note that at this level, the 
suprascapular artery is above the transverse scapular ligament (solid 
arrow heads). A artery, N nerve. (Reproduced with permission from 
Philip Peng Educational Series)

Fig. 25.8  Ultrasonographic image of the suprascapular nerve slightly 
posterior to the plane obtained in Fig. 25.7. The suprascapular artery 
can be seen running toward the floor of the scapular spine. (Reproduced 
with permission from Philip Peng Educational Series)
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motor nerves. After exiting from the spine, it is located 
between the pleura and the posterior intercostal membrane 
and subsequently traverses the membrane to lie deep to or in 
the internal intercostal muscle (Fig.  25.10). The intercostal 
vein and artery run in close proximity in this groove, just supe-
rior to the nerve (Fig. 25.11) [38]. The neurovascular bundle 
lies in the intercostal space but runs deep to the subcostal 
grove at the angle of the rib. At a distance of about 5–8 cm 
anterior to the angle of the rib, the groove ends and blends into 
the surface of the lower edge of the rib [39]. The lateral cuta-
neous branch of the ICN, which supplies the skin of the chest, 
branches off and pierces the external intercostal muscle in the 
region between the posterior and midaxillary line. As the ICNs 
approaches the midline anteriorly, it pierces the overlying 
muscles and skin to terminate as the anterior cutaneous branch.

However, there are some exceptions – the first ICN has no 
anterior cutaneous branch and usually has no lateral cutaneous 
branch, and most of its fibers leave the intercostal space by 
crossing the neck of the first rib to join those from C8, while a 
smaller bundle continues on as a genuine ICN to supply the 
muscles of the intercostal space. Some fibers of the second and 
third ICNs give rise to the intercostobrachial nerve, which 
innervates the axilla and the skin of the medial aspect of the 
upper arm as far distal as the elbow. The ventral rami of the 
12th ICN are similar to the other ICNs but are called a subcos-
tal nerve because it is not in between the two ribs.

�Literature Review of Injection Techniques

The classic landmark-based technique is performed with the 
patient in the sitting or prone position. ICN block is usually 

performed at the angle of the rib to ensure that the tissues 
innervated by the lateral cutaneous nerve are blocked. The 
needle is angled slight cephalad and walked off the inferior 
margin of the rib into the subcostal grove, where the needle 
is advanced 2–3 mm further. The small distance (as little as 
0.5 cm) between the rib’s inferior margin and the pleura can-
not be overemphasized [37]. The injection is performed after 
negative aspiration for air and blood, but this maneuver can-
not reliably prevent pneumothorax and/or hemothorax. The 
incidence of pneumothorax ranges anywhere from 0.09% to 
8.7% [33, 40, 41].

The fluoroscopic technique is performed with the patient 
in prone position. The appropriate rib is identified under flu-
oroscopic AP view, and the needle is introduced in the infe-
rior margin of the rib. Following negative aspiration, a 
contrast injection is performed to ensure appropriate spread 
prior to injection [42]. This technique does not theoretically 
minimize the risk of pneumothorax because the pleura can-
not be visualized with fluoroscopy.

The feasibility of US-guided ICN injection has been con-
firmed in a small cadaver study [43]. A small case series also 
confirmed the feasibility and technical advantages of 
US-guided cryoablation of the ICNs in four patients with 
postthoracotomy pain syndrome [36].

�Ultrasound-Guided Block Technique

With the patient in prone position, a 6–13  MHz linear 
transducer is placed in the short axis to the ribs so that 
two consecutive ribs are simultaneously observed. The 
best site for injection is the angle of the rib (6–7.5  cm 
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Anterior cutaneous branch
of the intercostal nerve

Intercostal nerve

Fig. 25.9  Branches of the 
typical intercostal nerves. 
(Reproduced with permission 
from Philip Peng Educational 
Series)
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from the vertebral spinous process) where the costal 
groove is at its broadest and deepest and the lateral branch 
of the ICN has not yet branched [1]. The ribs are easily 
identified with their typical dorsal shadowing. The key 
structures in the scan are internal and external intercostal 
muscles, and the pleura appears as a prominent hyper-
echoic line with gliding action during respiration 
(Fig. 25.12). The intercostal space of interest is located 
by scanning upward from the 12th rib. The needle target 
is the internal intercostal muscle as the innermost inter-
nal intercostal is an ill-defined layer of the muscle under 
ultrasonography. A 22-G needle can be inserted either in-
plane or out-of-plane to the plane just deep to the internal 
intercostal muscle or “into” the intercostal muscle. 
In-plane technique is the authors’ preferred technique 
since it will allow visualization of the needle tip, which 
needs to be placed 2–3 mm proximal to the pleura [44]. 
The needle entry site is the upper margin of the rib one 

level caudal to the targeted ICN. Because of the precision 
required, and the adverse consequences of advancing the 
needle too deep (i.e., pneumothorax), it is prudent to 
inject a small amount of solution upon reaching the exter-
nal intercostal muscle to confirm needle tip position [1]. 
The needle is then advanced a few millimeters further 
into the internal intercostal muscle, and the spread of 
local anesthetic is visualized in real time as it is injected. 
If the injectate is seen pushing the external intercostal 
muscle upward, the needle position is still superficial. 
Usually, 2 ml of local anesthetic is sufficient to fill the 
intercostal space, which allows blockade of several ICNs 
with minimal risk of toxic effects.

Once the ICN block is complete, the probe is used to 
check for the absence of pneumothorax. The ultrasound 
probe should be placed in the nondependent area. Normally, 
the pleura appears to glide with respiratory movement. 
Artifacts presenting as horizontal lines parallel to the pleu-

Fig. 25.12  Ultrasonographic image showing the intercostal muscles 
and pleura at the angle of rib. (a) External intercostal muscle, (b) inter-
nal intercostal muscle, * reverberation artifact. (b) A similar image 
taken 2 cm medial to the angle of rib. The intercostal artery is seen in 
the intercostal space. The pleura, appears as a hyperechoic line, is indi-

cated by the solid arrow heads. (c) Ultrasonographic image following 
injection. The small arrows outline the collection of local anesthetic. 
(d) Intercostal space following injection. The needle is indicated by the 
line arrows and the local anesthetic by the arrow heads. (Reproduced 
with permission from Philip Peng Educational Series)
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ral interface and vertical “comet tails” are also seen. Comet-
tail artifacts (CTAs) indicate the presence of an intact lung 
surface. When a pneumothorax is present, the pleura no lon-
ger glides with respiration (loss of “gliding sign”), and there 
is a loss of CTAs. Using these signs, the sensitivity and 
specificity of ultrasound for detecting pneumothorax 
approach 100% [45].

�Conclusion

Application of ultrasound in the field of interventional pain 
management allows the visualization of soft tissues and ves-
sels, which in turn improves the accuracy of the needle place-
ment. Ultrasound in pain management faces many of the 
same challenges it faced, and continues to face, in the periop-
erative setting, namely, visualization of thin needles, poor 
image quality in obese patients, and the need to invest time 
and money in training so that the procedures are effective and 
safe. However, the benefits to be derived are likely to make 
ultrasound a very attractive option, and with further research 
and training, ultrasound may well become a standard of care.
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�Introduction

Shoulder pain is commonly encountered in pain management 
practices. Although the rotator cuff and the subacromial 
structures are thought to contribute to the majority of shoul-
der pain presentations, there are a number of other structures 
that generate pain. Fortunately, all these structures are easily 
accessible with office-based procedures, and injections are 
useful to confirm the diagnosis and provide analgesia.

Ultrasound (US) is particularly suited for addressing 
shoulder problems. The majority of pain-generating shoul-
der structures can be visualized with basic US equipment. In 
particular, the superficial tendons such as long head biceps, 
supraspinatus, and infraspinatus show excellent echogenicity 
and structural resolution [1]. Ultrasound permits visualiza-
tion of soft tissue adjacent to orthopedic hardware, such as 
total shoulder arthroplasty components [1, 2]. It also gives 
the clinician the ability to do dynamic assessment of the joint 
under real-time sonographic imaging [3]. Occult clefts or 
tendon subluxation may become evident with sonographic 
assessment during joint motion [2].

Injections of the shoulder must be directed by clinical his-
tory, examination, and other imaging modalities. Although 
US is excellent for imaging the soft tissues, it provides little 
information about interosseous structures and those shielded 
by bone. Therefore, plain film imaging is essential for any 
suspicion of intra-articular pathology (i.e., degenerative joint 
disease) or osseous pathology such as fractures or bony 
metastasis. Likewise, sonographic assessment of ligamen-

tous or cartilaginous structures such as the glenoid labrum is 
very challenging, particularly in large-shouldered patients. 
Therefore, MRI scanning should be utilized in any case with 
suspected sinister pathology. In cases with a suspicion for 
labral tear (posttraumatic or dislocation/subluxation), MRI 
with intra-articular gadolinium is recommended [4, 5].

Patient safety concerns are minimal for US-guided shoul-
der injections. Direct complications of shoulder joint injec-
tions are extremely rare, although caution should be taken to 
avoid neurovascular structures, particularly with injections 
in the anterior shoulder region. The pleura may be at risk for 
deep injections in the superior shoulder. Finally, injection 
directly into tendon tissue should be avoided, due to sus-
pected risk of rupture [6–10]. Fortunately, ultrasound allows 
continuous visualization of the needle tip, which minimizes 
risk of inadvertent tendon injection, and assists the clinician 
in avoiding neurovascular structures [1, 2, 11, 12]. With any 
injection into a joint or bursa, particular care should be taken 
to avoid infection. In our current practice, we use a sterile 
transducer cover on every patient, with iodine gel as the con-
duction medium between the transducer cover and the skin. 
We also use sterile gel inside the cover because of two occa-
sions (during resident training), where the needle was acci-
dentally placed through the transducer cover and then into 
the skin. Most manufacturers will caution against the use of 
alcohol or iodine/betadine containing products against the 
transducer due to risk of damage or discoloration. In cases of 
iodine allergy, we use sterile gel as the conduction medium 
after skin preparation with chlorhexidine. We also use sterile 
technique with an operative drape on every patient. Although 
it is possible to direct a sterile needle under an uncovered 
probe, we do not recommend this technique, as inadvertent 
patient movement can easily contaminate the needle and 
field. In addition, keeping a sterile field allows the clinician 
to freely adjust transducer position, perform multiple needle 
passes, and to change the approach if unexpected findings 
are encountered.

This chapter describes the most common shoulder joint 
injections with sonographic guidance. As in other regions, 
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appropriate sonographic assessment is essential for the 
guidance of the needle. Major sonographic landmarks and 
associated pathology will be demonstrated. Transducer 
placement and needle approaches will be described accord-
ing to the preferences of the authors, keeping in mind that 
there are multiple effective approaches for most joints. 
Finally, and most importantly, the patient’s symptoms and a 
physical examination must be followed to direct these inter-
ventions. Although a complete review of shoulder assess-
ment is outside the scope of this chapter, we have included a 
brief description of clinical presentation and physical exami-
nation findings for each of the syndromes described.

�Subacromial/Subdeltoid Bursa

The subacromial bursa is the most commonly injected struc-
ture in the shoulder. Indications include rotator cuff pathol-
ogy, impingement syndrome, and subacromial bursitis. 
Subacromial injection of lidocaine is often used to diagnose 
impingement and offers rationale for subacromial decom-
pression surgery.

�Anatomy

The subacromial and subdeltoid bursa typically communi-
cate and effectively function as one bursa [13]. The distal 
aspect of bursa sits on the upper surface of the supraspina-
tus muscle, immediately under the deep surface of the del-
toid. The bursa functions to protect the supraspinatus as it 
passes beneath the overlying structures, most notably the 
acromion process.

�Clinical Presentation

Shoulder abduction and internal rotation can potentially 
impinge the bursa between the humeral head (greater tuber-
cle) and the arch of the acromion and coracoacromial liga-
ment. This action is reproduced clinically with the Neer and 
Hawkins–Kennedy impingement tests [14]. In a positive test, 
pain is reproduced when the humerus is passively elevated 
(Neer: full flexion in scapular plane with arm internally 
rotated. Hawkins: flexion to 90 in. in forward plane with arm 
neutral and elbow bent 90  in. followed by passive internal 
rotation of the humerus). Impingement can be present with 
either subacromial bursitis or rotator cuff tendinopathy. 
However, rotator cuff tendinopathy will typically be more 
painful with active abduction even within a short arc, while 
bursitis will be more painful in “impingement” positions and 
may not be provoked with active abduction below 90°.

�Limitations of the Blind Approach

Despite being the largest bursa in the body [13], the accu-
racy of blind injections has been reported to be as low as 
29% [15], suggesting a high occurrence of false-negative 
injections. Erroneous placement of the needle in the deltoid 
muscle, glenohumeral joint, or directly into the cuff tendons 
has been described [16]. Other studies report accuracy as 
high as 70% [17, 18] and 83% [16]. Studies have compared 
the various approaches to the subacromial bursa [18, 19], 
and currently, there is no universal consensus on which 
approach is superior.

�Ultrasound-Guided Technique

Ultrasound imaging of the subacromial bursa typically starts 
with the transducer oriented in the coronal/scapular plane 
and positioned just over the tip of the acromion (Fig. 26.1a). 
The supraspinatus tendon should be visualized emerging 
from beneath the acromion and running over the humerus to 
attach to the greater tuberosity (Fig. 26.1b). The tendon is 
hyperechoic when appropriately aligned with the transducer. 
If the transducer is rocked in a heel-toe motion, the tendon 
fibrils become less visible (the phenomenon known as 
“anisotropy”), which may falsely give the appearance of ten-
don disruption [20]. The bursa is seen as a thin anechoic fluid 
layer immediately above the tendon (as shown in Fig. 26.1b), 
or it may be very thin with intermediate echogenicity. In 
active bursitis, it may appear thickened relative to the contra-
lateral side. Dynamic assessment may be helpful to visualize 
the tendon sliding smoothly under the acromion. With gentle 
active or passive abduction, a “catch” or snap may be appre-
ciated in the presence of mechanical impingement. Dynamic 
assessment may also reveal clefts in the tendon, which indi-
cate partial or full thickness tears. In the event of a large full 
thickness tear, the tendon may be absent, atrophic, or 
retracted. In this instance, an injection in the bursa will com-
municate directly with the glenohumeral space [20].

The sonographer should also make note of calcific densi-
ties or clefts within the tendon, which may indicate tendi-
nopathy or tear. Aspiration and lavage of these calcifications 
under ultrasound guidance have been reported [21]. 
Ultrasound has been found to be as effective as fluoroscopic 
guidance for localization of calcifications, and ultrasound 
can provide a measure of insight into deposit density, which 
may carry prognostic value [21].

Injection of the subacromial bursa is performed with the 
patient in the seated position with the arm hanging at their 
side (Fig. 26.1a). This allows the joint to be pulled open by 
the weight of the shoulder. Gentle downward traction on the 
arm may assist in opening the joint space, and the patient 
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should be reminded to relax the shoulder. Alternatively, the 
patient’s arm may be placed in the crass position, with the 
elbow flexed to 90°, arm supinated, and the palm of the hand 
placed over the ipsilateral hip (as if hand was being placed in 
the back pocket of pants). The transducer remains in the cor-
onal plane, and the needle is advanced in long axis starting 
approximately 1  cm lateral to the end of the transducer, 
maintaining an anterior path between the lateral border of the 
acromion and the greater tuberosity of the humerus. The 
needle angle should be adjusted to allow bursal entry just 
lateral to the acromion (Fig. 26.1a), but bursa entry more dis-
tally will typically communicate with the proximal bursa. In 
very large shoulders, a spinal needle may be necessary, 
although a 1.5 in. needle is usually sufficient. We typically 
use a mixture of 1 ml triamcinolone (40 mg/ml) and 2 ml of 
local anesthetic. Ideally, the injectate is visualized distending 
the entire bursa with real-time sonography. Fluid may be 
seen running under the acromion or distally under the del-
toid. The diagnosis of impingement or so-called impinge-
ment test is confirmed when the patient is reassessed after 
approximately 15 min, and examination shows reduction in 
pain with the impingement maneuvers.

�Biceps Tendon Sheath (Biceps – Long Head)

�Anatomy

The long head of the biceps tendon originates at the supra-
glenoid tubercle of the glenoid labrum and crosses the 
humerus anteriorly. The head of the humerus has two ante-
rior prominences or tubercles, the lesser tubercle being 
medial to the greater tubercle. The intertubercular groove 

runs between the tubercles and houses the bicipital tendon 
(long head) and is covered by the intertubercular ligament 
(including extensions of the fibers of the subscapularis mus-
cle). The short head of the biceps originates on the coracoid 
process in conjunction with the tendon of the coracobrachia-
lis (conjoint tendon). The tendon sheath of the long head ten-
don communicates proximally with the glenohumeral joint. 
Therefore injection of the sheath may fill upward into the 
joint, especially if large volumes of injectate are used. 
Likewise, glenohumeral joint fluid may flow distally along 
the tendon in the setting of shoulder joint effusion.

�Clinical Presentation

The long head is the most commonly injured portion of the 
muscle, and tears of the long head usually occur at the proxi-
mal end. Biceps tendon tears can be transverse or longitudi-
nal (split) and may also include tearing or fraying of the 
anterior/superior labrum or “SLAP lesion.” Complete rup-
ture of the long head gives the “Popeye” arm appearance 
with a balled up muscle in the distal arm. Bicipital tendi-
nopathy typically presents with pain in the anterior shoulder 
that is increased with active flexion or passive extension of 
the limb. The “speed” test (active forward flexion of the arm 
with the palm up) typically reproduces the patient’s pain. 
However, rotator cuff pathology will usually be painful with 
this maneuver also, and the patient should be asked to local-
ize symptoms as precisely as possible. Tenderness to palpa-
tion directly over the bicipital groove is often present; 
although in large shoulders localization may be difficult. 
Sonographically-assisted palpation is often helpful to local-
ize the area of greatest tenderness.

Fig. 26.1  Subacromial/subdeltoid bursa. (a) Transducer positioned 
over the lateral tip of the acromion and supraspinatus tendon, with nee-
dle insertion toward the lateral subacromial space. (b) Needle approach-

ing subacromial bursa. Asterisk indicates ideal end position of needle 
tip within the subacromial bursa
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�Ultrasound-Guided Technique

The long head is first visualized sonographically in cross 
section with a linear transducer held in the transverse plane 
directly over the anterior shoulder (Fig. 26.2a). The tendon 
and sheath can then be imaged longitudinally by rotating the 
probe into the sagittal plane. In this view, the lesser and 
greater tuberosities are seen “popping up” on either side of 
the bicipital groove as the transducer is slowly passed from 
medial to lateral, respectively. With tendon pathology or gle-
nohumeral joint effusion, the tendon sheath will be filled 
with synovial fluid. If it is nondistended, the sheath may 
offer less than 2 mm clearance to place a needle [3].

Injection of the bicipital groove can be performed in the 
short-axis (transverse or out of plane) approach or the longi-
tudinal approach. The short-axis approach is more common 

and technically easier but does not allow for visualization of 
the entire length of the needle. After appropriate setup, the 
medial side of the bicipital groove is placed in the center of 
the field of view, and the needle is inserted in the midline of 
the transducer (Fig.  26.2a). The target is the small space 
between the tendon and the lesser tuberosity of the humerus, 
just medial to the tendon (Fig. 26.2b). The needle should be 
directed deep enough (at minimum) to be through the inter-
tubercular ligament and typically is advanced all the way 
down to contact bone on the floor or medial wall of the 
groove. Injecting directly over or against the tendon should 
be avoided with the short-axis approach, as the position of 
the needle tip may sometimes be in question, and injection of 
steroid directly into the tendon may lead to rupture [6–10]. 
Injection on the lateral aspect of the groove is equally effec-
tive as the medial side, but caution should be taken to avoid 

Fig. 26.2  Biceps tendon sheath. (a) Transducer position for transverse 
imaging of the biceps tendon long head and bicipital groove, and needle 
insertion just medial to the tendon. (b) Transverse image showing the 
needle tip just medial to the tendon, deep to the intertubercular liga-

ment. (c) Transducer position for longitudinal approach. (d) 
Longitudinal view showing the needle approaching the distal aspect of 
the bicipital groove, directed from distal to proximal (just medial to 
tendon)
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the ascending branch of the circumflex humeral artery which 
typically runs up the lateral side of the groove and may be 
difficult to see due to its small size. If available, power 
Doppler imaging should be utilized to visualize this 
structure.

Alternatively, the needle may be advanced in the longitu-
dinal or “in plane” approach, with the tendon visualized 
along the entire field of view (Fig. 26.2c, d). This approach 
may be more appropriate for aspiration of the fluid in the 
sheath, but in our experience, this is rarely clinically neces-
sary. With either approach, the injection is typically com-
pleted with a volume of 0.5 ml triamcinolone (40 mg/ml) and 
1 ml of local anesthetic. The injectate should be visualized 
flowing along and around the tendon.

�Acromioclavicular Joint

�Anatomy

The acromioclavicular or “AC” joint is formed by the articu-
lation of the distal end of the clavicle and the acromion pro-
cess of the scapula. It is easily palpable by following the 
clavicle distally until small osteophytes are encountered at 
the joint margin or a bony step-off is palpated at the joint. In 
cases of shoulder separation, the step-off may be pronounced, 
and the clavicle may be high-riding due to tearing of the 
coracoclavicular ligaments. While this joint may seem easy 
to localize because of its superficial position, it is often nar-
rowed or shielded by osteophytes. Thus, ultrasound guidance 
is very helpful. The subacromial bursa and supraspinatus 
tendon lie directly beneath the joint, often predisposing them 
to damage from inferiorly directed osteophytes (or needles 
placed inadvertently through this very small joint).

