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Preface

It is a challenge to treat hospitalized pain patients. Core to inpatient pain care, pain 
management interventions can dramatically improve patient satisfaction, decrease 
the length of stay, decrease opioid requirements, and improve outcomes by provid-
ing effective multimodal analgesia. These pain management procedures, including 
occipital nerve blocks, fascial plain blocks, intercostal nerve blocks, and many oth-
ers, can be conveniently performed at the bedside. The current literature on bedside 
interventions is limited to clinical trials, observational studies, and case reports. 
This project, intended to fill the current knowledge gap, aims to provide clinicians 
with real-world practical information including patient selection, required equip-
ment, and procedure guidance that will optimize the bedside interventions. In aggre-
gate, the authors united to provide a concise guide on commonly performed bedside 
interventions. The editors’ and contributors’ expertise and enthusiasm are sure to 
benefit our readers and their patients.

Respectfully,

Cuyahoga Falls, OH, USA Dmitri Souza  
Charlottesville, VA, USA  Lynn Kohan  
La Jolla, CA, USA  Imanuel R. Lerman   
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Challenges of Pain Management 
and the Role of Bedside Interventions

Arjun Ramesh and Jianguo Cheng

1  Overview

Pain, defined as “An unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage” [1], is 
generally classified into acute pain and chronic pain on the basis of duration, with 
pain lasting greater than 3 months being considered chronic. While acute pain is 
generally associated with a specific disease or injury and is usually self-limited and 
serves a protective function, many forms of chronic pain are associated with 

Essential Concepts
• Acute and chronic pain is a growing concern and leads to healthcare costs 

exceeding $500 billion annually.
• While opioid medication was a mainstay in the treatment of both acute and 

chronic pain, concerns about opioid overuse has led to the use of multi-
modal anesthesia to improve efficacy and safety of patient care.

• Bedside pain interventions, as parts of multimodal analgesia regimens, can 
be performed to effectively treat pain, as well as spare opioid use in these 
patients.
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pathological changes in the peripheral and/or central nervous systems and can be a 
category of disease in its own right. Chronic pain is generally mediated by the inter-
play of the nervous, immune, and endocrine systems, and results from the body’s 
inability to return to homeostasis after an acute insult [2, 3]. As such, acute pain 
management should be focused on addressing the underlying cause of the pain with 
a multimodal analgesic approach and preventing progression to a chronic pain state, 
while chronic pain is best managed through comprehensive, individualized, and 
multidisciplinary approaches [4]. While medication is a mainstay for the treatment 
of both acute and chronic pain in the inpatient setting, bedside interventions also 
play an important role in providing better pain control, preventing the progression 
from acute to chronic pain, and on limiting reliance of opioid therapy.

2  Historical Aspects

Pain has historically been considered an undertreated condition [5]. In fact, there 
have been calls for improved treatment of pain since the 1990s. Recommendations 
to improve the treatment of pain included making pain more “visible,” and the ther-
apeutic use of opioids, among others [6]. An article from 1980 was often quoted to 
support the safe use of “narcotics” as rarely leading to addiction [7]. Ultimately this 
led to the adoption of pain as “the fifth vital sign” in 2000, with an increase in the 
prescription of opioid medication [8]. This increase may have contributed to the 
“opioid epidemic,” which has a yearly death toll greater than the total deaths in any 
armed conflict since World War II [9]. Although opioid-related deaths are most 
commonly associated with heroin, synthetic opioids such as fentanyl, and poly- 
drugs, prescription opioids may also contribute in some cases. As such there is now 
a greater emphasis on opioid sparing therapies, such as multimodal analgesia with 
bedside procedures as a critical component.

3  Recent Developments

The cost of pain is estimated to be over $500 billion annually, which is greater than 
the cost of heart disease, cancer, or diabetes [10]. The prevalence of chronic pain is 
anywhere from 11% to 47% depending on the source [11]. This incidence will 
likely increase over the next several years as the incidence of chronic illness with 
associated pain increases [11]. There has also been an increased cost associated 
with increased prescription of opioid pain medications. Between 2006 and 2010 
there were over 250,000 emergency department visits associated with opioid poi-
soning, with over $4  billion in associated hospital costs [12]. This has led to a 
heightened interest in pain management strategies which will decrease the burden 
of chronic pain while also reversing the trend of increasing opioid usage.