�Clinical Presentation

AC joint pain typically presents with superior shoulder pain 
and tenderness directly over the joint. Pain is reproduced 
with active elevation of the arm (e.g., changing a light bulb), 
or with the “scarf” test, where the humerus is passively posi-
tioned in crossed-arm adduction (as if throwing a scarf over 
the contralateral shoulder). Patients who have suffered a 
shoulder separation, or those that do repetitive upper limb 
movements, particularly overhead, are prone to AC joint 
pain. Athletes who do excessive overhead weight lifting are 
prone to osteolysis of the distal clavicle, which may present 
very similarly, but will not show on ultrasound imaging, and 
should not be treated with steroid injection.

�Ultrasound-Guided Technique

The AC joint is visualized by placing a linear transducer in 
line with the clavicle and following the clavicle distally until 
the joint is seen (Fig. 26.3a). The appearance is typically a 
“V” shape (Fig.  26.3b), with the clavicle often projecting 
superficially compared to the acromion (Fig.  26.3c). The 
joint is covered by a thin capsule (acromioclavicular liga-
ment) and may be distended if effusion is present. A small 
hyperechoic fibrocartilaginous disk can sometimes be visu-
alized within the joint space. There are no significant vascu-
lar or neural structures to consider in this injection, but the 
skin is often thin and friable over the AC joint, so care should 
be taken not to deposit steroids superficially above the joint.

The patient is best positioned for injection in the seated 
position with the arm hanging at their side. This allows the 
joint to be pulled open by the weight of the shoulder. Gentle 
downward traction on the arm may be helpful to open the 
joint space but is usually not needed with appropriate sono-
graphic guidance. For accurate needle placement, the “V” 
shape of the joint should be positioned precisely in the mid-
dle of the image, and then the needle is inserted in short-axis 
orientation, just adjacent to the midline of the transducer 
from either the anterior or posterior side of the transducer. 
The needle is directed underneath the transducer so that the 
tip of the needle is visualized as a bright “dot” as it enters the 
field of view. Depth is then adjusted by the “walk-down” 
technique to position the needle tip deep to the capsule, typi-
cally, directly between the articulating bony surfaces. Care 
should be taken to avoid passing the needle completely 
through the joint, so it is acceptable to position the needle 
against either wall of the joint. The joint is often completely 
distended by a very small volume of injectate, so the smallest 
possible mixture should be used, particularly if the injection 
is meant for diagnostic purposes. We typically use a mixture 
of 0.25 ml triamcinolone (40 mg/ml) and 0.75 ml of local 
anesthetic.

�Glenohumeral Joint

�Anatomy

The glenohumeral joint or “true shoulder joint” is formed by 
an articulation between the proximal humeral head and the 
glenoid cavity. While the true articulation surface is small 
and shallow, the joint surface area is greatly increased by the 
presence of the cartilaginous glenoid labrum. The joint is 
surrounded by a thin fibrous articular capsule, and while 
strengthened by three glenohumeral ligaments, it remains 
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relatively weak. This allows for a large range of motion at the 
cost of joint stability. As described under biceps injection 
above, it should be noted that the joint synovium also extends 
down the bicipital sheath into the intertubercular groove. 
Occasionally, the joint capsule also communicates with a 
subscapular bursa lying on the anterior surface of the 
scapula.

Glenohumeral joint entry is most commonly performed 
for injection of degenerative joint disease and adhesive 
capsulitis [22]. Injections may also be useful for articular-
sided rotator cuff disease and labral pathology. When effu-
sion is present, aspiration is also very helpful to exclude 
septic, autoimmune, or crystalline disease of the joint. In 
many cases, effusion is small, and ultrasound guidance is 
essential for appropriate localization. Also, periarticular 
ganglia can often be diagnosed and aspirated with ultra-
sound guidance [2].

�Clinical Presentation

Glenohumeral pathology typically presents with painful and 
restricted range of motion of the joint. The most reliable 
finding is reduced external rotation with the arm held at the 
patient’s side, whereas in other shoulder pathologies, the 
external rotation range of motion is preserved. As with other 
shoulder pathology, external rotation is nonpainful or mini-
mally painful. It is also very common for glenohumeral dis-
orders to mimic cervical radiculopathy, with referred pain 
and paresthesias down the entire upper limb even into the 
digits. In these cases, the Spurling maneuver (neck extension 
and ipsilateral head rotation toward the affected side) will 
not change the patient’s pain, while glenohumeral motion 
will worsen the pain [14]. Glenohumeral pathology often 
coexists with rotator cuff and biceps pathology, but the pain 
from the glenohumeral joint typically makes isolation of 
other coexisting entities clinically difficult.

Fig. 26.3  Acromioclavicular joint. (a) Transducer position parallel to 
the clavicle spanning across the joint with needle insertion at midline of 
the transducer. (b) Transverse image of AC joint showing the needle 

shadow and tissue displacement (open rectangle) with needle tip just 
above asterisk. (c) High-riding clavicle
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�Limitations of the Blind Approach

As with subacromial bursa injections, studies have shown 
poor accuracy for blind injections of the glenohumeral 
joint. Sethi et al. reported 26.8% accuracy using an ante-
rior approach [22]. Eustace et al. reported success in 10 of 
24 shoulder injections (42%), and Jones et  al. reported 
success in 2 of 20 (10%) attempted injections, though the 
approach was not disclosed in either study [15, 23]. In con-
trast, Rutten reported a first attempt success of 94% using 
ultrasound to guide glenohumeral joint injections [24]. In 
the same study, Rutten also noted having similar success 
with the anterior (24 of 25) and posterior (23 of 25) 
approaches.

�Ultrasound-Guided Technique

The glenohumeral joint is visualized by a posterior view 
with the transducer just caudal and parallel to the spine of the 
scapula (Fig. 26.4a). The circular humeral head is seen abut-
ting the glenoid fossa with the less-echogenic triangular-
shaped labrum between them (Fig. 26.4b). Gentle rotation of 
the joint will demonstrate the humeral head rolling on the 
glenoid and labrum. For very large shoulders, a curvilinear 
probe with a lower frequency (5–6 MHz) may be necessary. 
A deeper beam focus and lower frequency are always used 
relative to other shoulder structures.

Injection of the joint is performed via a posterior approach 
with the humerus adducted across the thorax, thus opening 
the posterior joint space (Fig. 26.4a). It is also very helpful to 
ask the patient to retract the scapula (i.e., sit or lie with shoul-
der pulled back in good posture). The transducer is placed as 
described above, and the needle is inserted in long-axis 
approach, approximately 2 cm lateral to the lateral heel of 
the transducer. This lateral entry permits a more shallow-
angle approach and facilitates visualization of the entire 
shaft of the needle (Fig.  26.4b). The target is the space 
between the glenoid labrum and the humeral head. If the 
labrum is not well visualized, the needle should be directed 
toward the humeral head to avoid piercing the labrum or 
deflecting off the glenoid and away from the joint. Depending 
upon shoulder size, a 3- or 4-in. (7.5–10 cm) needle is often 
needed to reach the necessary depth. For larger shoulders, a 
steeper approach angle may also be required. We have found 
it helpful to bend the tip of the needle approximately 30°. 
This facilitates walking of the needle off the posterior aspect 
of the humeral head. The bent needle is then rotated so that 
the tip points anteriorly (toward the glenoid) and the needle 
follows the contour of the humeral head until it lodges deep 
into the joint. Typically, 1 ml of triamcinolone (40 mg/ml) 
and 2–5 ml of local anesthetic are injected. Injectate is seen 
distending the joint capsule, but not flowing extra-articularly 

or dorsally. Resistance to injection suggests that the needle is 
embedded into cartilage, and very slight retraction of the 
needle (with steady pressure on the plunger) will allow free 
flow of injectate into the joint.

�The Rotator Interval Approach

Anterior visualization of the glenohumeral joint is difficult 
with most portable equipment, due to increased depth and 
overlying dense structures. This approach, however, may be 
worthwhile in patients with joint effusions that present with 
anterior swelling or in patients with altered anatomy, posi-
tioning limitations, or habitus that prohibits posterior joint 
visualization. For anterior joint entry, the authors recom-
mend a “rotator interval approach.” The rotator interval is a 
triangular space bordered by the coronoid process, the 
anterior-most portion of the supraspinatus, and the superior 
border of the subscapularis tendon. Contained within this tri-
angular space are the biceps tendon, glenohumeral capsule, 
coracohumeral ligament, and glenohumeral ligament. 
Recently, Lim et al. reported injecting the GHJ through the 
rotator interval using ultrasound guidance with good results 
[25].

The rotator interval injection is performed with the arm 
resting at patient’s side and the shoulder placed in slight 
external rotation. The transducer is positioned in the trans-
verse plane on the superior/anterior shoulder just cranial to 
the greater and lesser tuberosities of the humerus (Fig. 26.4c). 
This position can be found by following the biceps (long 
head) tendon proximally above the bicipital groove. The 
transducer is positioned to visualize the intra-articular course 
of the biceps tendon between the supraspinatus and subscap-
ularis tendons (Fig. 26.4d). The superior glenohumeral liga-
ment may be visualized between the biceps and subscapularis 
tendons, whereas the coracohumeral ligament is between the 
biceps and supraspinatus tendons. The injection is performed 
after the needle is advanced into the rotator interval between 
the biceps tendon and the subscapularis tendon (indicated as 
arrow in Fig. 26.4d). Alternatively, the needle may be placed 
between the biceps tendon and the supraspinatus tendon 
(“asterisk” in Fig.  26.4d). Real-time visualization should 
show fluid dispersing freely along the humerus and not down 
the bicipital sheath or anteriorly away from the space. 
Resistance to injection may indicate that the needle tip has 
entered a tendon or ligament. Injecting into the rotator inter-
val may be advantageous in very large shoulders. This 
approach (relative to an injection in the middle of the ante-
rior joint) also avoids many anterior structures such as the 
subcoracoid bursa, subscapularis muscle and tendon, and the 
inferior glenohumeral ligament. Furthermore, the needle 
avoids the anterosuperior labrum by staying lateral to the 
joint space.
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�Subscapularis Tendon/Subscapularis Bursa

�Anatomy

The subscapularis muscle originates from the subscapular 
fossa of the scapula and inserts on the lesser tuberosity of the 
humerus in the anterior shoulder. Some of its fibers continue 
across the bicipital groove to attach to the greater tuberosity, 
thereby forming the roof of the bicipital groove. The sub-
scapularis is the only rotator cuff muscle that acts to inter-
nally rotate the shoulder. The subscapularis bursa lies deep to 
the tendon against the neck of the scapula. The bursa usually 
communicates with the shoulder joint; therefore, it may be 
distended in the presence of shoulder joint effusion. However, 

the bursa may be swollen or inflamed in isolation. 
Occasionally, ganglion cysts or cartilaginous loose bodies 
are found in this region.

�Clinical Presentation

Subscapularis tendinopathy usually presents with pain in the 
anterior shoulder and is provoked with active internal rotation 
or passive external rotation of the shoulder. However, this syn-
drome is relatively rare and usually does not occur in isolation. 
Therefore, it is more common for patients to present with dif-
fuse shoulder pain and impingement signs along with local-
ized pain in the region of the subscapularis tendon and bursa.

Fig. 26.4  Glenohumeral Joint. (a) Transducer positioned on the poste-
rior shoulder, just beneath the spine of the scapula with the arm 
adducted. (b) Longitudinal needle insertion behind the humeral head 
(above line), entering the posterior joint just under the glenoid labrum. 
Asterisk indicates ideal position of needle tip. (c) Transducer position 

for anterior joint entry through the “rotator interval.” (d) Rotator inter-
val (RCI) with desired needle position (arrow) between the biceps ten-
don and subscapularis (Sub) tendon. Alternative position indicated by 
asterisk between SST supraspinatus tendon and biceps tendon. Delt 
deltoid
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On physical examination, the patient may have increased 
tenderness deep in the anterior shoulder just inferior and lat-
eral to the coracoid process. Keep in mind that even normal, 
asymptomatic patients are tender in this region, so contralat-
eral comparison is essential. Shoulder range of motion is 
usually preserved. Passive external motion (with the arm at 
the patient’s side) will stretch the tendon across the anterior 
shoulder to facilitate palpation, but the deep location of the 
tendon makes it difficult to palpate. Rarely, a snapping 
sound or mechanical clunk is detected in this region, which 
may signify impingement of the subscapularis bursa, a sub-
luxing biceps tendon, a glenoid labral tear, or a loose body 
in the joint.

Strength of the subscapularis is assessed with the “lift-off 
test” [14]. The examiner places the affected hand behind the 
patient’s back (at the level of the waist) with the palm facing 
posteriorly. Then the patient is asked to lift the hand off the 
back by internally rotating. Lack of ability to lift the hand 
indicates subscapularis weakness, tendon rupture, or inade-
quate range of motion. Pain with this motion is common, so 
the patient should be asked to precisely localize the painful 
region.

�Ultrasound-Guided Technique

Imaging of the subscapularis usually starts with localization 
of the bicipital groove (see above section on biceps tendon 
sheath). A linear transducer is held in the transverse position 
relative to the humerus and bicipital groove (Fig. 26.5a), and 
the subscapularis is seen traveling from its deep, medially 
located muscle belly to attach to the lesser tuberosity. 
External rotation will pull the tendon across the field of view, 

and the distal muscular tissue will be seen surrounding the 
tendon. When the probe is rotated 90° to show the musculo-
tendinous junction, multiple tendon fascicles are seen within 
the muscle belly, coalescing laterally into the tendon just 
prior to insertion. The subscapularis bursa may be seen 
between the tendon and the scapular neck, and in distended 
shoulder joints, the bursa is commonly seen communicating 
with the anterior glenohumeral joint.

The tendon and bursa injection can be performed in either 
the short-axis (transverse or “out of plane”) approach or the 
longitudinal approach. In the longitudinal approach, a lateral 
starting position is preferred to avoid the pectoralis muscles 
and deep neurovascular structures of the axilla. To facilitate 
visualization and entry, the shoulder should be gently exter-
nally rotated (approximately 45°). For the tendon sheath 
injection, the needle should stop just short of the tendon, 
with the injectate deposited just anterior to it (indicated as 
“asterisk” in Fig. 26.5b). The bursa is reached by advancing 
the needle through the tendon, at which time a subtle “pop” 
or give-way is detected. (We typically use a mixture of 0.5 ml 
triamcinolone (40  mg/ml) and 1  ml of local anesthetic.) 
When a larger volume is injected in this region, the bursa 
may be seen distending or the injectate may flow directly 
into the glenohumeral joint.

�Sternoclavicular Joint

�Anatomy

The sternoclavicular or “SC” joint is formed by the articula-
tion of the proximal end of the clavicle with the clavicular 
fossa in the superior lateral aspect of the sternum. It is easily 

Fig. 26.5  Subscapularis tendon/bursa. (a) Transducer positioned longitudinal to the tendon over the anterior shoulder. (b) Ultrasound image 
shows the humerus in external rotation with tendon, underlying bursa, and desired needle tip position indicated by asterisk
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palpable by following the clavicle proximally where its 
medial end is usually positioned just anterior to the sternum. 
With scapular retraction (asking the patient to pull their 
shoulders back and chest out), the end of the clavicle becomes 
more prominent, while with protraction (or hunching for-
ward), the clavicle protrudes less. In cases of SC dislocation, 
the entire end of the clavicle may project anteriorly and 
medially to the border of the sternum. The great vessels of 
the chest and the pleura lie deep to the joint, so care is needed 
to avoid excessive penetration of the needle.

�Clinical Presentation

SC joint pain typically presents with chest wall pain, swell-
ing, and tenderness directly over the joint. Crepitation or 
subluxation in this region is very common and is not consid-
ered pathological unless accompanied by pain or swelling. 
Pain is reproduced with scapular protraction/retraction, arm 
elevation, or with the “scarf” test as described for AC joint 
pain. Patients who have suffered a clavicle fracture and 
shoulder separation or those that do excessive weight lifting 
(especially bench presses) are prone to SC joint disease.

�Ultrasound-Guided Technique

The SC joint is visualized by placing a linear transducer in 
line with the clavicle and following the clavicle proximally 
until the joint is seen. The appearance is typically a small 
notch with the clavicle projecting superficially compared to 
the sternum. The joint is covered by a very thin capsule and 
may be distended if effusion is present. The patient is best 

positioned in the seated position with the arm hanging at 
their side. Gentle retraction of the scapula may be helpful to 
open the joint space. A small hyperechoic fibrocartilaginous 
disk can sometimes be visualized within the joint space and 
seen subluxing with excessive joint movement.

For SC joint injection, the needle is inserted in short-axis 
orientation, just adjacent to the transducer. For accuracy, the 
notch of the joint should both be positioned precisely in the 
middle of the image and the needle lined up with the corre-
sponding position along the transducer (Fig.  26.6a). The 
needle tip is visualized as a bright “dot” as it enters the field 
of view, hopefully just superficial to the joint (a very shallow 
angle of approach is required, as the joint is usually very 
superficially located). Depth is then adjusted by the “walk-
down” technique to position the needle tip deep to the cap-
sule, typically, directly between the articulating bony 
surfaces (indicated as “asterisk” in Fig. 26.6b). Care should 
be taken to avoid passing the needle completely through the 
joint, so that it is acceptable and usually prudent to direct the 
needle from medial to lateral and stopping if bony contact is 
made with the end of the clavicle, or adequate depth is visu-
alized. The joint is often completely distended by a very 
small volume of injectate, so that the smallest possible mix-
ture should be used. We typically use a mixture of 0.25 ml 
triamcinolone (40 mg/ml) and 0.75 cm3 of local anesthetic.

�Conclusion

Currently, musculoskeletal ultrasound is still a new and 
emerging tool. As techniques are further developed, better 
and varying approaches are expected to develop. Already, 
there is compelling evidence supporting the merits of 

Fig. 26.6  Sternoclavicular joint. (a) Transducer position parallel to the clavicle spanning across the joint with needle insertion at midline of the 
transducer. (b) Transverse image of AC joint injection showing desired needle tip position indicated by asterisk
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ultrasound-guided shoulder injections over “blind” injec-
tions [15–18] and even fluoroscopic guidance [21, 24]. These 
merits include (but are not limited to) real-time assessment 
of soft-tissue anatomy, no radiation exposure, direct visual-
ization of needle placement, and flow of injectate [3, 26]. 
The procedures that have been described are powerful tools 
in the diagnosis and treatment of shoulder disorders. To pro-
vide the best outcome, however, they should be combined 
with a rehabilitation program to address underlying biome-
chanical deficits and restore optimal function.
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Ultrasound-Guided Hand, Wrist, 
and Elbow Injections

Marko Bodor, John M. Lesher, and Sean Colio

�Introduction

Patients with pain, numbness, and weakness in the upper 
extremity are frequently referred to pain specialists. Carpal 
tunnel syndrome (CTS) combined with shoulder impinge-
ment can easily mimic cervical radiculopathy and disk her-
niation [1, 2]. Chronic pain at the thenar eminence following 
carpal tunnel surgery may stem from occult trigger thumb or 
carpometacarpal (CMC) joint arthritis. Median neuropathy 
at the wrist combined with impingement of the flexor pollicis 
longus (FPL) tendon on a fixation plate screw following frac-
ture of the radius can mimic the pain, burning, and weakness 
of complex regional pain syndrome (CRPS). These and other 
conditions of the hand, wrist, and elbow can be effectively 
diagnosed and treated with diagnostic ultrasonography and 
ultrasound-guided injections.

A few general principles apply with regard to ultrasound-
guided injections in the hand, wrist, and elbow. The struc-
tures are small and superficial, so a small high-frequency 
transducer ( >12 MHz) is best because of its maneuverability 
and high resolution. Adequate gel is necessary to maintain 
good skin contact while scanning over bony structures. The 
tip of a curved hemostat or other small instrument or the 
examiner’s little finger can be used to help determine which 
specific structures are tender, such as the CMC joint of the 
thumb or the adjacent scaphoid-trapezium-trapezoid (STT) 
joint. A model of the hand, wrist, and elbow placed next to 
the patient and ultrasound machine can be useful for teach-
ing purposes and visualization of complex anatomy, such as 
the bony contours of the carpal bones [3].

�Ultrasound-Guided Carpal Tunnel Injections

�Anatomy

The carpal tunnel contains the median nerve and nine 
tendons, including the flexor digitorum superficialis (FDS), 
profundus (FDP), and pollicis longus (FPL) (Fig. 27.1). The 
tendons are retained by the flexor retinaculum, which extends 
from the tubercle of the trapezium and scaphoid to the hook 
of the hamate and pisiform. The FDS and FDP tendons are 
surrounded by a common synovial sheath, while the FPL has 
a separate sheath. The location of the median nerve is just 
beneath the flexor retinaculum, medial to the flexor carpi 
radialis (FCR), superficial to the FPL, and lateral to the FDS; 
however it may be located up to a centimeter or more medi-
ally; thus even the best performed blind carpal tunnel injec-
tions may injure the nerve. The normal median nerve moves 
in response to finger movements, which can be seen with 
dynamic ultrasound imaging.

CTS is the most common peripheral nerve entrapment 
syndrome. The symptoms include numbness in the hand at 
night, pain, weakness, and a feeling that the hand is swollen. 
Sensation is decreased in the volar aspect of the thumb, 
index, middle, and radial half of the ring finger. The gold 
standard for diagnosis remains nerve conduction studies and 
electromyography, but ultrasound criteria for CTS have been 
developed and include median nerve cross-sectional area 
(CSA) at the distal wrist crease [4] >15 mm2, median nerve 
CSA ratio between distal wrist crease and 12 cm proximally 
>1.5 (we use >2.0 for greater specificity) [5], and bowing of 
the flexor retinaculum [6].

�Literature Review on Ultrasound-Guided 
Carpal Tunnel Injections

Grassi et al. described a short-axis technique for carpal tun-
nel injection in a case of CTS caused by rheumatoid synovi-
tis in which the needle was directed into the interval between 
the median nerve and the FCR tendon [7]. In our experience, 
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this interval is too narrow to allow easy access to the carpal 
tunnel in most people but is an option when the median nerve 
is located more medially (Fig. 27.2).

Smith et al. described a long-axis ultrasound-guided car-
pal tunnel injection technique which is performed at the level 
of the pisiform [8]. The needle is inserted just superficial and 
lateral to the ulnar nerve and artery and directed toward the 
median nerve at a shallow angle. Hydrodissection is used to 
peel the median nerve away from any adhesions. Smith et al. 
performed over 50 injections using this technique with no 
complications. The long-axis technique ensures that the nee-
dle tip and shaft are seen at all times. We have found this 
technique to be especially useful in cases of failed carpal 
tunnel surgery, when injecting directly into the transverse 
carpal ligament or into the middle of the carpal tunnel where 
the nerve and tendons are closely packed.

At this time, there are no outcome studies comparing 
ultrasound-guided vs. blind carpal tunnel injections. A recent 
review of blind carpal tunnel corticosteroid injections found 
that 75% of patients treated with carpal tunnel release sur-

gery had excellent outcomes, while 8% got worse. With 
injections 70% of patients had excellent short-term out-
comes, but 50% relapsed at 1 year [9].

Armstrong et al. discovered improvement of nerve func-
tion, specifically return of absent median sensory nerve 
action potentials 2 weeks following blind carpal tunnel corti-
costeroid injections, findings which are of potential signifi-
cance to all pain specialists, particularly those treating the 
spine [10].

The advantage of a short-axis technique is that it deploys 
the thinnest possible needle at the shortest distance. When 
performed correctly, it is nearly painless; however if the nee-
dle is jabbed into a tendon, the patient will experience pain. 
We have used the following technique in over 1800 
ultrasound-guided carpal tunnel injections with only one 
complication (infection in a patient with a previous history 
of infection).

�Ultrasound-Guided Technique for Carpal 
Tunnel Injection

The patient is seated across from the pain interventionist 
with the wrist and hand in supination resting on a pillow. The 
patient is seated next to the ultrasound machine so that the 
interventionist does not have to turn his head or significantly 
alter his gaze, factors which could affect the accuracy of 
needle placement.

The fingers are flexed, and the hand is relaxed to maxi-
mize space between tendons, and then a short-axis view at 
the distal wrist crease is obtained. An opening between the 
flexor tendons, usually a vertical or slightly diagonal cleft 
located halfway between the median and ulnar nerves and 
most often between the middle and ring finger FDS tendons, 
is identified (Figs. 27.1 and 27.3a–c). When performing an 
ultrasound-guided injection in either the short or long axis, it 

Fig. 27.1  Normal carpal 
tunnel. Short-axis view at the 
distal wrist crease and 
opening of the carpal tunnel 
showing typical anatomy in 
an unaffected individual. The 
FCR is separated from the 
median nerve (MN) and FPL 
by the transverse retinaculum 
(solid arrows). A cleft or 
opening (open arrow) is seen 
between FDS tendons 
halfway between the median 
and ulnar nerve (UN) and 
artery (UA)

Fig. 27.2  Carpal tunnel syndrome (short-axis injection)  – medially 
displaced median nerve. The median nerve (MN) is medially displaced, 
and an opening is present between FPL and FDS tendons allowing pas-
sage of the needle (arrow)
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is important to remember that the site of needle insertion 
always lies outside of view of the ultrasound screen. Thus, it 
is necessary to briefly scan over the intended needle insertion 
site to make sure any sensitive structures, such as the median 
or ulnar nerve or artery, are not in the way [3]. The median 
nerve can be differentiated from the tendons on the basis of 
their anisotropy or change in appearance from light to dark 
as the transducer is tipped back and forth in the sagittal plane. 
It should also be noted that the median nerve can sublux 
medially or laterally depending on transducer orientation 
and position.

After the target is centered on the ultrasound screen, the 
distance between needle insertion site and target is calcu-
lated using the ultrasound machine caliper tool or esti-
mated on the basis of the scale on the screen. We typically 
insert a 30-gauge, 25  mm needle in the short axis and 
slightly obliquely pass through the cleft with minimal to 
no contact with tendons. We hold the syringe lightly in the 
hand in order to sense the needle slipping between tendons 
instead of jabbing into them. When the tip of the needle is 
within the superficial row of tendons, approximately 
1.5 ml of 20–40 mg triamcinolone acetonide and normal 
saline are injected (Fig. 27.3b, c). If the medication is not 
well mixed or the needle jabs into a tendon, clogging may 
occur and require insertion of another possibly larger 
gauge needle.

After the needle is withdrawn, the patient is asked to fully 
extend the fingers, thus drawing medication into the carpal 
tunnel. Combined with use of a wrist splint at night and 

avoidance of exacerbating activities, the injection can pro-
vide complete relief of symptoms in mild to moderate cases 
of CTS for up to 6 months or longer in our experience.

�Ultrasound-Guided Trigger Finger Injections

�Anatomy

Triggering occurs at the first annular (A1) pulley, where 
there is an increase in friction or a mismatch in size between 
the flexor tendons and pulley. The A1 pulley consists of 
annular bands of connective tissue located at and proximal to 
the metacarpophalangeal (MCP) joint and contiguous with 
the tendon sheath [11]. The mean length of the A1 pulley is 
12  mm for the adult index, middle, and ring fingers and 
10 mm for the little finger [12]. Ultrasound imaging findings 
of trigger finger include swelling of the tendons, hypoechoic 
thickening of the A1 pulley, hypervascularization, synovial 
sheath effusion, and dynamic changes in the shape of the 
sheath during flexion and extension [11, 13, 14].

On axial ultrasound views, the A1 pulley is hypoechoic and 
shaped like an inverted parabola overlying the FDS and FDP 
tendons and volar plate. In thumbs, the A1 pulley has a more 
circular shape because of only one tendon present, the FPL [11].

Trigger finger is a common hand problem, with a life-
time prevalence of 2.6% in the general population and 
10% among those with diabetes. Symptoms may range 
from a vague sense of tightness in the fingers or pain in 

Fig. 27.3  Carpal tunnel syndrome (short-axis injection). (a) Note 
enlargement of the median nerve (MN) and the opening between FDS 
tendons. (b) Illustration showing needle and transducer position prior to 

injection. Medical illustrations by Joseph Kanasz, BFA. (c) Ultrasound 
image obtained during injection shows needle tip (arrow) surrounded 
by anechoic injectate
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the palm of the hand to overt triggering and locking. 
Tenderness is almost always present at the A1 pulley and 
in mild cases may be the only clue as to the presence of 
the disorder [11]. Trigger finger can be graded according 
to the Quinnell scale as follows: 0, normal movement; 1, 
uneven movement; 2, actively correctable locking; 3, pas-
sively correctible locking; and 4, fixed deformity of the 
digit [15].

�Literature Review on Ultrasound-Guided 
Trigger Finger Injections

Godey et al. published a long-axis technique and demon-
strated deposition of steroid below and above the pulley in 

a single patient [16]. Bodor and Flossman described a 
short-axis technique in their prospective study of 50 of 52 
consecutive trigger fingers, noting complete resolution of 
symptoms in 94% of fingers at 6 months, 90% at 1 year, 
65% at 18 months, and 71% at 3 years. The results were 
statistically significant and compared favorably to the 
56% success rates reported at 1 year for blind injections 
[11, 17, 18].

�Ultrasound-Guided Trigger Finger Injection 
Technique

Using the short-axis technique, the target for injection is a 
triangle under the A1 pulley whose borders consist of the 
FDS and FDP tendons and volar plate, the distal metacarpal 
bone, and the pulley (Fig.  27.4). The flexor tendons are 
identified in an axial view at the level of the proximal pha-
lanx. At this location, the underlying surface of the bone 
appears concave. As the transducer is passed more proxi-
mally, the concave surface of the proximal phalanx gives 
way to the convex surface of the metacarpal bone as the 
MCP joint is crossed.

At this level, the A1 pulley and target triangle are identi-
fied and centered on the screen or slightly to the left of cen-
ter for someone injecting with the right hand. It does not 
matter whether the triangle on the radial or ulnar side of the 
tendons is selected. This as well as other short-axis injec-
tions requiring such a high degree of accuracy can be facili-
tated by placing a mark on the side of the transducer 
indicating its exact center.

We use a distal-to-proximal approach and plan a trajec-
tory to the hypotenuse of the triangle using an approxi-
mately 70° angle to horizontal in the axial plane and a 45° 
angle in the sagittal plane. As soon as the 30-gauge needle 
punctures the skin, we inject with 0.25 ml of 4% lidocaine 
for immediate anesthesia and then carefully advance the 
needle into the target triangle using real-time ultrasound 
guidance.

When the tip of the needle is inside the triangle, the 
syringes are switched and approximately 0.5–1.0  ml of 
10–15 mg triamcinolone acetonide and lidocaine 2–4% are 
injected, making sure to visualize flow under the A1 pulley. 
If flow occurs outside the pulley or there is no flow, the nee-
dle is adjusted until flow is obtained. Sometimes initially 
high resistance to outflow is noted followed by a steep drop 
in resistance accompanied by visual distention of the pulley. 
The pulley can be tough to penetrate and the needle may 
clog, requiring insertion of another possibly larger gauge 
needle. Afterward, the patient is encouraged to resume usual 
activities.

Fig. 27.4  Trigger finger (short-axis injection). (a) Illustration and 
medical illustrations by Joseph Kanasz, BFA (b) short-axis view of the 
A1 pulley (arrowheads) with the tip of the needle inside the target tri-
angle, consisting of the A1 pulley (arrowheads), FDS and FDP tendons, 
volar plate (VP), and distal metacarpal bone (M). The neurovascular 
bundles (NV) lie on both sides of the pulley
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�Ultrasound-Guided Wrist Injections

�Anatomy

The wrist consists of the distal radius and ulna; the proximal 
carpal row, including the scaphoid, lunate, triquetrum, and 
pisiform; the distal carpal row, including the trapezium, trap-
ezoid, capitate, and hamate; and the bases of the metacarpal 
bones. The wrist joints are grouped as follows: distal radio-
ulnar, radiocarpal, midcarpal, and carpometacarpal. The dis-
tal radioulnar joint allows the radius to pivot around the ulna 
during pronation and supination. The biconcave radiocarpal 
joint permits both wrist flexion and extension and radial and 
ulnar deviation. The proximal carpal row serves as a rigid 
intercalated segment within the wrist kinetic chain and forms 
a semirigid ring with the distal carpal row [19]. The distal 
carpal row serves as a solid base of support for the metacar-
pal bones, and a complex array of ligaments, description of 
which is beyond the scope of this chapter, connect and stabi-
lize the carpal bones [20].

The wrist is vulnerable to both acute and chronic injury, 
including dorsal and volar dislocations, chronic instabilities, 
rheumatoid and inflammatory arthritides, and osteoarthritis. 
Osteoarthritis can be classified as primary or secondary. The 
most common site of primary osteoarthritis in the hand and 
wrist involves the CMC joint of the thumb. Secondary osteo-
arthritis typically occurs after fractures or following disrup-
tion of the two most important wrist ligaments, the 
scapholunate and lunotriquetral [21]. Approximately 95% of 
cases of secondary arthritis involve the scaphoid bone [22].

�Literature Review on Ultrasound-Guided Wrist 
Injections

Koski et  al. performed US-guided wrist injections in 50 
patients with active rheumatoid arthritis (RA) [23]. In the 
first group, patients were injected with triamcinolone hex-
acetonide 20 mg entirely into the radiocarpal joint, while in 
the second group, half the dose was provided to the radiocar-
pal joint and half to the midcarpal joint. At 3 months, visual 
analog scores (VAS) improved in both groups, with 19 of 25 
wrists in the first group being clinically assessed as better or 
normal and 22 of 25 in the second group.

Boesen et al. injected the radiocarpal joint of each of 17 
RA patients with 1 ml methylprednisolone 40 mg, 0.15 ml 
gadolinium, and 0.5  ml lidocaine 0.5% with the goal of 
assessing distribution of contrast among the four wrist 
compartments [24]. A short-axis approach was used with 
the transducer sagittally oriented between the distal radius 
and lunate. A value of 1 was assigned for complete spread 
within one compartment, 0.5 for partial spread, and 0 for no 

spread. The mean distribution score was 2.4, with greater 
distribution noted in patients with higher MRI synovitis 
scores and distribution in all four compartments noted in 
only two patients.

In their retrospective study of US-guided contrast injec-
tions for MR arthrography, Lohman et al. noted that 101 of 
108 (93.5%) injections were intra-articular [25]. Their injec-
tion technique involved placing the wrist in slight volar flex-
ion and palpating for Lister’s tubercle. Ultrasound scanning 
in the short axis was used to identify and mark the space 
between the third and fourth tendon compartments at the 
radiocarpal joint; the transducer was rotated 90° and the nee-
dle inserted in the long axis.

Umphrey et al. performed US-guided short-axis injec-
tions of the trapeziometacarpal (TMC) or thumb CMC 
joint in cadavers [26]. Fluoroscopic images confirmed 
intra-articular contrast in 16 of 17 (94%) joints following a 
single attempt. Mandl et al. reported similar success rates 
(91%) with blind injections, using ultrasound for confir-
mation [27].

In a recent study of 18 patients, Salini et al. provided a 
single ultrasound-guided injection of sodium hyaluronate 
1% to the CMC joint of the thumb, noting at 1 month follow-
up a reduction of pain from 1.8 to 0.5 at rest and 8 to 4 with 
activities, with the elimination of NSAID use in 9 patients 
and reduction of NSAID use (2.5–1 tablet per week) in 7 
patients [28].

In a well-controlled nonultrasound-guided study of 56 
patients with thumb CMC joint arthritis, Fuchs et al. com-
pared one triamcinolone acetonide (TA) 10 mg injection to 
three 1 ml injections of sodium hyaluronate (SH) 1% given 
1 week apart. The VAS score went from 61 to 20 to 48 in 
the TA group and from 64 to 30 to 28  in the SH group 
3 weeks following the last injection and at 26 weeks final 
follow-up [29].

�Ultrasound-Guided Technique for Wrist 
Injections

A precise sonographic examination is advised before plan-
ning any injections. Thus, for example, if treating pain at the 
radial aspect of the wrist, the radial-scaphoid joint is visual-
ized and centered on the screen and careful palpation per-
formed over the joint to confirm that it is the pain generator. 
To facilitate precise sonopalpation, we recommend use of a 
small probe or the tip of one’s little finger. If a specific joint 
is the pain generator, we expect it to be tender relative to 
adjacent structures. We find this technique to be especially 
useful in identifying pain arising from small and 
difficult-to-access structures such as the pisotriquetral (PT) 
and STT joints.

27  Ultrasound-Guided Hand, Wrist, and Elbow Injections
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Two techniques of wrist injections will be described, the 
first using a long-axis approach and the second using a short-
axis approach.

For the long-axis approach to the radiocarpal joint, the 
patient is seated next to the ultrasound machine facing the 
physician. The wrist is in pronation and slight volar flexion 
and resting on a pillow. Lister’s tubercle is identified in the 
short axis. Next to it on the ulnar side is the extensor pol-
licis longus (EPL) followed by the extensor digitorum 
communis (EDC). The interval between EPL and EDC 
tendons is centered on the screen, and the transducer 
moved distally until the bony cortex of the radius disap-
pears. Here the transducer is rotated 90° so that the under-
lying radial-scaphoid joint is seen in the long axis 

(Fig. 27.5). A 27-gauge, 32 mm needle is then advanced in 
the long axis from distally to proximally until the tip of the 
needle enters the joint.

For small and superficial joint injections such as the 
CMC joint of the thumb, a short-axis injection is easiest to 
perform. The wrist is placed in neutral, between pronation 
and supination, in slight ulnar deviation for a dorsal 
approach, and in supination, thumb adduction, and slight 
ulnar deviation for a volar approach. The joint is centered 
on the screen, and the distance between the skin and a 
point within the superficial part of joint is estimated. A 
30-gauge, 12.5 or 25  mm needle is inserted in the short 
axis and directed toward the joint (Fig.  27.6). When the 
needle is within the joint, 0.5–1.0  ml of corticosteroid, 

Fig. 27.5  Wrist (radial-scaphoid) joint long-axis injection. (a) 
Illustration and medical illustrations by Joseph Kanasz, BFA. (b) Long-
axis view of the joint and radius (R) and scaphoid (S) and needle seen 
entering from the right. Injected fluid surrounds the tip of the needle

Fig. 27.6  CMC joint of thumb injection (short-axis dorsal approach). 
(a) Illustration and medical illustrations by Joseph Kanasz, BFA. (b) 
Short-axis view of the needle (arrow), the proximal metacarpal bone 
(M), and trapezium (Tm) during injection. The medication is being 
injected via a 30-gauge needle resulting in high velocity and air bubbles 
being injected deep into the joint producing a somewhat brighter 
appearance of the fluid between M and Tm

M. Bodor et al.
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lidocaine, or viscosupplement is injected. The advantage 
of the dorsal approach is that it avoids the sensitive skin of 
the volar aspect of the hand, whereas the volar approach, 
as described by Umphrey et al. [26] avoids the overlying 
thumb tendons.

�Ultrasound-Guided Injections for Tendon 
Dysfunction

�Anatomy

The extensor tendons are divided into six compartments at 
the dorsal wrist and forearm: E1, abductor pollicis longus 
(APL) and extensor pollicis brevis (EPB); E2, extensor 
carpi radialis longus and brevis (ECRL and ECRB); E3, 
EPL; E4, EDC; E5, extensor digiti minimi (EDM); and E6, 
extensor carpi ulnaris (ECU). The tendons are prone to fric-
tion, overuse, effusions, and degenerative changes. The 
common extensor tendon of the ECRB, EDC, EDM, and 
ECU originates from the lateral epicondyle of the humerus. 
The anatomy of the flexor tendons is discussed in the carpal 
tunnel section.

�de Quervain’s Tenosynovitis
Fritz de Quervain described stenosing tenosynovitis of the 
first compartment tendons, the APL and EPB, in 1895 
[30]. Pain with thumb and wrist motion and tenderness 
over the radial styloid are present. The incidence is 
approximately 0.94–6.3 per 1000 person-years [31, 32], 
and women, older individuals, and African–Americans 
are at greater risk [32]. Ultrasound findings include ten-
don and synovial sheath thickening with peritendinous 
edematous changes [33].

Zingas et al. performed blind injections of corticosteroid 
and radiographic dye in 19 patients with de Quervain’s teno-
synovitis [34]. Relief of symptoms occurred in 11 of 16 in 
which dye was present in E1, in 4 of 5 in which dye was seen 
within E1 and around both APL and EPB tendons, and in 0 
of 3 in which dye did not get into E1. The authors concluded 
that the optimal resolution of symptoms depends on accurate 
tendon sheath injections and hypothesized that if an unrecog-
nized septum separates the smaller EPB from the larger APL, 
injections and surgery may fail.

Avci et  al. performed a randomized controlled trial in 
pregnant and lactating women demonstrating complete 
relief of pain in nine of nine patients treated with blind cor-
ticosteroid injections and in zero of nine using thumb spica 
splints [35].

Jeyapalan and Choudhary performed US-guided injec-
tions in 17 patients with de Quervain’s tenosynovitis, noting 
significant resolution of symptoms in the 15 of 16 (94%) 
patients that were available for follow-up [36].

�Intersection Syndrome
Intersection or oarsman’s syndrome occurs at the intersection 
of the E1 (APL and EPB) and E2 (ECRL and ECRB) tendon 
sheaths in the distal forearm. Focal tenderness to palpation 
confirms the diagnosis. Ultrasound findings may include 
thickening of the tendon sheaths or the presence of an effu-
sion [37]. Ultrasound-guided corticosteroid injection and 
avoidance of direct pressure and exacerbating activities can 
help resolve this problem. A rarer friction syndrome can 
occur more distally at the intersection of E2 and E3.

�Lateral Epicondylitis
Lateral epicondylitis (LE) or tennis elbow has an incidence of 
0.4–0.7% among the general population [38, 39]. LE is sec-
ondary to overuse, degeneration, lack of regeneration (tendi-
nosis), or micro-tears of the common extensor tendon [3, 40]. 
The deep fibers of the ECRB portion of the tendon are most 
often involved. Ultrasound findings include diffuse tendon 
enlargement, hypoechoic areas, linear and complex tears, 
intratendinous calcification, and adjacent bone irregularity [3].

Recent systematic reviews [41, 42] found that corticoste-
roid injections provide good short-term relief of symptoms 
but no long-term benefit, whereas physical therapy slightly 
improves intermediate and long-term outcomes compared to 
no intervention. Risks of corticosteroids include common 
extensor tendon and lateral collateral ligament rupture.

Mishra et al. performed the first randomized controlled trial 
of platelet-rich plasma (PRP) injections for chronic lateral epi-
condylitis in 20 patients who had failed corticosteroid injec-
tions and physical therapy [43]. After 8 weeks there was a 60% 
improvement in VAS score among the 15 patients in the PRP 
group, compared to 16% for the 5 patients in the bupivacaine 
group. At final follow-up, an average of 25.6  months later, 
there was a 93% improvement in the PRP group.