As many as 35% of patients presenting for surgeries will have concurrent chronic 
pain [13]. As such it is important to have an appreciation for pain management strat-
egies in these patients. Currently, multimodal therapy is recommended for the 

A. Ramesh and J. Cheng
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inpatient management of chronic pain as well as acute postoperative pain. However, 
there are no well accepted combinations of medications which have been shown to 
be superior. Nonsteroidal anti-inflammatory drugs and selective cyclooxygenase-2 
inhibitors have shown the most consistent decrease in opioid consumption [14], 
however some recent trials have shown smaller reductions in pain with the use of 
NSAIDs than was previously seen [15]. N-methyl-D-aspartate (NMDA) antagonists 
and alpha-2 adrenergic agonists have shown variable results when used postopera-
tively. Skeletal muscle relaxants can be used, although research is equivocal on their 
efficacy [16]. Anticonvulsant medications have shown benefit in treating chronic 
neuropathic pain and are now commonly used in the treatment of acute periopera-
tive pain [11]. Antidepressant medications have shown benefit in the treatment of 
chronic pain disorders such as fibromyalgia and complex regional pain syndrome 
[11]. Opioid pain medications play an important role in the management of acute 
pain [14], cancer pain, and patients with chronic pain that are refractory to other 
treatments. Bedside interventions/procedures not only provide quality analgesia but 
also offer opioid sparing effects.

4  Role of Bedside Interventions

As there are no clearly superior medical therapies, bedside interventions are useful 
for both preventing pain, as well as controlling breakthrough pain. These therapies 
are generally targeted at blunting the response to pain, either by blocking the con-
duction and/or transmission of pain more centrally, or by suppressing the pain sig-
nals at the site of injury. The longer the pain is allowed to persist, the more common 
the transition to chronic pain. This is thought to be due to central and peripheral 
sensitizations [17]. Central sensitization results from an interplay of pain projecting 
neurons, inhibitory interneurons, and glial cells that leads to increased excitability 
of pain pathways and processing matrix within the central nervous system. 
Peripheral sensitization results from changes in more peripheral structures such as 
muscle, nerves, and fascia that lead to increased excitability of nociceptors [11]. To 
prevent central sensitization, some have argued for pre-emptive preoperative anal-
gesia. However, it is now understood that the development of central sensitization 
may be due not only to surgical incision and other intraoperative insults such as 
retraction and visceral manipulation, but also to inflammatory changes that can 
extend into the postoperative period. As such, treatments are now aimed at modulat-
ing the response to these factors through the entire perioperative period [17].

Several nonpharmacological, nonsurgical conservative pain management modal-
ities may be considered in select patients to help with the treatment of acute and 
chronic pain. Acupuncture therapy is being investigated for its utility in the treat-
ment of both acute and subacute low back pain. A randomized controlled trial found 
acupuncture to be superior to parenteral morphine for patients presenting to the 
emergency department with acute pain [18]. Physical therapy, massage therapy, and 
mindfulness therapies including yoga and tai chi have also been shown to be benefi-
cial in the treatment of chronic pain. These therapies are generally performed on a 

Challenges of Pain Management and the Role of Bedside Interventions
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daily basis and are able to provide patients with increased pain relief compared to 
pharmacologic and interventional techniques alone [11]. Noninterventional tech-
niques, while having limited side effects, often require an experienced practitioner 
for performance of the service (i.e. an acupuncturist or a massage therapist). These 
may not be readily available at all institutions, and may be difficult to continue as an 
outpatient.

Nonsurgical interventional techniques have gained traction for the control of 
acute and chronic pain (Table  1). Historically, regional nerve blockade was per-
formed by landmark-based techniques utilizing nerve stimulation to ensure injec-
tion of anesthetic near the nerve of interest. However, ultrasound guidance has 
increased the success of regional nerve blockade as well as decreased the rate of 
complications associated with these blocks [19]. Commonly utilized techniques 
include saphenous nerve block, femoral nerve block, popliteal sciatic nerve block, 
and brachial plexus blocks to allow for regional anesthesia of the extremity of inter-
est. In addition, paravertebral blocks may be utilized for the management of rib 
fractures and thoracic and abdominal surgeries. The use of ultrasound guidance has 
also allowed for the performance of fascial plane blocks which would have been 
difficult or impossible without real time image guidance. These include the 

Table 1 Benefits and challenges of different bedside techniques

Type of 
intervention Benefits Challenges
Neuraxial 
blockade

Excellent and predictable analgesia with 
the ability to prolong blockade with 
catheter placement

Sympathectomy leading to 
hypotension
Weakness
Contralateral analgesia which may 
be unnecessary
May be technically challenging
Contraindicated in the setting of 
anticoagulation

Peripheral nerve 
blockade

Excellent regional anesthesia
Preservation of sensation proximal to 
the level of blockade
Isolated analgesia at the region of injury
Ability to prolong duration of blockade 
with catheter placement