Recent systematic reviews [44, 45] also concluded that 
prolotherapy, polidocanol, autologous whole blood, and PRP 
are all effective for LE with more studies underway. McShane 
et al. reported good to excellent results in 92% of patients at 
an average of 22 months following sonographically guided 
percutaneous needle tenotomy for LE [46].

�Tendon Impingement
Arora et al. reported on a series of 141 patients treated with 
a fixed-angle open reduction internal fixation (ORIF) palmar 
plate, noting two ruptures of the FPL tendon, nine cases of 
flexor tendon tenosynovitis, two EPL ruptures, four cases of 
extensor tendon synovitis, three CTS, and five with CRPS 
[47]. Casaletto et al. described seven cases of FPL rupture 
associated with palmar plate fixation [48]. Adham et  al. 
described four cases of flexor tendon problems after volar 
plate fixation of distal radius fractures, all of which were 
associated with close contact of flexor tendons with screws 
or the distal edge of the plate [49].
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�Ultrasound-Guided Technique for Tendon 
Dysfunction

US-guided injections for de Quervain’s tenosynovitis are 
performed as follows: the APL and EPB tendons are identi-
fied in the short axis at the base of the thumb and followed 
proximally to the point of maximum tenderness, usually 
where they cross the radial styloid. The E1 tendon sheath is 
the target for injection, but each tendon can be targeted sepa-
rately if a septum is present or flow does not spread 
throughout the sheath. After the cleft between tendons is 
centered on the screen, a short-axis injection is performed 
using a 27-gauge, 32-mm needle and 1–2 ml of lidocaine/
corticosteroid (Fig. 27.7).

US-guided injections for intersection syndrome are per-
formed in a similar fashion. The E1 tendons are followed 

proximally up to the point where they cross the E2 tendons. 
A short-axis injection can be provided into the E1 tendon 
sheath between the APL and EPB tendons, followed by 
advancement of the needle into the space between E1 and E2 
where more medication can be injected.

Ultrasonography for lateral epicondylitis is most useful to 
determine whether the common extensor tendon is swollen, 
degenerated, and partially or completely torn, factors which 
are as likely to impact outcome as exact needle placement. 
Ultrasound guidance can be used in the short or long axis for 
an injection of PRP into a tear or for the assessment of spread 
of injectate (Fig. 27.8).

US-guided injections for tendon impingement can be per-
formed following the use of dynamic imaging to determine 
which tendon is being impinged and where. An injection of 
local anesthetic only is provided because corticosteroids 
increase the risk of tendon rupture. When the source of pain 
is identified, a decision can be made whether to remove the 
hardware. The injection technique for impingement of a ten-
don such as the FPL is similar to that for CTS. A short- or 
long-axis approach is used, but the needle is advanced 
beyond the superficial row of tendons so that the tip is posi-
tioned between the FPL and fixation plate or screw. At that 
point, 0.5–1.0 ml of lidocaine 4% or bupivacaine 0.75% is 
injected followed by the assessment of pain and function 
(Fig. 27.9).

�Ultrasound-Guided Elbow Injections

�Anatomy

The elbow is a compound joint formed by the articulations of 
three bones including the humerus, radius, and ulna. The 
ulno-humeral articulation approximates a hinge joint, 
whereas the radioulnar and radio-humeral articulations allow 
for axial rotation. The joint capsule envelopes the entire 
elbow joint and is taut in elbow extension and lax in elbow 
flexion. It contains three fat pads, two of which are located in 
the capitellar and trochlear fossa and the third in the olecra-
non fossa. When an elbow joint effusion is present, the fat 
pads are elevated, resulting in the radiographic signs of visi-
ble posterior and elevated anterior fat pads.

Numerous bursae are found around the elbow including 
the cubital and olecranon bursae. The cubital bursae include 
the bicipito-radial bursa and the interosseous bursa [50]. The 
cubital bursa is located between the distal biceps tendon and 
the radial tuberosity and decreases friction during forearm 
pronation. Cubital bursitis is rare and causes pain and swell-
ing in the antecubital fossa [51]. Three bursae are found pos-
teriorly including the superficial olecranon bursa that is 
located in the subcutaneous tissue posterior to the olecranon. 

Fig. 27.7  de Quervain’s tenosynovitis (short-axis injection). (a) 
Illustration and medical illustrations by Joseph Kanasz, BFA. (b) Short-
axis view of the tip of the needle (arrow) seen between the APL and 
EPB tendons
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This bursa is commonly inflamed following direct injury or 
repetitive trauma or with inflammatory disorders.

Knowledge of peripheral nerve anatomy around the 
elbow is important when performing interventional proce-
dures in this area. The ulnar nerve is located medially 
between the olecranon process and medial epicondyle, and 
the radial nerve is located laterally under the brachioradialis 
muscle, where it bifurcates into deep and superficial 
branches. The deep branch of the radial nerve runs between 
the two heads of the supinator, and the superficial branch 
runs under the brachioradialis muscle on its way to the 
dorsal radial aspect of the hand [52]. The median nerve lies 
anteriorly, superficial to the brachialis muscle and medial to 
the brachial artery [53].

�Literature Review on Ultrasound-Guided 
Elbow Injections

Ultrasound-guided elbow joint injections are commonly per-
formed for diagnosis and treatment of pain resulting from 
osteoarthritis, rheumatoid arthritis, crystal arthropathies, and 
infection. Ultrasound can be a valuable tool to the physician 
treating elbow pain since physical examination and blind 
aspiration often fail to reveal the presence of an effusion.

Louis et al. and Bruyn et al. described similar approaches 
with the elbow either flexed across the chest or protruding 
behind the back with the hand resting on a flat surface [54, 
55]. The transducer is aligned with the long axis of the upper 
arm and moved laterally until just out of view of the triceps 
tendon. The needle is inserted using a long-axis approach. 
The median, radial, and ulnar nerves are not at risk for injury 
with this approach, and the key anatomical landmarks 
include the concave olecranon fossa of the humerus, the pos-
terior fat pad, and the olecranon.

�Ultrasound-Guided Elbow Injection Technique

The patient is seated facing away from the physician with a 
pillow doubled-up in the lap, the hand resting on the pillow, 
and the elbow bent. A long-axis view of the olecranon and 
triceps tendon is obtained (Fig. 27.10a). While maintaining 
the lower end of the transducer on the olecranon, the upper 
end is rotated 30° clockwise for the right or 30° counter 
clockwise for the left elbow. As the transducer is rotated, the 
convex surface of the lateral trochlea of the distal humerus 
with its thin layer of hypoechoic cartilage emerges into view. 
The joint space is the small notch between the olecranon and 
trochlea (Fig. 27.10c).

One must be careful not to rotate too far laterally – if the 
hypoechoic layer of cartilage is not seen, the bony surface 
seen superior to the olecranon may be the posterior lateral 

Fig. 27.8  Lateral epicondylitis. (a) Long-axis view showing anechoic fluid between the origin of the common extensor tendon (CET) and the 
lateral epicondyle (LE) indicating a tear. (b) Long-axis view with needle showing PRP being injected into the tear

Fig. 27.9  FPL tendon impingement. Short-axis view of the distal 
radius with a volar fixation plate (VP) and protruding screw head (SH) 
adjacent to the FPL. The image was taken during a diagnostic injection. 
The FPL tendon is being displaced away from the SH by local anes-
thetic injected via a long-axis approach. The needle is seen as a series 
of dots below the arrow and is difficult to see because of its high angle
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Fig. 27.10  Elbow (long-axis injection). (a) Initial long-axis view of 
the triceps tendon (TrT), muscle (TrM), olecranon (O), humerus (H), 
hyaline cartilage (x), and posterior fat pad (FP). (b) Illustration of posi-
tion after rotating the upper end of the transducer 30° laterally. Medical 

illustrations by Joseph Kanasz, BFA. (c) Ultrasound image (b) showing 
triceps tendon (TrT), muscle (TrM), and needle trajectory (arrow) 
which passes through the muscle and avoids the tendon

Fig. 27.11  Elbow joint aspiration. Long-axis view of an 18-gauge 
needle taken during aspiration of 15 ml of synovial fluid from the elbow 
of a patient with gout. The effusion was located superiorly to the joint 
so all of the underlying bone seen in this image is the distal lateral 
humerus
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epicondyle. The transducer is then moved inferiorly to 
minimize the distance the needle needs to travel to the joint 
space. As usual, the thinnest possible needle is used and is 
inserted in the long axis from superiorly to inferiorly 
(Fig.  27.10b). If an aspiration needs to be performed 
(Fig. 27.11), the needle is withdrawn while anesthetizing its 
track, and a larger-gauge needle is inserted along its path.
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Ultrasound-Guided Intra-articular Hip 
Injections

Hariharan Shankar and Kashif Saeed

�Introduction

Hip pain is caused by many conditions, including 
osteoarthritis (OA), rheumatoid arthritis, and acetabular 
labral tears. Incidence of hip OA is expected to increase over 
time with the aging population and with the increase in obe-
sity in the United States. Overall, 14.3% of US adults aged 
60 years and older reported significant hip pain on most days 
over the previous 6 weeks [1]. Management options for pain 
in the hip include analgesics, including nonsteroidal anti-
inflammatory agents, intra-articular steroids, and viscosup-
plementation and hip replacement for advanced stages [2]. 
Intra-articular injections are performed based on landmarks 
or using fluoroscopy, CT, and ultrasound imaging [2–8]. This 
chapter discusses the various imaging methods, their advan-
tages and disadvantages, and finally the technique for 
ultrasound-guided intra-articular hip injections.

�Anatomy of the Hip Joint

The hip joint is a synovial joint that permits movement in all 
directions because of the “ball and socket” configuration of 
the femoral head and the acetabulum. The depth of the ace-
tabular cavity is enhanced by the fibrocartilaginous labrum 
that lines the rim. The ligamentum teres femoris attaches the 
center of the femoral head to the acetabulum and hence is 
intra-articular. The capsule has various thickenings formed 
by the longitudinally oriented iliofemoral, ischiofemoral, 
and pubofemoral extracapsular ligaments.

The femoral neurovascular bundle is separated from the 
hip joint by the iliopsoas. It is located in the femoral triangle 
formed by the sartorius laterally, the adductor longus medi-

ally, and the inguinal ligament superiorly. The femoral artery 
gives off the deep femoral artery, which divides into the 
medial and lateral circumflex arteries supplying the femoral 
head and neck. The posterior division of the obturator artery 
also contributes a major branch traversing the ligamentum 
teres and supplying the femoral head.

Branches from the femoral, obturator, and sciatic nerves 
provide articular branches to the hip joint.

�Intra-articular Hip Injections

Some of the commonly adopted methods of providing tem-
porary pain relief in hip joint pain are the injection of local 
anesthetics, steroids, and viscosupplementation. Intra-
articular injection of local anesthetics facilitates the identifi-
cation of the source of pain [9, 10]. Precision in the injection 
contributes significantly to its diagnostic value. Intra-
articular steroid injections decrease pain and inflammation 
[11]. Robinson et  al. compared two different doses of ste-
roids with fluoroscopic guidance in 120 patients and found 
that there is a dose response to the effectiveness of intra-
articular steroid injections in increasing range of motion and 
pain relief [12]. Viscosupplementation is injecting hyaluro-
nate into the joints to improve lubrication and relieve pain; it 
thus may delay joint replacement [13]. Although extensively 
studied for knee joints, there are few reports on the use of hip 
joint viscosupplementation. Two randomized controlled 
studies on the use of viscosupplementation did not find any 
benefit in hip OA [14, 15]. A retrospective study by Park 
et al. compared intra-articular ketorolac versus corticosteroid 
injection for hip OA and noted comparable outcomes at 
6 months [16].
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�Limitations of the Blind Technique

Because the hip joint is deeply located, blind landmark-based 
injections suffer from a lack of accuracy, in addition to the 
possibility of damage to neurovascular structures in proxim-
ity to the joint. With the anterior approach, the needle is very 
close to the femoral nerve and may sometimes impale the 
nerve. The reported success rate with landmark-based injec-
tions varies from 50% to 80% depending on the technique 
and the practitioner. Leopold et al. placed needles into the 
hip joints of cadavers based on landmarks and found that the 
needle passed within 4.5 mm of the femoral nerve with an 
anterior approach and 58.9 mm with the lateral approach [3].

This risk begs for the use of image guidance for intra-
articular hip injections. Utilizing fluoroscopy or CT guid-
ance for the performance of these injections entails cost 
considerations as well as radiation exposure to both the 
patient and the practitioner [6, 7]. In addition, although fluo-
roscopy is extensively used for intra-articular injections, it 
does not permit visualization of the neurovascular bundle.

�Evidence for Ultrasound-Guided Hip 
Injections

Experimentation with the use of ultrasound led to its use in 
diagnostic musculoskeletal imaging and naturally transi-
tioned to needle guidance. Ultrasound machines are porta-
ble, relatively inexpensive, have no known major bioeffects 
in humans, and permit delineation of soft tissue structures 
besides bone. Sonography has been shown to be useful in 
diagnosing various pathologies, including arthritis, soft tis-
sue masses, effusion, and labral tears, besides facilitating 
joint aspiration of effusions [17, 18].

Hoeber et  al. conducted the first systematic review and 
meta-analysis that revealed a significantly higher accuracy 
for ultrasound-guided hip injections compared with blind 
technique [19]. The accuracy of ultrasound-guided hip injec-
tions reported in multiple studies is between 97% and 100% 
[20–23]. Another smaller study also attests to the effective-
ness of ultrasound guidance for intra-articular hip injections 
[23]. In addition, Pourbagher et al. confirmed intra-articular 
hip hyaluronate injection under ultrasound guidance with 
postinjection CT verification [22].

Fluoroscopy has been the standard for intra-articular hip 
injections, but when Byrd et al. compared it with ultrasound 
guidance, they reported higher patient convenience scores 
with the use of ultrasound and a patient preference for 
ultrasound-guided injections [24].

Along with effectiveness, ultrasound guidance for hip 
injections provides additional safety measures. Sofka et al. 
conducted a retrospective review of 358 adult hip 

ultrasound-guided aspirations/injections and found no cases 
of inadvertent vascular or femoral nerve puncture [25]. 
Similarly, Berman et al. reported no major complications in 
800 successful sonographically guided hip injections [26].

�Technique of Ultrasound-Guided Hip 
Injections

The authors prefer the anterior sagittal approach. The patient 
is positioned supine, with the hip maintained in the neutral 
position; a pillow beneath the knee may provide some com-
fort and relax the joint.

A curved array transducer is typically used. In patients 
with a smaller body habitus, a linear array transducer with 
higher frequencies may provide better resolution. The fre-
quency is adjusted for the depth of penetration required to 
visualize the femoral head and neck. The target for injection 
is the anterior synovial recess, which is located at the junc-
tion of the femoral neck and the femoral head. Effusions may 
sometimes be seen at this location as hypoechoic areas.

The hip joint may be visualized by starting from the shaft 
of the femur in a transverse view and working up to the 
intertrochanteric level. Then the transducer is moved medi-
ally and rotated to align with the head of the femur. An alter-
native approach, called the anterior sagittal approach, 
involves moving the transducer oriented longitudinally, 
from the lateral edge of the thigh to the medial until the head 
of the femur is seen as a hyperechoic, curved line. Subsequent 
fine-tuning to orient the transducer along the neck provides 
visualization of the hip joint (Fig.  28.1). Cephalad to the 
femoral head, the labrum may be seen as a triangular, 
hyperechoic structure.

Fig. 28.1  Anterior longitudinal ultrasound view of the hip joint, show-
ing the head of the femur, neck, acetabulum, and the capsule
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An initial scout scan is performed to identify the 
neurovascular bundle and the location of the femoral head 
and neck (Fig. 28.2). Color Doppler sonography should be 
used to exclude any blood vessels, especially the circumflex 
artery, in the needle path (Fig. 28.3).

The skin is prepped with either chlorhexidine gluconate 
or betadine, and sterile drapes are placed. After identification 
of the location, orientation, and depth of the femoral head 
and neck, the transducer is placed in a sterile sheath with an 
adequate amount of water-soluble gel. A sterile 3.5-inch spi-
nal needle is introduced either in-plane or out-of-plane 
depending on individual preference and comfort (Fig. 28.4).

Hydrolocalization may permit identification of the loca-
tion of the needle tip. The ultrasound view of the femoral 
head may reveal arthritic changes. During real-time injection, 

the local anesthetic and steroid mixture may appear 
hyperechoic, and spread is visualized anteriorly beneath the 
capsule (Fig. 28.5).

An alternative lateral approach has been described, in 
which the needle is advanced in-plane from the lateral side 
with the patient lying with the affected side up and the trans-
ducer placed anteriorly.

�Conclusions

Visualization of the target site and the surrounding structures 
ensures improved patient care and demonstrates evidence for 
the procedural competency of the operating clinician. 

Fig. 28.2  Ultrasound view of an internally rotated normal hip joint, 
with color flow Doppler showing the femoral vessels. The transducer 
was placed more medially than normal to get the vessels and the joint in 
one view

Fig. 28.3  Anterior longitudinal sonographic view of the hip joint, with 
color flow Doppler showing the circumflex vessels

Fig. 28.4  Ultrasound view of a severely arthritic hip showing the fem-
oral head as an irregular, hyperechoic shadow. The arrowheads indicate 
the 25 G spinal needle

Fig. 28.5  Ultrasound view of the hip joint after a steroid injection 
showing the injectate as a hyperechoic shadow. The arrowheads point 
to the 25 G spinal needle
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Although landmark-based and fluoroscopy-guided 
intra-articular injections provide some visualization, they 
have attendant risks. Ultrasound imaging can safely and 
effectively provide real-time needle guidance for hip joint 
injections while avoiding neurovascular injury and radiation 
exposure.
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Ultrasound-Guided Knee Injections

Mark-Friedrich B. Hurdle

�Introduction

Intra-articular knee injections as well as other peripheral 
joint injections have been successfully utilized for several 
decades [1]. Knee injections may be completed for both 
diagnostic and therapeutic goals. More recently, in 1997 
exogenous high molecular weight hyaluronan viscosupple-
mentation was approved to treat knee osteoarthritis in the 
United States by the FDA.

�Limitations of the Current Surface 
Landmarks Technique

Incorrect placement of hyaluronic acid may lead to increased 
pain and reduced therapeutic effect [2]. Unlike corticoste-
roids, hyaluronic acid has little effect if injected in periartic-
ular tissue [3]. While injecting multiple joints and using 
contrast with follow-up radiographs to determine their accu-
racy, Jones et al demonstrated that 66% knee joint injections 
were intra-articular, and almost a third of the injections were 
extra-articular [4]. In a study designed to measure the accu-
racy of intra-articular knee joint injections, Jackson et  al 
demonstrated that blind injections through the lateral mid-
patellar portal were most accurate 93% of the time, while the 
anterior medial and anterior lateral approaches were only 
accurate 75% and 71%, respectively [5]. To date there is only 
one article evaluating the accuracy of ultrasound-guided 
intra-articular knee injections. Im et al reported 96% accu-
racy with US guidance vs. 77% accuracy with blind injec-
tions [6].

�Technique for Ultrasound-Guided Knee Joint 
Injection

The patient is placed in the supine position with a pillow or 
support under the knee so the joint is flexed roughly 30°. A 
high-frequency linear probe is utilized to scan the suprapa-
tellar and lateral pouches for an effusion (Figs. 29.1, 29.2, 
29.3, 29.4, 29.5, 29.6, and 29.7). If an effusion is localized, 
this hypoechoic fluid collection becomes the target for the 
aspiration and injection. Typically, a subclinical effusion can 
be visualized under the quadriceps tendon just proximal to 
the patella. These effusions can be visualized by placing a 
linear probe on the patella in the transverse position and gen-
tly sliding proximally until the quadriceps tendon is visual-
ized (Fig.  29.1). By avoiding excessive sonopalpation 
(compression), subtle effusions can be visualized without 
blotting out the capsular fluid. Deep to the quadriceps tendon 
between the quadriceps fat pad and prefemoral fat pad, the 
collapsed joint recess or joint effusion can be visualized in 
the short axis by turning the probe 90° (Fig. 29.2). The probe 
is kept in the transverse plane while the skin lateral to the 
probe is palpated (Fig. 29.6). Based on this tissue movement 
with palpation lateral to the probe under US visualization, a 
needle pathway is predetermined to avoid having to stick a 
needle through the quadriceps tendon. This area is then 
marked and prepped in a sterile fashion. Drapes are then 
applied. To minimize pain, a 25–27-gauge needle is used to 
administer lidocaine subcutaneously. Next a 22- or 25-gauge 
needle is advanced into the joint recess or effusion.

A test dose containing 1–2 ml of local anesthetic can be 
utilized to confirm proper intrasynovial needle tip place-
ment. Fluoroscopic confirmation can also be obtained with 
a lateral view of the knee joint (Fig. 29.7). There should be 
minimal resistance while 2–6 ml of viscosupplementation 
or corticosteroid is injected. A medial patellar approach 
was also described with the knee fully extended [6] 
(Figs. 29.8 and 29.9).
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Fig. 29.1  Long-axis view of the proximal anterior knee with a sub-
clinical effusion (asterisk). QT quadriceps tendon, P patella, QFP 
quadriceps fat pad, PFP prefemoral fat pad, F femur

Fig. 29.2  Short-axis view of the proximal anterior knee with a sub-
clinical effusion (asterisks) in the suprapatellar pouch. QT quadriceps 
tendon, P patella, QFP quadriceps fat pad, PFP prefemoral fat pad, HC 
hypoechoic hyaline cartilage

Fig. 29.3  Transverse view on the lateral side of the patella. Arrowheads 
lateral patellar retinaculum, P patella, LC lateral femoral condyle, 
asterisks collapsed joint space

Fig. 29.4  Transverse view of the lateral pouch with a well-defined 
effusion

Fig. 29.5  Transverse view of lateral patella and a needle placed in the 
medial portion of the lateral pouch
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Fig. 29.6  Short-axis approach to the suprapatellar pouch from lateral 
to medial

Fig. 29.7  Fluoroscopic confirmation of suprapatellar pouch approach 
under US guidance

Fig. 29.8  Transverse view of mid-medial patella. Site of the medial 
patellar portal approach described by Im. F femur, H Hoffa’s fat pad, P 
patella, asterisk joint space

Fig. 29.9  Fluoroscopically confirmed patellofemoral approach with 
contrast flowing freely between the patella and femur

�Conclusion

In conclusion, blind knee injections are relatively accurate in 
skilled hands. However, guided injections should be seriously 
considered when a definitive diagnosis is needed, synovial 
fluid is required, biologic material with  regenerative  quali-
ties is injected or viscosupplementation is utilized.
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�Introduction

Pathology of peripheral nerves can occur secondary to a 
variety of etiologies, including mechanical entrapment, com-
pression by external factors, trauma, infectious and inflam-
matory causes, neoplasm, or as a complication of surgery. 
Clinical evaluation often begins with a detailed history and 
focused physical exam and may include electrodiagnostic 
studies or advanced imaging. With recent innovations in MRI 
techniques, high-resolution MRI of peripheral nerves is pos-
sible and is often referred to as “MR neurography.” MR imag-
ing can demonstrate both primary signs of nerve injury and 
secondary signs such as muscle denervation. Ultrasound can 
be used as a complementary or alternative imaging modality 
for diagnostic evaluation of peripheral nerves. Advantages of 
ultrasound include dynamic assessment of peripheral nerves, 
easy evaluation of the contralateral side for comparison, and 
utility in patients who cannot tolerate MRI or in cases where 
MRI is limited by metallic hardware. Ultrasound can also be 
used to guide diagnostic and therapeutic perineural injections 
with anesthetic and/or corticosteroids. This chapter reviews 
ultrasound findings of peripheral nerve pathology.

�Technique

Diagnostic peripheral nerve ultrasound should be performed 
by an experienced physician. The patient should be placed in 
a comfortable position to optimize imaging of the nerve in 

question. Typically, a high-frequency transducer (usually 
12–18  MHz) is utilized. For deeper nerves, a 9-MHz 
transducer can be used. Images can be obtained in either 
grayscale or chromatic scale, depending on physician prefer-
ence. Both transverse and longitudinal imaging of the nerve 
should be obtained. Dynamic sonography, if indicated, can 
be performed by gently maneuvering the patient’s limb to 
demonstrate nerve subluxation or mechanical impingement. 
Sonopalpation can be applied to assess reproducibility of the 
patient’s symptoms. For subtle findings, imaging of the con-
tralateral nerve may be helpful for comparison. Vascular 
Doppler imaging may also be useful to help distinguish very 
small nerves from vessels.

�Nerve Anatomy

Peripheral nerves are composed of individual axons, which 
are bundled together to form a fascicle. Several fascicles 
are grouped together to form the nerve, which is wrapped 
in a layer of connective tissue called the epineurium. On 
ultrasound, nerve anatomy can be appreciated up to the fas-
cicular level. Transverse sonography of a normal peripheral 
nerve will demonstrate a typical “honeycomb” appearance 
with hypoechoic individual fascicles and a surrounding 
echogenic epineurium. Longitudinal sonography should 
demonstrate the nerve in continuity, with even caliber along 
its course (Fig. 30.1).

�Nerve Injury

Nerve injury can be characterized according to the 
Seddon and Sunderland classification Scheme [1]. 
Neurapraxia, the mildest type of nerve injury, affects 
only the myelin sheath. Corresponding ultrasound findings 
may include nerve thickening and fascicular enlargement. 
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Effacement or disruption of nerve fascicles suggests axo-
notmesis, axonal rupture with an intact supporting con-
nective tissue scaffold. Ultrasound findings may include 
nerve enlargement, fascicular enlargement, and loss of 
internal fascicular architecture. An intact epineurium 
should be present. Finally, neurotmesis represents total 
nerve severance and can be seen on ultrasound as discon-
tinuity of the nerve.

�Neuritis

Neuritis is a broad term used to describe inflammation of any 
nerve, resulting in pain or other sensory or motor dysfunc-
tion. Peripheral nerve neuritis can be caused by trauma, iat-
rogenic injury, infection, or mechanical impingement, or it 
can be idiopathic. On ultrasound, neuritis is characterized by 
focal nerve enlargement and abnormal fascicular appearance 
(Fig. 30.2). In subtle cases, comparison to a normal contra-
lateral side may prove helpful.

�Nerve Subluxation

Dynamic ultrasound is extremely useful for diagnosing nerve 
subluxation or dislocation. Evaluation of ulnar nerve sublux-
ation at the elbow, for example, is a common request. Although 
ulnar nerve subluxation at the elbow is asymptomatic in many 
cases, it can predispose to nerve injury (Fig.  30.3) [2]. 
Sonographic evaluation of the elbow at the level of the medial 
epicondyle should be performed with slow flexion and exten-
sion to demonstrate potential subluxation of the ulnar nerve 
anterior to the medial epicondyle and subsequent “snap” back 
into the cubital tunnel (Fig. 30.4). Concomitant subluxation of 
the medial head of the triceps may be observed in some patients.

�Nerve Entrapment/Impingement

Anatomic peripheral nerve entrapment occurs when a 
nerve courses through a constricted space secondary to 
osseous, ligamentous, or fibrous constraints. For example, 

Fig. 30.1  (a) Anatomy of a peripheral nerve. Transverse (b) and longi-
tudinal (c) ultrasound demonstrates the normal sonographic appearance 
of a peripheral nerve, with hypoechoic fascicles and surrounding echo-
genic epineurium. The typical “honeycomb” appearance of peripheral 

nerves is appreciated on transverse imaging. Longitudinal ultrasound 
demonstrates normal nerve size and continuity along its course. (a, 
original artwork by Dr. Victoria Young)
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entrapment of the medial nerve within the carpal tunnel is 
a common indication for sonographic evaluation 
(Fig.  30.5). Other potential entrapment sites include the 
ulnar nerve in Guyon’s canal or in the cubital tunnel and 
the tibial nerve at the ankle in tarsal tunnel syndrome. 
Ultrasound findings of nerve entrapment may include seg-
mental nerve swelling and pain upon sonopalpation 
(Figs. 30.6 and 30.7). Denervation effect and muscle atro-

phy may be seen in cases involving peripheral nerves with 
motor function and can be demonstrated on ultrasound as 
increased echogenicity of the affected muscle [3].

Nerve entrapment can also occur secondary to multiple 
nonanatomic factors. Osseous fracture fragments, osteo-
phytes, and metallic hardware may impinge on a periph-
eral nerve, leading to nerve injury and dysfunction. 
Similarly, neoplasm, hematoma, or ganglion cyst can 

Fig. 30.2  (a) Ultrasound demonstrates diffuse thickening of the radial nerve within the mid-arm. (b) Normal sonographic appearance of the radial 
nerve in a different patient

Fig. 30.3  Transverse (a) and longitudinal (b) ultrasound of the elbow 
in a patient with clinical history of cubital tunnel syndrome demon-
strates segmental enlargement of the ulnar nerve within the cubital tun-
nel. On longitudinal imaging, the normal size of the ulnar nerve can be 

appreciated distally. (c) Transverse posterior ultrasound of the elbow in 
a different, asymptomatic patient demonstrates normal appearance and 
positioning of the ulnar nerve within the cubital tunnel

Fig. 30.4  Dynamic ultrasound of the ulnar nerve at the cubital tunnel demonstrates ulnar nerve subluxation. On extension imaging (a), the ulnar 
nerve is visualized within the cubital tunnel. Upon flexion imaging (b), however, the ulnar nerve is seen subluxating over the medial epicondyle
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Fig. 30.5  (a) Ultrasound of the wrist in a 55-year-old woman with 
tingling in her fingers demonstrates focal enlargement and loss of fas-
cicular architecture of the median nerve within the carpal tunnel. (b) 

Axial MR image confirms enlargement and signal hyperintensity of the 
median nerve within the carpal tunnel

Fig. 30.6  (a) Ultrasound in a patient with clinical symptoms of 
posterior interosseous nerve (PIN) syndrome demonstrates 
marked thickening and loss of internal fascicular architecture of 
the posterior interosseous nerve. (b) Distally, the posterior inter-
osseous nerve resumes normal size. The posterior interosseous 
nerve is the deep branch of the radial nerve and passes between 

the two heads of the supinator muscle deep to the arcade of 
Frohse, where it is susceptible to entrapment. (c) Ultrasound of 
the radial nerve demonstrates normal size and echogenicity. (d) 
Ultrasound of the contralateral limb, shown for comparison, dem-
onstrates normal size and echogenicity of the contralateral poste-
rior interosseous nerve
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Fig. 30.7  Longitudinal (a) and transverse (b) ultrasound demonstrate 
enlargement of the pronator teres muscle with compression of the 
underlying median nerve (arrows). Longitudinal (c) and transverse 

(d) ultrasound of the contralateral side, shown for comparison, demon-
strates normal appearance of the pronator teres muscle and the median 
nerve (arrows)

exert mass effect with subsequent nerve injury. Ultrasound 
can directly demonstrate impingement on a peripheral 
nerve as well as primary findings of nerve injury such as 
segmental nerve swelling and loss of fascicular 
architecture.

Chronic compression secondary to external factors is 
another mechanism of nerve impingement. For example, 
in Wartenberg’s disease, the superficial branch of the 
radial nerve can be injured due to over-tightened hand-
cuffs or a watch strap, leading to sensory abnormality or 
pain (Fig.  30.8) [2]. In posttraumatic or postoperative 
cases, scar tissue may tether or even encase a peripheral 
nerve. On ultrasound, scar is identified as hypoechoic tis-
sue (Fig. 30.9).

�Nerve Transection/Neuroma

Laceration or transection of a peripheral nerve can be 
visualized on ultrasound as focal discontinuity in both 
transverse and longitudinal imaging. Adjacent soft tissue 
injury may be appreciated. In cases of traumatic injury, 
ultrasound can also be used to assess for a potential for-
eign body.

Fig. 30.8  Transverse (a) and longitudinal (b) ultrasound of the wrist in a 
middle-aged woman with paresthesias of the thumb extending from the 
dorsal radial forearm demonstrates focal thickening and hypoechogenicity 
of the superficial branch of the radial nerve, consistent with a neuroma. The 
patient reported that her symptoms were exacerbated by wearing a watch
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Fig. 30.9  (a, b) Ultrasound of the mid-arm demonstrates hypoechoic scar tissue tethering the radial nerve. The radial nerve demonstrates mild 
enlargement and loss of normal fascicular architecture

Fig. 30.10  Transverse (a) and longitudinal (b) ultrasound of the thumb 
demonstrates focal thickening, hypoechogenicity, and enlarged fasci-
cles of the ulnar digital nerve in a 40-year-old male semi-professional 

bowler, who presented with ulnar-sided thumb pain and a palpable nod-
ule. Findings are consistent with a neuroma of the ulnar digital nerve of 
the thumb

Fig. 30.11  Longitudinal (a) and transverse (b) ultrasound of the knee 
demonstrates focal thickening, hypoechogenicity, and loss of normal 
fascicular architecture of the common peroneal nerve (CPN, arrow), 

consistent with a posttraumatic neuroma. The tibial nerve (TN) is nor-
mal in size and appearance

If nerve fibers abnormally regenerate after transection 
or traumatic injury, a neuroma may form, and it can be 
painful. Ultrasound findings of neuroma include fusi-
form, mass-like thickening of the nerve with hypoecho-

genicity, and loss of fascicular architecture (Figs. 30.10 
and 30.11). Neuromas can occur at the end of a nerve 
(stump neuroma) or in continuity along the course of the 
nerve.
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�Nerve Mass Lesions/Tumors

Ultrasound can demonstrate mass lesions of peripheral 
nerves including peripheral nerve sheath tumors, intraneural 
ganglion cysts, and fibrolipomatous hamartoma. On sonog-
raphy, schwannomas and neurofibromas both appear as a 
hypoechoic mass in continuity with the peripheral nerve 
(Fig. 30.12). Color and power Doppler imaging usually dem-
onstrates internal flow, which can help differentiate nerve 
sheath tumors from complex ganglion cysts. Neurofibromas 
may be multiple, are associated with a typical “target” 
appearance, and are usually located centrally relative to the 
nerve. In contrast, schwannomas typically demonstrate an 
eccentric location relative to the affected nerve. An enlarging 
peripheral nerve sheath tumor is concerning for potential 
malignancy and warrants further evaluation [4].

An intraneural ganglion cyst can occur within the common 
peroneal nerve with potential extension to the sciatic or tibial 

nerves. Ultrasound findings include an anechoic fluid collec-
tion along the nerve [4]. Fibrolipomatous hamartoma is a rare 
benign tumor that can involve peripheral nerves and may 
result in compression neuropathy, most commonly carpal tun-
nel syndrome. Ultrasound findings involve a fibrofatty mass 
infiltrating the affected peripheral nerve (Fig. 30.13) [5].

�Ultrasound-Guided Perineural Injection

Ultrasound-guided perineural injection of anesthetic and/or 
corticosteroid can be performed for management of neuropa-
thy. Perineural injection is typically performed with a 
25-gauge needle, although a 22-gauge spinal needle may be 
utilized for deeper nerves. The tip of the needle should be 
positioned directly adjacent to but not within the epineurium. 
Test injection with lidocaine should be performed to confirm 
accurate needle positioning. Circumferential spread of the 
injectate around the nerve is ideal.

Fig. 30.13  (a) Ultrasound of the wrist of a 20-year-old patient with 
paresthesias of the thumb, index finger, and middle finger demonstrates 
a fatty mass lesion within the median nerve. (b, c) Axial MR images 

confirm the presence of a fatty mass lesion of the median nerve. 
Findings are consistent with a fibrolipomatous hamartoma

Fig. 30.12  Longitudinal (a) and transverse (b) ultrasound in a patient with a palpable mass demonstrates a well-circumscribed mass along the 
course of the deep branch of the peroneal nerve (arrow), consistent with a nerve sheath tumor

30  Ultrasonography of Peripheral Nerves
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Occipital neuralgia is defined as a unilateral or bilateral 
paroxysmal, shooting, or stabbing pain in the posterior part 
of the scalp, in the distribution of the greater, lesser, or third 
occipital nerves. It is commonly associated with tenderness 
over the involved nerve and sometimes accompanied by 
diminished sensation or dysesthesia in the affected area [1].

The pain of occipital neuralgia may reach the fronto-
orbital area through trigeminocervical interneuronal connec-
tions in the trigeminal spinal nucleus (Fig. 31.1).

�Diagnostic Criteria

The diagnostic criteria of occipital neuralgia in the 
International Classification of Headache Disorders (ICHD-3) 
appear in Table 31.1.

�Etiology

Occipital neuralgia can have many causes:

•	 Trauma
•	 Infection
•	 Tumors
•	 Postoperative, especially after Arnold-Chiari malforma-

tion surgery or other craniocervical junction surgeries
•	 Radiofrequency ablation (RFA)
•	 Atlanto-axial joint (AAJ), rheumatoid arthritis, and sub-

luxation, as the C2 dorsal root ganglion lies over the pos-
terior medial aspect of the joint

•	 C2 nerve root and dorsal root ganglion (DRG) lesions 
(e.g., meningioma, vascular malformation)

•	 Occipital nerve entrapment

�Occipital Nerve Entrapment

The greater occipital nerve (GON) arises from the C2 dorsal 
ramus and curves around the inferior border of the inferior 
oblique muscle to ascend on its superficial surface. Then it 
penetrates the semispinalis capitis (and invariably the sple-
nius muscle) to end subcutaneously near the nuchal line by 
penetrating the trapezius muscle or the fascia [3–5]. The 
GON can be entrapped anywhere from its origin at the C2 
nerve root until it becomes subcutaneous at the trapezius 
aponeurosis.

The normative sonographic data indicate that the GON 
cross-sectional area is 2.0 ± 0.1 mm2 at C1–C2 level (range, 
1–4 mm2). The size of the GON typically remains the same 
until it branches in the occipital area. The mean GON cross-
sectional area in symptomatic patients following entrapment 
was 4.1 ± 2.6 mm2 (range, 2–13 mm2) [6].

�The Role of Ultrasound in Diagnosis 
and Treatment

�Diagnostic Ultrasound

•	 Diagnosis of occipital nerve entrapment by demonstrat-
ing enlarged, abnormal, swollen nerve [7, 8] (Figs. 31.2 
and 31.3).

•	 Diagnosis of the cause of entrapment, such as entrapment 
within the suboccipital muscles (Fig.  31.4) or impinge-
ment by an arterial aneurysm or malformation (Fig. 31.5), 
venous aneurysm or malformation (Fig. 31.6), or muscle 
lesion or mass (Fig. 31.7).

•	 Tracing the GON: The GON can be traced with ultra-
sound from its origin at the C2 nerve root all the way until 
it becomes subcutaneous at the trapezius aponeurosis. 
Lesions at the level of the C2 nerve root and dorsal root 
ganglion (DRG) may be identified (Fig. 31.8).
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Fig. 31.1  Trigeminocervical 
complex. (From Narouze [2])

Table 31.1  ICHD-3 diagnostic criteria of occipital neuralgia

A. Unilateral or bilateral pain fulfilling criteria B–E
B. Pain is located in the distribution of the greater, lesser, and/or 
third occipital nerves
C. Pain has two of the following three characteristics:
 � 1. Recurring in paroxysmal attacks lasting from a few seconds to 

minutes
 � 2. Severe intensity
 � 3. Shooting, stabbing, or sharp in quality
D. Pain is associated with both of the following:
 � 1. Dysesthesia and/or allodynia apparent during innocuous 

stimulation of the scalp and/or hair
 � 2. Either or both of the following:
 �   (a) Tenderness over the affected nerve branches
 �   (b) Trigger points at the emergence of the greater occipital 

nerve or in the area of distribution of C2
E. Pain is eased temporarily by local anesthetic block of the 
affected nerve
F. Not better accounted for by another ICHD-3 diagnosis

From The International Classification of Headache Disorders, 3rd edi-
tion [1]

Fig. 31.2  Short-axis sonogram at C1–C2 level showing a normal 
greater occipital nerve (arrows) as it runs between the inferior oblique 
muscle (IOM) and the semispinalis capitis (SSC). Trap trapezius mus-
cle, Spl splenius muscle
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�Interventional Ultrasound

•	 Ultrasound-guided occipital nerve block: The procedure 
can be performed either distally at the nuchal line 
(Fig.  31.9, position A) or more proximally between C1 
and C2 (Fig. 31.9, position B) [9]. We prefer blocking the 
GON at the C1–C2 level, where it runs between the infe-
rior oblique muscle (IOM) and the semispinalis capitis 
muscle (SSC). The GON is well identified here and can 
be easily targeted, rather than trying to identify the termi-
nal subcutaneous branches at the nuchal line. The 
procedure can be performed with the patient in either the 
prone or sitting position. A high-frequency ultrasound 

transducer is usually used, though a low-frequency 
transducer may be used, depending on body habitus. First, 
a transverse short-axis view is obtained by applying the 
transducer in the midline over the occiput and then scan-
ning caudally to identify the C1 and C2 levels. C1 lacks a 
spinous process, and the first bifid spinous process 
encountered is C2 (Fig.  31.10). Then the transducer is 
moved laterally until the suboccipital muscles are seen in 
the view. To better differentiate the IOM from the SSC, 
the lateral end of the transducer is tilted cephalad to be in 
line with the orientation of the IOM as it stretches between 
C1 and C2. By changing the transducer orientation in this 
manner, the sonogram will show the IOM in its long axis, 

Fig. 31.3  Short-axis 
sonogram at C1–C2 level 
showing a swollen greater 
occipital nerve with edema 
surrounding the nerve 
(arrows) as it runs between 
the inferior oblique muscle 
(IOM) and the semispinalis 
capitis (SSC)

Fig. 31.4  (a) Short-axis sonogram at C1–C2 level showing the greater 
occipital nerve (arrows) as it runs between the inferior oblique muscle 
(IOM) and the semispinalis capitis (SSC). (b) Short-axis sonogram at 
C1 level showing the greater occipital nerve (arrows) entrapped within 
the belly of the semispinalis capitis (SSC). Notice the enlarged nerve 

with enhanced fascicular pattern. (c) Short-axis sonogram at the occipi-
tal level showing the greater occipital nerve (arrows) as it pierces the 
trapezius muscle (Trap). Notice the swollen, enlarged nerve. Occ 
occiput, Spl splenius muscle

31  Occipital Neuralgia: Sonoanatomy and Sonopathology of the Occipital Nerves
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while obtaining a short-axis view of the SSC and thus 
clearly differentiating the two muscles and the fascial 
plane in between, where the GON can be searched for 
(Fig. 31.11).

•	 Ultrasound-guided botulinum toxin type A injections into 
the surrounding suboccipital muscles to relieve the pres-
sure on the GON. Recent studies have shown that injec-
tion of botulinum toxin A into the “presumable” sites of 
GON entrapment provided some relief in symptomatic 
patients [10, 11]. It reduced headache and somewhat 
improved the quality of life for 3 months. Our observations 

indicate that botulinum toxin may provide sustained relief 
in patients with occipital neuralgia when injected into a 
“specific” entrapment location (rather than into the site of 
potential or “presumed” entrapment). The appropriate site 
for injection may be identified with bedside ultrasound 
imaging. The normalization of biomechanics after the 
release of the occipital nerve is likely the source of the 
long-term recovery, rather than prolonged action of the 
botulinum toxin itself.

•	 Ultrasound-guided occipital peripheral nerve stimulation 
(see Chap. 34 on occipital stimulation).

Fig. 31.5  (a, b) Short-axis sonogram at C1–C2 level showing an abnormal artery (a) impinging the greater occipital nerve (arrow) as it runs 
between the inferior oblique muscle (IOM) and the semispinalis capitis (SSC). (Figure b with color Doppler)

Fig. 31.6  (a, b) Short-axis sonogram at C1–C2 level showing an abnormal vein (VV) impinging the greater occipital nerve (arrows) as it runs 
between the inferior oblique muscle (IOM) and the semispinalis capitis (SSC). (Figure b with color Doppler)
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Fig. 31.7  Short-axis 
sonogram at C1–C2 level 
showing a cyst (arrows) 
within the semispinalis capitis 
(SSC). IOM inferior oblique 
muscle

Fig. 31.8  Short-axis 
sonogram at C2 level showing 
the C2 dorsal root ganglion 
(DRG), the vertebral artery 
(VA), and the greater occipital 
nerve (GON) between the 
inferior oblique muscle (IOM) 
and the semispinalis capitis 
(SSC)

31  Occipital Neuralgia: Sonoanatomy and Sonopathology of the Occipital Nerves
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Fig. 31.9  The position and orientation of the ultrasound transducer for 
greater occipital nerve block. (a) nuchal line; (b) C1–C2 level

Fig. 31.10  Short-axis 
sonogram at C2 level. Note 
the bifid spinous process of 
C2 (arrows). IOM inferior 
oblique muscle, SSC 
semispinalis capitis muscle, 
Trap trapezius muscle
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Fig. 31.11  Short-axis sonogram at C1–C2 level. (a) The ultrasound 
transducer is in a horizontal position, so both the inferior oblique mus-
cle (IOM) and the semispinalis capitis muscle (SSC) appear in a short-
axis cut. (b) The lateral end of the ultrasound transducer is tilted 
cephalad; now the IOM appears in a long-axis cut and thus can be easily 

differentiated from the SSC, and the greater occipital nerve (GON) can 
be identified in between. C2 C2 nerve root, DRG C2 dorsal root gan-
glion, SC spinal cord at C2 level, Spl splenius muscle, Trap trapezius 
muscle, VA vertebral artery
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Ultrasound-Guided Atlanto-Axial 
and Atlanto-Occipital Joint Injections

Samer N. Narouze

�Introduction

The atlanto-axial joint accounts for up to 16% of patients 
with occipital headache. In human volunteers, distending the 
lateral atlanto-axial joint with contrast agent produces occip-
ital pain, and injection of local anesthetic into the joint 
relieves the headache [1, 2].

The clinical presentation of atlanto-axial joint pain is not 
specific and therefore cannot be used alone to establish the 
diagnosis. The only means of establishing a definite diagno-
sis is a diagnostic block with intra-articular injection of local 
anesthetic [1].

Intra-articular steroids are effective in short-term relief of 
pain originating from the lateral atlanto-axial joint [3].

�Anatomy of the Atlanto-Axial and Atlanto-
Occipital Joints

Atlanto-axial and atlanto-occipital joint intra-articular injec-
tions have the potential for serious complications, so it is 
imperative to be familiar with the anatomy of those joints in 
relation to the surrounding vascular and neural structures. 
The vertebral artery lies lateral to the atlanto-axial joint as it 
courses through the C2 and C1 foramina. Then it curves 
medially to go through the foramen magnum crossing the 
medial posterior aspect of the atlanto-occipital joint.

The C2 dorsal root ganglion and nerve root with its sur-
rounding dural sleeve cross the posterior aspect of the middle 
of the joint. Therefore, during atlanto-axial joint injection, 
the needle should be directed toward the posterolateral aspect 
of the joint. This will avoid injury to the C2 nerve root medi-
ally or the vertebral artery laterally. On the other hand, the 
atlanto-occipital joint should be accessed from the most 
superior posterior lateral aspect to avoid the vertebral artery 

medially. Meticulous attention should be paid to avoid 
intravascular injection as the anatomy may be variable. 
Inadvertent puncture of the C2 dural sleeve with CSF leak or 
high spinal spread of the local anesthetic may occur with 
atlanto-axial joint injection if the needle is directed only a 
few millimeters medially [4].

Ultrasound allows visualization of soft tissues, nerves, 
and vessels (abnormal anatomy), which has the potential to 
improve the safety of atlanto-axial and atlanto-occipital joint 
injections by decreasing the incidence or by avoiding injury 
of nearby structures [5].

�Ultrasound-Guided Atlanto-Axial 
and Atlanto-Occipital Joint Injection 
Technique

The procedure is performed with the patient in the prone 
position, using a high-frequency ultrasound transducer (low-
frequency transducer may be used depending on body habi-
tus). A transverse short-axis view is obtained by applying the 
transducer in the midline over the occiput and then scanning 
caudally to identify C1–C2 level. C1 lacks a spinous process, 
and the first bifid spinous process encountered is C2.

Then the transducer is moved laterally till the C2 nerve 
root and dorsal root ganglion (DRG) are seen; more laterally 
the C1–C2 joint (AA joint) appears in the image between the 
C2 DRG medially and the vertebral artery laterally 
(Figs.  32.1, 32.2, and 32.3). The transducer is adjusted so 
that the AA joint is in the middle of the picture, and a 
22-gauge blunt tip needle is advanced usually out-of-plane 
under real-time ultrasound guidance to target the AA joint 
just medial to the vertebral artery (Fig. 32.4). The transducer 
is then shifted to obtain a longitudinal scan at the C1–C2 
joint, and the needle tip may need to be adjusted slightly to 
enter the joint cavity under vision [6].

Alternatively, a longitudinal midline scan can be 
obtained by applying the transducer vertically in the midline 
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Atlanto-occipital
joint

Lateral atlanto-
axial joint

Vertebral artery

C2 dorsal root
ganglion

Fig. 32.1  Illustration 
showing the ultrasound 
transducer in the transverse 
plane over the atlanto-axial 
joint to obtain a short-axis 
view. (Reprinted with 
permission from Cleveland 
Clinic)

Fig. 32.2  Short-axis sonogram at the level of AA joint. VA vertebral 
artery, C2 C2 nerve root, DRG C2 dorsal root ganglion, AA joint 
atlanto-axial joint, SC spinal cord. (Reprinted with permission from 
Ohio Pain and Headache Institute)

Fig. 32.3  Short-axis sonogram with Doppler to show the vertebral 
artery (VA) just lateral to the atlanto-axial joint (AA joint). C2 C2 nerve 
root, DRG C2 dorsal root ganglion, SC spinal cord. (Reprinted with 
permission from Ohio Pain and Headache Institute)
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Atlanto-occipital
joint

Lateral atlanto-
axial joint

Vertebral artery

C2 dorsal root
ganglion

Fig. 32.5  Illustration 
showing the ultrasound 
transducer in the transverse 
plane over the atlanto-
occipital joint to obtain a 
short-axis view. (Reprinted 
with permission from 
Cleveland Clinic)

Fig. 32.4  Short-axis sonogram 
showing the needle (out-of-
plane) inside the atlanto-axial 
joint (arrowheads). VA vertebral 
artery, C2 C2 nerve root, DRG 
C2 dorsal root ganglion, AA 
joint atlanto-axial joint. 
(Reprinted with permission from 
Samer Narouze, MD, PhD (Ohio 
Institute of Pain and Headache))
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over the occiput and cervical spinous processes, and C1–
C2 level is identified as above. Then the transducer is 
moved laterally till the C1–C2 joint (AA joint) appears in 
the image; slightly laterally one can identify the vertebral 
artery. The needle is introduced just caudal to the transducer 
and advanced in-plane under real-time ultrasound guidance 
to target the AA joint just medial to the vertebral artery (the 
same approach described for cervical facet intra-articular 
injection, Chap. 7).

The author prefers the short-axis view (although, it is out-of-
plan approach) as in the same image, one can see the needle 
advancement – with real-time ultrasonography – into the joint 
between the C2 DRG medially and the vertebral artery laterally.

To image the atlanto-occipital joint (AO), in the short-axis 
view, the vertebral artery is followed cranially as it curves 
medially to enter the foramen magnum. The artery curves 
posterior and medial to the AO joint, so the joint can be 
accessed just lateral to the vertebral artery at this point 
(Fig. 32.5). However, in some patients the vertebral artery 

crosses along the whole extent of the posterior aspect of the 
AO joint from lateral to medial, making it extremely difficult 
and unsafe to access the joint. If this is the case, the proce-
dure is usually abandoned (Figs. 32.6 and 32.7).
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Fig. 32.7  Long-axis sonogram showing a cross section of the vertebral 
artery (arrow) as it crosses medially posterior to the C1 lateral mass/
atlanto-occipital (AO) joint level. (Reprinted with permission from 
Ohio Pain and Headache Institute)

Fig. 32.6  Short-axis sonogram showing the vertebral artery as it 
crosses medially posterior to the C1 lateral mass in its way to the fora-
men magnum. Note the change in the flow direction as the artery curves. 
(Reprinted with permission from Ohio Pain and Headache Institute)
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Ultrasound-Guided Peripheral Nerve 
Stimulation

Marc A. Huntoon

�Introduction

Peripheral nerve stimulation (PNS) is currently a topic of 
increased interest after decades of apparent decline. Some of 
this increased popularity can be attributed to the advent of 
new imaging techniques, including ultrasound. Two recent 
feasibility studies in fresh cadavers suggested that ultrasound 
(US) could be used to place electrodes without apparent 
nerve injury next to peripheral nerves, similar to nerve cath-
eter placement [1, 2]. These reports were followed by a small 
case series of patients receiving permanent implants, with 
generally good outcomes. US-guided placement allowed a 
percutaneous trial, preventing incision in nonresponders, and 
in many cases produced durable analgesia beyond 1  year. 
Percutaneous leads designed for spinal cord stimulation 
placed via US allowed the intraoperative testing of multiple 
different stimulation parameters. US visualization also 
allowed electrode placement superior or inferior to the nerve 
or even two parallel leads placed abreast of the nerve [3].

Historical uses of PNS came about after publishing of the 
gate control theory [4]. Wall and Sweet’s initial experiments 
with PNS essentially sought to put “gate control” to the test 
[5]. Early studies by multiple authors were promising, yet 
technical difficulties and patient selection problems were 
common [6–9]. Due to declining interest, lead design/techni-
cal improvement for peripheral nerve leads has lagged 
behind the comparative technical advances for spinal cord 
stimulation leads over the last two decades. Early versions of 
cuff electrodes and button electrodes have been largely 
replaced by the current commercial leads (flat lead with four 
circular contacts). Neurosurgical open procedures will likely 
continue to be the predominant method of placement of these 
devices. Whether the US-guided technique will serve as a 
method of trial only, will allow permanent placement in 
some anatomical areas, or will help develop the evidence 
basis for PNS remains to be answered.

�Current Evidence

There are no major prospective studies to date, which has 
been chronicled recently by Bittar and Teddy [10]. Davis 
lamented this lack of evidence in an editorial on the subject 
of peripheral neuromodulation [11]. Questions regarding the 
role of neurolysis on the analgesia seen after PNS, placebo 
effects, physical therapy effects, analgesic drug changes, or 
merely increased attention to the patients’ needs were all 
raised as possible confounding factors. The largest clinical 
series in print are those from Eisenberg et al. [12] and the 
Cleveland Clinic [9]. In Eisenberg’s series, 46 patients with 
isolated painful neuropathies received PNS. They reported 
good results in 78% of patients and poor in 22%. Visual ana-
log pain scores decreased from 69 ± 12 prior to surgery to 
24  ±  28 postoperatively [12]. Four major etiologies were 
identified: nerve lesions following operation around the hip 
or knee, entrapment neuropathy, pain following nerve graft, 
or painful neuropathy after traumatic nerve injection [12] .In 
the Cleveland Clinic series, the most notable result was the 
high requirement for surgical revision, a mean of 1.6 opera-
tions per patient [9]. In some cases, a neuroma may be the 
cause of the neuropathic pain (Fig. 33.1).

�Patient Selection and Role of Neurolysis

Patient selection for peripheral nerve procedures is of 
paramount importance. It is important to properly diag-
nose the condition, as many disorders are categorized as 
complex regional pain or “neuropathic pain” due to impre-
cise terminology. Sympathetically maintained syndromes 
may respond well to PNS implants, particularly if the pain 
is predominately in one nerve distribution [8, 9]. Pain that 
is resistant to previous surgical procedure such as transpo-
sition of the nerve and a neuroma in continuity with good 
functional preservation are other possible candidates. 
Pain that persists despite previous external or internal 
neurolysis may also be good candidates. Patients should-
have previously failed good pharmacologic therapy with 
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standard neuromodulatory drugs. External neurolysis 
refers to the removal of scar tissue around the nerve in 
circumferential fashion. If entrapment of the nerve is 
seen, it is mobilized and freed. External neurolysis poses 
little risk of fascicular injury. Nerve action potentials can 
be utilized to better assess nerve function than clinical or 
standard EMG/nerve conduction studies. Internal neurol-
ysis can be used for pain syndromes, especially if incom-
plete loss of nerve function distally is present. The risk of 
fascicular injury or disruption is higher with internal neu-
rolysis [13].

�Anatomical Considerations

One issue that complicates any peripheral nerve electrode 
placement in the four extremities is that nerves must freely 
glide within fascial/muscle planes along with their vascular 
supply as the extremity moves. Nerves can be entrapped by 
scar tissue, and the rough edges of an external electrode 
could, over time, cause constriction and scarring. Mixed 
peripheral nerves are also characterized by a complex inter-
nal fascicular arrangement. Briefly, nerve trunks may have 
sensory, motor, and mixed axons at various locations within 
the peripheral nerve. This complex cross-sectional anatomi-
cal configuration means that optimal stimulation of the 
desired sensory fascicle might, for example, be at the medial 
aspect of the ulnar nerve in a supracondylar placement but 
change location within a matter of a few millimeters to a 
posterior location. If the amplitude of stimulation is too high 
above sensory threshold, motor fascicles deeper within the 
trunk may easily be activated causing muscle cramping and/
or pain. A recent study looked at these issues more closely, 
specifically the effects of the fascicle perineural thickness, 
diameter, and position within the nerve trunk on axonal 

excitation thresholds and neural recruitment. A model of 
human femoral nerve within a nerve circumferential cuff 
electrode was studied. The study showed that stimulation of 
target fascicles is strongly dependent upon the cross-sec-
tional anatomy of the nerve being stimulated. The mean 
thickness of perineurium was 3.0  ±  1.0% of the fascicle 
diameter. Increased thickness of the human perineurium or 
larger fascicle diameter increases the threshold for electrical 
activation. If a large neighbor fascicle was present, it could 
also effect stimulation activation of the target fascicle by as 
much as 80 ± 11% [14].

�Radial Nerve Stimulation

The radial nerve is very close to the lateral surface of the 
humerus at a point 10–14 cm proximal to the lateral epicon-
dyle. The nerve is scaphoid shaped and superficial enough to 
be seen reasonably well under US. Ultrasound scanning usu-
ally begins at the elbow and, with the probe in a transverse 
orientation to the arm, continues proximally until the desired 
approach is identified. The needle can be advanced in-plane 
with the transducer to lie between the nerve and humerus. 
The lateral head of the triceps muscle is overlying the nerve 
here, and although one would desire to avoid transgression 
of large amounts of muscular tissue, there is no more optimal 
approach to the nerve in a superficial location above the 
humerus. Vascular structures including the profunda brachii 
artery and recurrent radial artery branch may be in anatomic 
proximity and should be scanned, as one would desire to 
avoid injuries to these structures [14]. The electrode(s) may 
be anchored in the superficial fascia of the triceps muscle. A 
tension loop at the site where the electrode exits the muscle 
is also desirable. Generator placement should be as close as 
possible to the leads to eliminate traction and lead migration. 
The fascicular arrangement of the radial nerve may not be 
favorable for the stimulation of more distal pain syndromes, 
e.g., the distal radial nerve sensory branch in locations above 
the elbow. In one patient in the first case series of US-guided 
stimulator placement, for example [3], the patient’s thresh-
old between sensory and motor activation was too narrow to 
be therapeutic. A de Quervain’s tenosynovectomy, for exam-
ple, may have caused injury to the superficial distal radial 
branch nerve. Thus, a better approach to stimulate this distal 
radial branch was in the mid-forearm, immediately deep to 
the brachioradialis muscle. Ultimately, the patient above [3] 
required open placement of a flat electrode at the distal 
superficial radial branch to improve her analgesia. Open 
operative findings included perineural scarring and neuroma. 
This branch could have been visualized with ultrasound near 
the radial artery where imaging may be improved by using 
color flow Doppler.

Fig. 33.1  A peroneal nerve is depicted with large neuroma. (Photo 
courtesy of Spinner, Robert J., M.D. Mayo Clinic)
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�Ulnar Nerve

The ulnar nerve is very near the surface of the skin, 
superficial to the medial head of the triceps muscle. In the 
recent anatomical feasibility studies [1, 2], the nerve was 
identified at a point 9–13 cm proximal to the medial epi-
condyle in the medial/posterior arm, a location in which it 
was usually easily identifiable and also in close proximity 
to the humerus. Ultrasound scanning can commence at the 
elbow and, with the probe in a transverse orientation to the 
arm, continue to scan more proximally until the nerve fas-
cicular arrangements can be well identified. The needle 
may be advanced from posterior to anterior on the medial 
aspect of the arm to lie between nerve and humerus, staying 
superficial to the medial head of the triceps. Often, patients 
with ulnar nerve pain syndromes such as cubital tunnel syn-
drome status-post failed transposition surgery may be good 
candidates. In these cases, the nerve may have already been 
surgically transposed, making it more easily identifiable. 
US may allow large neuromas to be visualized. The nerve 
passes into the cubital tunnel after passing into the ulnar 
groove behind the medial epicondyle. The cubital tunnel is 
formed by the aponeurotic arch of the flexor carpi ulnaris as 

its ceiling where the aponeurosis attaches to the medial epi-
condyle and olecranon, with the floor formed by the medial 
ligaments of the elbow and the flexor digitorum profundus 
muscle [14]. This area is a potential area of compression of 
the nerve.

�Median Nerve

The median nerve enters the antecubital fossa medial to the 
biceps muscle and its tendon and next to the brachial artery. 
The artery serves as a good landmark to scan the neurovascu-
lar bundle, identify the median nerve, and continue to scan 
distally. In the upper forearm at a point approximately 
4–6  cm distal to the antecubital crease, the nerve passes 
between the two heads of the pronator teres muscle and then 
passes under the sublimis bridge of the two heads of the 
flexor digitorum superficialis (Fig. 33.2). There are numer-
ous potential neural fascicular communications between the 
median and ulnar nerves which are often in the forearm. The 
most important one is the Martin-Gruber anastomosis. Most 
of these Martin-Gruber anastomoses involve fibers from the 
median nerve passing to the ulnar nerve, with the reverse 

Fig. 33.2  (a) Cross-sectional anatomy of the median nerve approxi-
mately 4–6 cm distal to the antecubital fossa in the upper forearm. (b) 
A long axis in-plane US approach to the median nerve is depicted, 
keeping the needle and electrode closer to the muscle and avoiding the 

ulnar artery. (c) Fresh cadaver dissection after US-guided electrode 
placement. Anatomical entry site approximately 4–6 cm distal to the 
antecubital fossa (anchor sutured to superficial fascia) showing a lead 
placed longitudinally and lying anterior to the median nerve
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Fig. 33.3  (a) Cross-sectional anatomy and technique of short-axis US 
visualization, with perpendicular electrode placement to cover both the 
tibial and common peroneal nerves. (b) An enlarged view of US view in 
(a). (c) Anatomical dissection of electrode placement just distal to sci-

atic bifurcation similar to (a) and (b) but passing between the tibial and 
common peroneal (CP) nerves. Note that two electrical contacts can be 
seen under the tibial and common peroneal nerve branches. The forceps 
are on the CP more distally
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much less common. Other anomalous connections may exist 
as well. Interestingly, the very first series of PNS5 likely 
involved some type of abnormal connection, with both 
median and ulnar sensory distributions being stimulated by 
the application of stimulation to the ulnar nerve.

Median nerve stimulation may be accomplished either 
superior to the elbow or inferior. Stimulation below the 
elbow might encounter one of these aberrant anastomoses or 
stimulate the nerve between the pronator heads where com-
pression may be more likely.

�Sciatic Nerve at Popliteal Bifurcation

The common peroneal nerve may be identified at its branch 
point from the sciatic nerve, a point 6–12 cm proximal to the 
popliteal crease. Ultrasound scanning usually commences at 
the popliteal crease and, with the probe in a transverse orien-
tation to the leg, continued proximally until the desired nerve 
is identified. Either transverse or longitudinal placement can 
be utilized, with transverse placement being more forgiving 
of movement, but a greater number of possible electrodes 
contacting the nerves with longitudinal placement. Location 
of the popliteal artery is noted to avoid vascular puncture 
during electrode placement. The needle may be advanced 
from posterolateral to anteromedial in a slightly oblique 
plane, attempting to avoid passing through the biceps femo-
ris muscle (Fig. 33.3). The area distal to the bifurcation of 
the sciatic nerve, a short distance beyond the tibial branch is 
reasonably easily seen with ultrasound. The electrode can be 
anchored on the fascia of the biceps femoris muscle. During 
anatomical feasibility studies, the area near the fibular head 
was also evaluated for potential US-guided placements, but 
there is very little room to maneuver anatomically, and cur-
rent leads are not well designed for this area. Supramalleolar 
areas may be attractive sites to target the superficial peroneal 
nerve but have not yet been attempted.

�Posterior Tibial Nerve

The posterior tibial nerve can also be approached more dis-
tally in the leg. Approximately 8–14  cm proximal to the 
medial malleolus, the nerve is in close proximity to the tibi-
alis posterior muscle, the digitorum profundus, one or two 
large veins, and the flexor hallucis longus. Ultrasound scan-
ning usually begins at the ankle near the medial malleolus, 
with the probe in a transverse orientation to the leg, and is 
then continued proximally until the desired approach is iden-
tified. Location of the posterior tibial artery is noted to avoid 
vascular puncture during electrode placement. The needle 
may be advanced from anterior to posterior along the medial 
aspect of the ankle to lie just superficial (or deep) to the 
nerve. Care should be taken to minimize trauma to 

surrounding tissues and avoid transgression of these muscu-
lar structures. The pulse generator may be placed superficial 
to the fascia of the medial gastrocnemius muscle.

�Conclusion

PNS may be accomplished using minimally invasive guid-
ance. In general, performing permanent implantations should 
continue to be done in open fashion until both significant 
clinical experience is accomplished and long-term outcomes 
are clearer. Future prospective double-blinded studies and 
development of new electrodes may be helpful in furthering 
this minimally invasive technique.
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Ultrasound-Guided Occipital 
Stimulation

Samer N. Narouze

�Introduction

Occipital neurostimulation (ONS) or greater occipital nerve 
(GON) stimulation offers the potential for a minimally inva-
sive, low-risk, and reversible approach to manage intractable 
headache disorders. It has been used successfully in the 
treatment of occipital neuralgia, migraine, cluster headache, 
and other headache disorders [1–3].

�Limitations of the Current ONS Technique

The major technical problem with ONS other than lead 
migration is stimulation-induced neck muscle spasm, which 
is very uncomfortable and painful [4]. This depends on the 
level as well as the depth of the implanted lead, which cannot 
be controlled by fluoroscopy. On the contrary, the author 
found that ultrasonography is very valuable in identifying 
subcutaneous tissue and various muscle layers, and the GON 
can be easily seen at the C1–C2 level between the inferior 
oblique muscle (IOM) and the semispinalis capitis (SSC) [5] 
(Fig. 34.1).

�Anatomy of the GON

The GON arises from C2 dorsal ramus and curves around the 
inferior border of the IOM to ascend on its superficial sur-
face. Then it penetrates the SSC and invariably the splenius 
muscle to end subcutaneously near the nuchal line by pene-
trating the trapezius muscle or the fascia [6–8].

The classical technique for occipital nerve stimulation 
describes lead placement in the subcutaneous tissues at C1 
level [1]. Traditionally, the lead is placed with fluoroscopy; if 
the lead is too superficial, one may experience unpleasant 

dysesthesias in the overlying skin area, and if placed deep, it 
may invariably penetrate the occipital muscles, which usu-
ally leads to painful muscle spasms upon stimulation 
(Fig. 34.2).

�Occipital Field Stimulation Versus Peripheral 
Nerve Stimulation

Ultrasound-guided technique will enable the lead to be 
placed subcutaneously near the nuchal line where the GON 
is superficial without intervening muscle. As one cannot reli-
ably visualize the GON at the nuchal line level and the lead 
is placed subcutaneously, we refer to this approach as “occip-
ital field stimulation.” On the other hand, the GON can be 
recognized, and the lead can be placed intentionally between 
the inferior oblique and semispinalis muscle (where the 
nerve runs) at C1–C2 level. In the latter case, the GON can 
be stimulated with minimal settings, and this can save the 
life of the battery; however, any attempt at increasing the 
stimulation will result in muscle stimulations and spasms. 
We refer to this latter approach as “occipital PNS” (Fig. 34.3).

�Technique of US-Guided ONS Lead Implant

The procedure is performed with the patient in the prone 
position (for bilateral leads) or lateral decubitus (for uni-
lateral leads), using a high-frequency ultrasound trans-
ducer (low-frequency transducer may be used depending 
on body habitus). A transverse short-axis view is obtained 
by applying the transducer in the midline over the occiput 
and then scanning caudally to identify C1–C2 level. C1 
lacks a spinous process, and the first bifid spinous process 
encountered is C2.

Then the transducer is moved laterally to identify the vari-
ous layers of the suboccipital muscles, and the GON can be 
easily visualized between the SSC and the IOM (Figs. 34.1 
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Fig. 34.1  Short-axis sonogram at C1 level showing the greater occipi-
tal nerve (arrow head). IOM inferior oblique muscle, SSC semispinalis 
capitis, Spl splenius muscle, Trap trapezius muscle, SC subcutaneous 
tissue, Med. medial, Lat. lateral. Note at this level the GON is more than 
1 cm deep to the subcutaneous tissue (the semispinalis capitis muscle is 
in between). (Reprinted with permission from Samer Narouze, MD, 
PhD (Ohio Institute of Pain and Headache))

Fig. 34.2  Another short-axis sonogram at C1 level showing the greater 
occipital nerve (arrow) and an occipital artery branch (OA). IOM infe-
rior oblique muscle, SSC semispinalis capitis. Note at C1 level the GON 
is separated from the subcutaneous tissue by the semispinalis capitis 
(SSC) muscle

Fig. 34.3  Short-axis sonogram at C1 level showing the lead (arrow 
heads) placed between the semispinalis capitis (SSC) muscle and the 
inferior oblique muscle (IOM). Med. medial, Lat. lateral. (Reprinted 
with permission, Cleveland Clinic Center for Medical Art & 
Photography© 2009–2010. All rights reserved)

Fig. 34.4  Fluoroscopic confirmation of the lead placement for greater 
occipital nerve stimulation. (Reprinted with permission, Ohio Pain and 
Headache Institute)
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and 34.2). The needle is then introduced in-plane, and the 
lead is navigated in the plane between the SSC and IOM 
(Fig. 34.2). This can be confirmed with fluoroscopy if needed 
(Fig. 34.4). On stimulation, the patient will feel paresthesias 
in the distribution of the GON at minimal settings (PNS 
stimulation) compared to the subcutaneously placed lead 
(field stimulation), which usually require much higher set-
tings that deplete the battery sooner.
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Ultrasound-Guided Groin Stimulation

Samer N. Narouze

�Introduction

Groin neurostimulation or ilioinguinal, iliohypogastric, and 
genitofemoral nerve stimulation offers the potential for a 
minimally invasive, low-risk, and reversible approach to 
manage intractable neuropathic pain in the groin and pelvic 
areas [1]. Recently, the author has been using groin neuro-
stimulation successfully in the treatment of postherniorrha-
phy neuropathic pain.

�Limitations of the Current Technique

The procedure is performed either blindly with the help of sur-
face landmarks or under fluoroscopy. In both techniques, the 
depth of the lead placement cannot be reliably determined. If 
superficial, the patient will feel unpleasant burning sensations in 
the skin, and if deep in the muscles, the patient will have painful 
muscle contractions and lack of efficacy from the stimulation.

�Anatomy of the Ilioinguinal 
and Iliohypogastric Nerves

Please refer to Chap. 16 on ultrasound-guided blocks for pel-
vic pain.

�Groin Field Stimulation Versus Peripheral 
Nerve Stimulation

Ultrasound-guided technique will enable the lead to be 
placed subcutaneously superficial to the abdominal muscles; 
this technique is called “groin field stimulation.” In this case, 

the patient usually feels paresthesias only in the groin area, 
and this may help in cases with neuroma formation in the 
surgical scar after herniorrhaphy.

On the other hand, the plane between the internal 
oblique muscle (IOM) and transversus abdominis muscle 
(TAM) (the IL and IH nerves run in this plane) can be 
recognized, and the lead can be placed intentionally in 
this plane between the two muscle layers; this is called 
“ilioinguinal/iliohypogastric peripheral nerve stimulation 
(PNS).” In this latter scenario, upon stimulation, the 
patient will feel paresthesias along the territory of the 
nerves and down into the testicle. We prefer this approach 
in cases of ilioinguinal entrapment neuropathy with tes-
ticular pains.

�Technique of Ultrasound-Guided IL/IH PNS 
Lead Implant

The procedure is performed with the patient in the supine 
position, using a high-frequency linear ultrasound transducer 
(low-frequency curved transducer may be used depending on 
body habitus). A transverse short-axis view is obtained by 
applying the transducer over the groin area just medial to the 
anterior superior iliac spine.

Then the transducer is moved medially to identify the 
various layers of the abdominal wall muscles (Fig.  35.1). 
Sometimes the ilioinguinal and iliohypogastric nerves can 
be recognized between the IOM and the TAM (see Chap. 
21). The needle is then introduced in-plane, and the lead is 
navigated in the plane between the IOM and TAM 
(Fig.  35.2). This can also be confirmed with fluoroscopy 
(Fig. 35.3). On stimulation, the patient will feel paresthesias 
in the distribution of the IL/IH at minimal settings “PNS 
stimulation” compared to the subcutaneously placed lead 
“field stimulation” (Fig. 35.2).S. N. Narouze (*) 
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Fig. 35.1  Short-axis sonogram of the right groin at the level of the 
anterior superior iliac spine (ASIS). SC subcutaneous tissue, EOM 
external oblique muscle, IOM internal oblique muscle, TAM transver-
sus abdominus muscle, IM iliacus muscle. (Reproduced with permis-
sion from Ohio Pain and Headache Institute. Reprinted with permission, 
Ohio Pain and Headache Institute)

Fig. 35.2  (a) Subcutaneous lead placement for groin “field” stimula-
tion. (b) “PNS” lead placement in the plane between the internal 
oblique muscle (IOM) and the transversus abdominus muscle (TAM). 
ASIS anterior superior iliac spine, SC subcutaneous tissue, EOM exter-
nal oblique muscle, IM iliacus muscle. (Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography© 2010. All 
rights reserved)

Fig. 35.3  Fluoroscopic confirmation of the lead placement for ilioin-
guinal and iliohypogastric nerve stimulation. (Reprinted with permis-
sion, Ohio Pain and Headache Institute)
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Ultrasound-Assisted Cervical 
Diskography and Intradiskal Procedures

Samer N. Narouze

�Introduction

The role of diagnostic cervical diskography in the evaluation 
of patients with neck pain and degenerative disk disease 
remains controversial [1]. However, provocative cervical 
diskography is performed in an effort to identify the origin 
of cervical pain and hence help directing appropriate inter-
vention. Ultrasound will play a pivotal role in performing 
cervical diskography and percutaneous intradiskal cervical 
procedures as it will allow us to accurately visualize the 
various relevant nearby soft tissue structures and avoid 
their injury [2].

�Limitations of the Fluoroscopically Guided 
Cervical Diskography

Cervical diskography is traditionally performed with fluo-
roscopy. It can be associated with significant potential for 
morbidity and mortality. Diskitis, spinal cord injury,vascular 
injury, prevertebral abscess, and subdural empyema have all 
been reported as complications of diagnostic cervical disk-
ography [1, 3, 4]. In a retrospective analysis of 4400 cervical 
disk injections in 1357 patients, significant complications 
occurred in about 0.6% of the patients and 0.16% of cervical 
disk injections [1].

Inadvertent esophageal perforation associated with 
improper needle placement may be a leading cause for the 
development of diskitis [3]. The organisms typically cultured 
are the indigenous mouth and oropharyngeal flora, implicat-
ing an esophageal source, transmitted by the diskography 
needle, rather than a skin source. Epidural, subdural, or ret-
ropharyngeal abscesses may occur as sequelae of fulminant 
disk infection or as the primary infection after penetration of 
the esophagus [4].

Diskography is routinely performed with fluoroscopy 
which is unable to identify the esophagus and neck vessels 
and feared of the disastrous complications of diskitis and 
vascular injury; practitioners tend to abandon this procedure. 
Others recommend either using barium swallow to delineate 
the esophagus with fluoroscopy or using CT guidance which 
is not widely available, more expensive, and carries the risk 
of high radiation exposure.

�Technique of Ultrasound-Assisted Cervical 
Diskography

Ultrasonography is an invaluable tool in identifying the 
esophagus as well as neck vessels (carotid, vertebral, inferior 
thyroid, ascending cervical, deep cervical, and other neck 
vessels), nerves, and other soft tissue structures while per-
forming cervical diskography, and accordingly a safe needle 
path can be planned (Figs. 36.1 and 36.2).

The procedure is performed with the patient in the supine 
position with the head slightly turned to the opposite site. 
High-frequency ultrasound transducer is used to obtain a 
short-axis view of the right neck. As the esophagus is usually 
slightly deviated to the left (Fig. 36.1), a right-sided approach 
is usually preferred unless otherwise contraindicated.

The appropriate cervical spine level is identified based on 
the morphology of the transverse process of C6 and C7 as 
well as by following the vertebral artery as described in 
Chap. 8. Scout scanning is then performed to identify a safe 
trajectory of the needle and to make sure that the nerve roots, 
esophagus, carotid artery, vertebral artery, and other neck 
vessels are not in the path of the needle. The patient may be 
asked to turn his/her head to the other side under dynamic 
ultrasonography to create more space between the carotid 
artery anteriorly and the vertebral artery posteriorly to allow 
room for the needle (Fig.  36.2). The needle is then intro-
duced in-plane from posterior to anterior along the safe pre-
determined trajectory toward the appropriate disk (Fig. 36.3). 
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Fig. 36.1  Short-axis 
sonogram at C6–C7 disk 
showing the relevant 
anatomical structures. Es 
esophagus, CA internal 
carotid artery, VA vertebral 
artery, Tr trachea, Med. 
medial, Lat. lateral

Fig. 36.2  Short-axis 
sonogram at C6–C7 disk 
showing the relevant 
anatomical structures. CA 
internal carotid artery, VA 
vertebral artery, C6 C6 nerve 
root, C6–C7 C6–C7 disk, SC 
spinal cord. Arrowheads 
pointing at the anterior 
epidural space posterior to the 
disk and solid arrow pointing 
at the origin of C7 nerve root

Fig. 36.3  Short-axis 
sonogram showing the 
trajectory of the needle for 
C6–C7 diskogram. CA 
internal carotid artery, VA 
vertebral artery, C6 C6 nerve 
root, C6–C7 C6–C7 disk, SC 
spinal cord. Arrowheads 
pointing at the anterior 
epidural space posterior to the 
disk and solid arrow pointing 
at the origin of C7 nerve root. 
(Reprinted with permission 
from Ohio Pain and Headache 
Institute)
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Once the needle is in the disk, the procedure can be com-
pleted with fluoroscopy to monitor the spread of the contrast 
agent, which is not reliably detected with ultrasonography at 

such depth (Fig.  36.4). That is why it is an ultrasound-
assisted procedure rather than an ultrasound-guided one.

Alternatively, depending on body habitus, the procedure 
can be performed with fluoroscopy, and once the radiologi-
cal target and the needle puncture site are identified, ultra-
sound is used to verify the safe trajectory of the needle and to 
make sure that the esophagus, nerve roots, carotid artery, 
vertebral artery, and other vessels are not in the path of the 
needle.

In conclusion, ultrasound is a very important adjunct to 
fluoroscopy in performing cervical diskography. It allows for 
safer procedure as it may avoid injury to the relevant soft tis-
sue structures. Ultrasound may even play a more important 
role with the introduction of relatively larger cooled radiofre-
quency needles for disk ablation (cervical biacuplasty) or 
with other intradiskal procedures, which require larger 
introducers.
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Ankle block
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preparation and positioning, 214
ultrasound technique

deep peroneal nerve, 214–215
posterior tibial nerve, 214
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superficial peroneal, saphenous and sural nerves, 214

Anterior superior iliac spine (ASIS), 168, 211, 322
Articular process of the facet joints (APFJ), 136
Atlanto-axial joint (AAJ)

anatomy, 307
C1–C2 level, 307
C2 DRG and vertebral artery, 307–310
clinical presentation, 307
foramen magnum, 310
high-frequency ultrasound transducer, 307
intra-articular steroids, 307
occipital headache, 307
ultrasound transducer, 309

Atlanto-occipital joint (AOJ), 61, 62
Axonotmesis, 290

B
Beam steering sonographic system, 39, 40
Biceps tendon sheath

anatomy, 257
circumflex humeral artery, 259
clinical presentation, 257
short-axis approach, 258
tendon pathology/glenohumeral joint effusion, 258
transverse imaging, 258

Biconcave radiocarpal joint, 271
Biplane transducer, 45
Bleeding, 185
Body mass index (BMI), 118
Border nerves, 167

Brightness-mode (B-mode)
innovations, 13–15
US, 11

Broad bandwidth transducers, 39

C
Camel hump sign, 137
Carbamazepine, 227
C-arm FDCT, 4–5
Carpal tunnel syndrome (CTS)

advantages, 268
anatomy, 267, 268
hydrodissection, 268
long-axis technique, 268
median neuropathy, 267
MN, 268
nerve function, 268
principles, 267
short-axis technique, 267, 269
ultrasound-guided technique, 268–269

Carpometacarpal (CMC), 267, 271
Caudal epidural injection, 139–140

anatomy, 145
anteroposterior radiograph, 148
color Doppler ultrasonography, 146
fluoroscopy-guided technique, 146
hyperechoic band-like structures, 146
hyperechoic reversed U-shaped structures, 147
indications, 145
intravascular/intrathecal placement, 148
landmark blind technique, 145
long-axis sonogram, 148
lumbosacral neuritis, 146
sacral hiatus, 146, 147
swoosh test, 146

Celiac plexus block
anatomy, 161, 162
anterior percutaneous approach

advantages, 163
limitations, 163
xiphoid process, 163

anterocrural technique, 161
malignant and nonmalignant pain syndromes, 161
pancreatic cancer, 161
percutaneous ultrasound-guided technique, 165–166
retrocrural/anterocrural technique, 161
sonoanatomy, 163–165
splanchnic nerves, 161
transcrural technique, 161

Celiac trunk (CT), 164
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Central neuraxial blocks (CNBs)
axis of scan, 130–131
caudal epidural injections, 139–140
complications, 129
conus medullaris/spinal cord, 129
education and training, 142–143
epidural puncture, 142
high-frequency US, 130
imaging modalities, 129
loss of resistance, 129, 138
low-frequency US, 130
lumbar epidural injection, 140
lumbar puncture, 130
scout scan, 142
spinal injection, 141
spinal sonography and USG CNB, 130, 131
sterile swabs, 138
thoracic epidural injection, 140–142
US imaging

L5/S1 interlaminar space/gap, 133
lumbar spine, 135–138
lumbosacral junction, 135
sacrum, 133–135
thoracic spine, 138

water-based spine phantom, 132–133
Cerebrospinal fluid (CSF), 129
Cervical diskography

barium swallow, 323
C6–C7 disk, 324
esophageal perforation, 323
fluoroscopy, 323, 325
high-frequency ultrasound transducer, 323
neck pain and degenerative disk disease, 323
needle, 323
soft tissue structures, 323
ultrasound, 323
vertebral artery, 323

Cervical medial branch nerve blocks
adequate training, 89
advantages, 84–85
anatomy

C3–C7 dorsal rami, 83
fibrous capsule and synovial membrane, 83
superior and inferior articular process, 83
TON, 83

anesthesia, 84
C7, 84, 88
fluoroscopy/CT, 84
indications, 83–84
methods

anterior and posterior tubercles, 87
articulations, 86, 87
bony structures, 85
C2–C3 facet joint, 85, 86
Doppler sonography, 85
high-resolution ultrasound imaging, 85
interscalene region, 87
peripheral nerve, 86
transducer position, 86

osteophytes, 85
performance, 88
scanning before injection, 85
sonographic visibility, 84
TON, 84

Cervical nerve root block
anatomy, 95

C5, C6 and C7 transverse process, 99, 100
extraforaminal periradicular vs. transforaminal spread, 96
fluoroscopy-guided techniques, 95
indications, 95
pulsed-wave Doppler, 101
radiation-free imaging, 96
safety, 97
small critical vessels, 96
sonoanatomy, 97
ultrasound-guided technique, 97–101
US transducer, 98
vascular injection, 96

Cervical spine (CS), 59
See also Sonoanatomy

Cervical sympathetic block
anatomy, 237
C6/C7 transverse process, 239
Chassaignac’s tubercle, 237
color Doppler, 239
esophagus, 238
landmark-based and fluoroscopy-guided techniques, 238
local anesthetic, 240
mediastinitis, 238, 239
prevertebral region, neck, 238
retropharyngeal hematoma, 239
SGB, 237
ultrasound-guided injection, 239–241
vertebral artery, 237

Cervical sympathetic trunk (CST), 237
Cervical zygapophysial joints (CZJ), 61, 62
Chassaignac tubercle, 237
Chronic abdominal pain syndromes, 160
Chronic pelvic pain (CPP)

description, 167
II, IH and GF nerves (see Ilioinguinal, iliohypogastric and 

genitofemoral nerves)
intravascular and intraneuronal injection, 167
neural blockade, 167
pathophysiology, 167
piriformis syndrome (see Piriformis syndrome)
pudendal neuralgia (see Pudendal neuralgia)
soft tissue structure, 167

Color Doppler sonography, 281
Color Doppler technology, 22–23
Comet-tail artifacts (CTAs), 251
Common peroneal (CP) nerves, 314
Complex regional pain syndrome (CRPS), 267
Cone beam CT (CBCT), 3
Conjoint tendon (CJT), 196
Continuous peripheral nerve block (CPNB)

anesthesia and analgesia, 217
applications, 217
electrical nerve stimulation, 217
femoral, 221
infraclavicular, 220–221
interscalene, 219–220
long axis

needle in-plane approach, 218–219
perineural catheter equipment, 219
popliteal sciatic, 222, 223
short axis

needle in-plane approach, 217–218
needle out-of-plane approach, 218

sterile technique, 219
subgluteal sciatic, 221–222
TAP, 223–224
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Corticosteroids, 5
Costotransverse joints, 65
Cubital tunnel syndrome, 291, 313

D
de Quervain’s tenosynovectomy, 273, 312
Diarthrodial joints, 91
Digital subtraction angiography (DSA), 3, 4
Diskogram, 5
Distal radioulnar joint, 271
Doppler sonography, 85
Dorsal root ganglion (DRG), 307

E
Echo intensity, 13
Elbow injections

anatomy, 274–275
aspiration, 276, 277
hypoechoic cartilage, 275
long-axis injection, 275, 276
physical examination and blind aspiration, 275
triceps tendon, 275

Epidural space (EDS), 59
Extensor carpi radialis brevis (ECRB), 273
Extensor carpi radialis longus (ECRL), 273
Extensor carpi ulnaris (ECU), 273
Extensor digiti minimi (EDM), 273
Extensor digitorum communis (EDC), 272
Extensor pollicis brevis (EPB), 273
Extensor pollicis longus (EPL), 272
External iliac artery (EIA), 172
eZONO device, 31

F
Facial pain disorder, 227
Femoral artery (FA), 172
Femoral nerve block

anatomy, 201–202
clinical application, 201
continuous catheter technique, 204
inguinal region, 204
in-plane approach, 203, 204
local anesthetic, 204
out-of-plane approach, 203
preparation and positioning, 202
single-injection technique, 202–204
ultrasound technique, 202

Fibrolipomatous hamartoma, 295
Flat detector computed tomography (FDCT), 3
Flexor carpi radialis (FCR), 267
Flexor digitorum profundus (FDP), 267
Flexor digitorum superficialis (FDS), 267
Flexor pollicis longus (FPL), 267
Fraunhofer zone, 21
Freehand technique, 46, 49

G
Ganglion impar injection

anatomy, 181
fluoroscopy, 181
indications, 181
SCJ, 182

transanococcygeal approach, 181
trans-sacrococcygeal approach, 181
ultrasound-guided technique

sacral and coccygeal bony artifacts, 182
sacral hiatus, 181
traumatic needle insertion, 181–182

Glenohumeral joint (GHJ)
anatomy, 259–260
clinical presentation, 260
glenoid labrum and humeral head, 261
rotator interval approach, 261
scapula, 261
subacromial bursa injections, 261

Greater occipital nerve (GON)
anatomy and topography, 231–232
cervical dorsal horn, 231
C1 level, 234
disadvantages, 232
headache and facial pain, 231
migraine/cervicogenic headache, 235
nerve block, 234–235
scanning techniques, 232–234
sonographic technique, 235
trigeminal caudal nucleus, 231
trigeminal neuralgia, 235
ultrasound detection, 234
ultrasound-guided technique, 235

Groin field stimulation, 321
Groin field vs. peripheral nerve stimulation, 321
Groin neurostimulation

fluoroscopy, 322
IL/IH PNS, 321–322
ilioinguinal and iliohypogastric nerves, 321
limitations, 321
postherniorrhaphy neuropathic pain, 321

H
Harmonic imaging technology, 40
High-frequency ultrasound transducer, 317
Hip pain

analgesics, 279
anatomy, 279
anterior sagittal approach, 280
blind technique, 280
chlorhexidine gluconate/betadine and sterile drapes, 281
circumflex vessels, 281
femoral neck and head, 280
fluoroscopy, 280
hydrolocalization, 281
intra-articular injections, 279
meta-analysis, 280
musculoskeletal imaging, 280
neurovascular injury and radiation exposure, 282
sonography, 280
steroid injection, 281
ultrasound guidance, 280
vascular/femoral nerve puncture, 280
visualization, 281

Hydrodissection technique, 221
Hydrolocalization technique, 52

I
Iliohypogastric stimulation, 321
Ilioinguinal, iliohypogastric and genitofemoral nerves
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Ilioinguinal, iliohypogastric and genitofemoral nerves (cont.)
abdominal wall muscle layers, 169, 170
anatomy, 168–169
chronic inguinal pain, 169
colour Doppler, 170
elements, 169
genital branch, 170–172
hyperechoic structure, 170
inguinal ligament, 169
intraoperative and postoperative analgesia, 168
mechanisms, 167
out-of-plane technique, 170
spermatic cord, 169
techniques, 169

Inferior oblique muscle (IOM), 299, 317, 318
Infraorbital nerve, 227
Intercostal nerve block (ICNs)

anatomy, 247–248
CTAs, 251
fluoroscopy, 248
in-plane technique, 250
neurovascular bundles, 249
pneumothorax/hemothorax, 248, 250
postmastectomy and postthoracotomy pain, 247
US-guided cryoablation, 248
vertebral spinous process, 250

Internal oblique muscle (IOM), 321, 322
International Classification of Headache Disorders (ICHD), 297
Intra-articular ketorolac vs. corticosteroid injection, 5–7, 279
Intraneural ganglion cyst, 295

K
Knee injections

effusions, 283, 284
hyaluronic acid, 283
lateral pouch, 284
mid-medial patella, 285
osteoarthritis, 283
patellofemoral approach, 284, 285
quadriceps tendon, 283
suprapatellar pouch, 285
viscosupplementation/corticosteroid, 283

L
Lateral epicondylitis (LE), 273–275
Lateral femoral cutaneous nerve (LFCN)

anatomy, 211, 243
clinical application, 211
fascia lata and iliaca, 244
meralgia paresthetica, 244
perineural steroids, 244
preparation and positioning, 211
sartorius muscle, 244
transdermal nerve stimulator, 244
ultrasonographic image, 245
ultrasound technique, 211–212

Lateral resolution, 20, 21
Lidocaine, 209
Local anesthetic systemic toxicity (LAST), 88, 115, 185
Lower limb

central neuraxial blockade, 201
monitored sedation techniques, 201
regional anesthesia, 201
ultrasound imaging, 201

Lumbar epidural injection, 140
Lumbar nerve root injections

fatty muscle consistency, 126
in-plane-technique, 125
intervertebral foramen, L4–L5 level, 126
lumbar lordosis, 125
lumbar spine, 126
patient’s tissue, 125
posterior paravertebral parasagittal sonogram, 125
radicular pain, 125
tissue movement and hydrolocation, 126
unintentional vascular/neural injuries, 126

Lumbar plexus block
anatomy, 208
clinical application, 208
preparation and positioning, 208
ultrasound technique, 208–210

Lumbar zygapophysial nerve block
anatomy, 117
injection technique, 121–123
pain management, 117
regional anesthesia, 117
scanning technique, 118–121
spinal nerves, 117
visual analog scale, 118

Lumbar zygapophysial joints (LZJ), 67
Lumbosacral joint (LSJ), 67
Lymphadenopathy, 4

M
Martin-Gruber anastomoses, 313
Median nerve (MN), 268, 313–315
Mental nerve, 227
Metacarpophalangeal (MCP), 269
Microbubble injection technique, 51, 52
Midcarpal joint, 271
Minimally invasive technique, 315
Muscular injections, 7
Musculoskeletal (MSK) ultrasound, 264

N
National Institute of Clinical Excellence (NICE), 131
Needle enhancement

Doppler ultrasound, 51
hydrolocalization, 50–52
microbubbles, 51
needle tip localization, 51–53
sonographic effect, 49
stylet/guide wire and vibration, 49–50

Needle positioning systems, 46–47
Needle-probe alignment

ART, 47–48
biplane needle imaging, 45
ergonomics, 48–49
in-plane and out-of-plane approach, 43–44
mechanical and optical procedure, 45–46
oblique plane approach, 44–45
positioning system, 46–47
procedure, 43

Neurapraxia, 289
Neuritis, 290
Neurofibromas, 295
Neurolysis, 311–312
Neuroma, 293–295, 312
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Neuropathic pain, 311
Neurotmesis, 290

O
Obliquus capitis inferior muscle (OCIM), 231, 233
Obturator nerve block

anatomy, 210
clinical application, 210
preparation and positioning, 210
ultrasound technique, 210–211

Occipital artery (OA), 318
Occipital field vs. peripheral nerve stimulation, 317
Occipital neuralgia

abnormal artery, 300
bifid spinous process, 302
definition, 297
diagnostic ultrasound, 297–299
etiology, 297
greater occipital nerve, 298, 299
ICHD-3, 298
interventional ultrasound

botulinum toxin type A injections, 300
occipital nerve block, 299
occipital peripheral nerve stimulation, 300

trigeminal spinal nucleus, 297
trigeminocervical complex, 298
ultrasound transducer, 302, 303

Occipital neurostimulation (ONS), 317–319
Open reduction internal fixation (ORIF), 273
Osteoarthritis (OA), 271, 279
Oxcarbazepine, 227

P
Paramedian oblique sagittal scan (PMOS), 131, 141
Paramedian sagittal axis of scan (PMSS), 130, 131
Parietal pleura (PP), 103
Peripheral nerve

anatomy, 289, 290
anesthetic/corticosteroids, 289
clinical evaluation, 289
entrapment/impingement, 290–293
etiology, 289
hypoechoic scar tissue tethering, 294
injury, 289–290
mass lesions/tumors, 295
MR neurography, 289
nerve subluxation, 290
neuritis, 290
paresthesias, 293, 295
perineural injection, 295
pronator teres muscle, 293
technique, 289
transection/neuroma, 293–295
ulnar nerve, 291
ultrasound, 289

Peripheral nerve stimulation (PNS)
electrodes, 311
etiology, 311
human femoral nerve, 312
imaging techniques, 311
intraoperative testing, 311
median nerve, 313–315
neuroma, 311, 312
patient selection and neurolysis, 311–312

peripheral nerve electrode placement, 312
posterior tibial nerve, 315
radial nerve, 312
sciatic nerve, popliteal bifurcation, 315
ulnar nerve, 312, 313
visual analog pain scores, 311

Piriformis syndrome
anatomy, 172–173
botulinum toxin, 172
electrophysiologic guidance, 173
gemelli muscles, 174
gluteus maximus muscle, 173
intramuscular injection, 174
local anaesthetic and steroid, 172
physical and analgesic pharmacotherapy, 172
sciatic notch level, 173
symptoms, 172
ultrasound, 173

Platelet-rich plasma (PRP), 273
Pneumothorax, 7, 185
Polymer-encased procedure needle, 36
Popliteal fossa

anatomy, 206–207
clinical application, 206
preparation and positioning, 207
ultrasound technique, 207–208

Popliteal nerve block
in-plane approach, 207
local anesthetic, 208
out-of-plane approach, 207
transverse section, 208

Posterior interosseous nerve (PIN), 292
Posterior superior iliac spine (PSIS), 173
Posterior tibial nerve, 215, 315
Procedure needle visibility

automatic optimization technologies, 42
beam steering sonographic system, 39
brightness, motion and Doppler modes, 40–41
compound spatial imaging, 39
computed tomography, 42
3D and 4D ultrasound imaging, 41–42
factors, 39
fluoroscopy, 42
frequency compound sonography, 39
image optimization, 42
image resolution, 38
magnetic resonance imaging, 42
radiofrequency ablation, 43
robotic systems, 43
sonographic artifacts, 39
time gain compensation and harmonic imaging, 40
ultrasound probe, acoustic power and gain, 40
ultrasound transducer and machine, 38

Pudendal neuralgia
anatomy, 174–176
anterior and posterior urogenital areas, 174
curvilinear probe, 177
hydrodissection, 177
ischial spine and Alcock’s canal, 174, 177
pudendal nerve block, 174
sacrotuberous and sacrospinous ligament, 176, 177
sciatic nerve and vascular structures, 176
symptoms, 174
transvaginal, transperineal and transgluteal  

approaches, 176
Pulse repetition frequency (PRF), 12
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R
Radiofrequency ablation (RFA), 88
Randomized clinical trial (RCT), 96
Rotator interval approach, 261

S
Sacral plexus, 205
Sacrococcygeal joint (SCJ), 181
Sacroiliac joint (SIJ)

anatomy, 151
anteroposterior radiograph, 153
arthrogram, 152
cadaveric model, 151
feasibility, 151
fluoroscopy, 152
indications, 151
intra-articular injections, 152
lumbar lordosis, 152
short-axis sonogram, 152

Sacrum, 145
See also Sonoanatomy

Saphenous nerve block
anatomy, 212
clinical application, 212
preparation and positioning, 212
ultrasound technique, 212–213

Scaphoid-trapezium-trapezoid (STT), 267
Scapholunate, 271
Schwannomas, 295
Sciatic nerve, 315
Sciatic nerve block

anatomy, 205
clinical application, 204
in-plane approach, 206
out-of-plane approach, 206
preparation and positioning, 205
transverse scan, 206
ultrasound technique, 205–206

Semispinalis capitis (SSC), 299, 317, 318
Semispinalis capitis muscle (SsCM), 231
Sequoia 512® Ultrasound System, 85
Shoulder pain

intra-articular/osseous pathology, 255
iodine allergy, 255
occult clefts/tendon subluxation, 255
orthopedic hardware, 255
patient safety, 255
sonographic assessment, 256
sterile transducer, 255
US equipment, 255

Sodium hyaluronate (SH), 271
Sonoanatomy

cervical spine
deep, 71–72
superficial, 67–70

lumbar spine
deep, 75–77
superficial, 73–75

sacrum and SIJ
deep, 77–80
superficial, 77

thoracic spine
deep, 73
superficial, 72–73

Sonopalpation, 289

Specular reflection, 13, 39
Spine anatomy

cervical spine
anterior view, 60
bilateral cervical ribs, 61
diarthroses, 61
intervertebral foramina, 61
lateral view, 60
transverse processes (TP), 59
uncinate processes, 61
vertebral body and SP, 61

lumbar spine, 65–67
sacrum, 65–67
thoracic spine, 61–65

Spinoglenoid notch (SGNo), 246
Stellate ganglion block (SGB), 8, 237
Sternoclavicular (SC) joint

anatomy, 263–264
clinical presentation, 264
short-axis orientation, 264
small hyperechoic fibrocartilaginous disk, 264

Sternocleidomastoid (SCM), 219
Subacromial/subdeltoid bursa

anatomy, 256
calcific densities/clefts, 256
clinical presentation, 256
coronal/scapular plane, 256
deltoid muscle and glenohumeral joint, 256
dynamic assessment, 256
impingement test, 257
lidocaine, 256
tuberosity, 257

Subscapularis tendon/subscapularis bursa
anatomy, 262
bicipital groove, 263
clinical presentation, 262–263
short-axis/longitudinal approach, 263

Superior articular process (SAP), 117
Superior costotransverse ligament (SCL), 103, 110
Superior mesenteric artery (SMA), 161
Supraorbital nerve, 227
Suprascapular nerve block (SSN)

anatomy, 245–246
fluoroscopy, 246
indications, 245
pneumothorax, 246
scapula spine, coracoid process and acromion, 246, 247
SSNo and SGNo, 246
transverse scapular ligament, 246
ultrasonographic image, 247

Suprascapular notch (SSNo), 246
Sympathetic chain sonoaantomy, 237

T
Tarsal tunnel syndrome, 291
Tendon dysfunction

de Quervain’s tenosynovitis, 273, 274
dorsal wrist and forearm, 273
impingement, 273–275
intersection/oarsman’s syndrome, 273, 274
LE, 273–275

Third occipital nerve (TON), see Cervical medial branch nerve blocks
Thoracic epidural injection, 140–141
Thoracic paravertebral block (TPVB)

anatomy, 103
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inguinal herniorrhaphy and breast surgery, 103
mechanism, 103
pleural puncture, 115
sonoanatomy

chronic pain procedure, 107
high-frequency ultrasound, 107
multiplanar 3D view, 109
sagittal scan, 109–113
transverse scan, 107–109
ultrasound unit, 107

techniques
in-plane needle insertion, 112–113
intercostal approach, 113–115
short-axis needle insertion, 111–112

USG
18-G Tuohy needle, 106
in-plane technique, 106
intercostal approach, 106
intertransverse and costotransverse ligaments, 106
out-of-plane technique, 106
paravertebral anatomy, 106
pleural puncture, 106
PP and SCL, 107
sedation and analgesia, 106
transverse sonogram, 106

Thoracic paravertebral space (TPVS)
anatomy, 104
endothoracic fascia, 103, 105
PP and SCL, 103
sagittal section, 104
subserous fascia, 103

Thoracic zygapophysial joints (TZJ), 65
Three-dimensional rotational angiography (3D-RA), 3
Time gain compensation (TGC), 20, 21
Tissue harmonic imaging (THI), 13, 24–25
Transforaminal epidural injection, 95–97
Transversus abdominis muscle (TAM), 168, 321
Transversus abdominis plane (TAP)

abdominal/chronic pain syndromes, 157
abdominal wall muscles and ultrasound transducer, 159
anatomy, 157–158
catheter, 158–160
double-pop technique, 158
local anesthetics, 157
neuroaxial blocks, 157
postinjection/preinjection short-axis sonogram, 159
thoracolumbar nerves, 157
ultrasound-guided technique, 158

Transversus abdominus muscle (TAM), 322
Trapeziometacarpal (TMC), 271
Triamcinolone acetonide (TA), 271
Trigeminal neuralgia (TN)

antiepileptic drugs, 227
disease management, 229
infraorbital nerve injection technique, 228, 229
management, 227
mental nerve injection technique, 228, 230
neurologic examinations, 227
neurovascular compression, 227
paroxysmal facial pain, 227
peripheral alcohol injections, 229
scanning technique, 227
supraorbital nerve injection technique, 228, 229
ultrasound-guided injection technique, 227–229

Trigger finger injections
anatomy, 269–270

distal-to-proximal approach, 270
long-axis technique, 270
proximal phalanx, 270
short-axis technique, 270
triamcinolone acetonide and lidocaine, 270

Trigger point injections, 7
Tuohy needle, 158

U
Ulnar nerve, 313
Ultrasonography, 323
Ultrasound (US)

B-mode, 13–15
CT/fluoroscopy, 9
epidural blocks, 8
fluoroscopy, 9
imaging modalities, 11
intra-articular injections, 5–7
knobology, 17
machine caliper tool, 202, 269
principles, 11
pulse generation, 11, 12
regional anesthesia and pain management, 11
sympathetic blocks, 8–9
and tissue interaction, 12–13
trigger point and muscular injections, 7
wavelength and frequency, 11–12
zygapophyseal and medial branch blocks, 7

Ultrasound-guided interventional procedures (UGIP)
acoustic impedance, 33
bevel up vs. bevel down/bevel at the side, 38
curved vs. linear probe, 35
echogenic procedure needles, 34–38
gauge needle and echogenicity, 33
high-fidelity simulation, 31
phantoms, 28
polymer-coated vs. nonechogenic needle, 36
procedure needle tip, 37–38
skin penetration/insertion, 33–34
sonography and needle image, 32
training, 27–28
ultrasound and fluoroscopic phantom, 31–32

Ultrasound-guided regional anesthesia (UGRA)
axillary block

anatomy, 193
indication, 193
procedure, 193–194

brachial plexus anatomy
C7 transverse process, 185
embryonic limb organization, 188
idealized, 187
musculocutaneous and median nerve, 185
patient-specific block selection, 185
scapula, 186
sensory and motor innervation, 185
supraspinatus and infraspinatus muscles, 185

C6 and C7 vertebra, 190
components, 186
distal peripheral nerves, 194
drug deposition, 185
infraclavicular block

anatomy, 192
indication, 192
procedure, 192–193

interscalene block
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Ultrasound-guided regional anesthesia (UGRA) (cont.)
anatomy, 186
indications, 186
procedure, 186–187

median nerve block, 196
radial nerve block, 197
supraclavicular block

anatomy, 188
indication, 188
procedure, 189–192

ulnar nerve block, 198
Ultrasound-guided regional anesthesia simulation phantom 

(U-GRASP), 31
Ultrasound in pain medicine (USPM), 243
US-guided cervical periradicular steroid injection (US-CPSI), 96
US machines

axial resolution, 18
color Doppler technology, 22–23
compound imaging, 24
depth, 19
focus, 20–22
freeze button and image acquisition, 25
frequency and probe selection, 17
gain, 19–20
optimization button, 25
power Doppler, 24
presets, 22
principles, 17
safety and efficacy, 17
shorter pulse durations, 18
TGC, 20, 21
THI, 24–25
waves and distance, 18

V
Vascular Doppler imaging, 289
Visual analog scale (VAS), 91, 233
Visual analog scores (VAS), 271

W
Wartenberg’s disease, 293
Water-based spine phantom, 132–133
Wrist injections

anatomy, 271
MR arthrography, 271
NSAID, 271
radial-scaphoid joint, 272
radiocarpal joint, 271
thumb injection, 272
ultrasound-guided technique, 271–273
VAS score, 271

Z
Zygapophyseal intra-articular injection

anatomy, 91
cervical spinous processes level, 92
CT-assisted navigation system, 91
indications, 91
lateral approach, 92
needle, 93
posterior approach, 92–93
sagittal longitudinal sonogram, 93
short-axis (transverse) US image, 92
ultrasound transducer, 91, 92
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