Facility with ultrasound or nerve 
stimulation guidance is often 
required
Higher incidence of failed 
blockade when using landmark 
based techniques
May cause motor weakness which 
can interfere with recovery
Relatively contraindicated in the 
setting of anticoagulation

Fascial plane 
blockade

Excellent analgesia
Fewer injections required to provide 
larger regions of coverage
Ability to prolong duration of blockade 
with catheter placement
More likely to be acceptable risk in the 
setting of anticoagulation

Facility with ultrasound guidance 
is often required

Conservative 
interventions

Minimal side effects Poor patient acceptance
Requires specially trained staff

A. Ramesh and J. Cheng
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transversus abdominis plane block, erector spinae plane block, as well as pectoralis 
and sartorius plane blocks. Innovations in drug delivery including liposomal formu-
lations, as well as increasing awareness and use of adjunctive medications with 
local anesthetics allow for longer acting analgesia with single injection techniques 
[20]. The field is currently undergoing an era of growth, with ongoing investigation 
into novel ultrasound based regional approaches and less reliance on landmark 
based and nerve stimulation techniques.

While peripheral nerve blockade and fascial plane blocks have been growing in 
popularity, neuraxial blockade is still a commonly used modality. This allows for 
excellent analgesia and is generally very predictable in region of blockade, as well 
as duration. Catheters can be employed to provide continuous nerve block or neur-
axial block by continuous infusion of medications.

5  Challenges of Inpatient Pain Management

The challenges of bedside interventions are multifold (Table 1). Initial identification 
of patients with pain may be difficult. As mentioned previously, pain has been a 
historically undertreated condition [5]. While increased vigilance and documenta-
tion of a patient’s pain scores have helped bring this to light, it is important for early 
involvement of pain management teams because early treatment of acute pain may 
help minimize the risk of transition to chronic pain [21].

While there are many new bedside interventions that can be offered to patients, 
these techniques do not always result in lasting relief. Nerve blockade is limited by 
the duration of action of the local anesthetics with commonly used “long acting” 
local anesthetics having a maximum duration of about 18 h, although there are now 
commercially available preparations with longer durations of action [20]. Catheters 
can also be placed to prolong the duration of analgesia by allowing for continuous 
infusion of medication. However, catheter dislodgement may occur depending on 
the location of insertion, which could potentially interrupt therapy and require addi-
tional procedures for replacement. In addition, the ideal blockade would provide 
analgesia without concomitant weakness. However, in many cases this is not pos-
sible and the weakness produced by peripheral blockade may result in increased 
hospitalization time or may increase the risk of falls.

Neuraxial techniques may also cause significant weakness. Efforts should be 
directed at striking a balance between adequate analgesia and minimizing weakness 
by adjusting the concentration of anesthetic medication. Neuraxial techniques also 
cause a sympathectomy with resulting decreases in vascular tone, which may be 
poorly tolerated and not suitable for certain patients. Due to these side effects, some 
practitioners may avoid the use of neuraxial techniques after surgery. However, with 
prudent dosing these side effects can be mitigated with excellent results for the 
patient.

Both neuraxial techniques and peripheral nerve blockade, and to a lesser extent 
fascial plane blocks are contraindicated in the setting of anticoagulation. While anti-
coagulation may be held to allow for the performance of these interventions, it is not 
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always feasible in the inpatient setting. The American Society or Regional 
Anesthesia and Pain Medicine has released a set of guidelines for when to hold and 
resume anticoagulation for commonly used anticoagulants and interventions, which 
is now in its fourth edition [22].

6  Conclusion

Pain is a natural response to injury but can progress to a pathological state. There are 
several modalities to treat pain, but a multimodal approach to treating acute pain 
and a multidisciplinary approach to treating chronic pain are most beneficial. 
Medication is the most commonly used treatment modality, but increasing aware-
ness of the risks of opioid use and misuse have sparked interest in alternate treat-
ment modalities. Alternate treatment modalities including acupuncture, physical 
therapy, cognitive behavioral therapy, massage therapy, and mindfulness exercises 
have also shown utility in the treatment of both acute and chronic pain. Ultrasound 
guidance has increased the utility of bedside nerve blocks which can effectively 
control pain in the short term. The placement of catheters can prolong the duration 
of analgesia. As our understanding of the pathophysiology of acute and chronic pain 
increases, increasingly targeted therapies can start to be utilized and current inter-
ventions can be refined to decrease side effects and improve efficacy in pain control. 
Bedside interventions are becoming an integral part of the practice of pain 
management.
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Clinical Assessment of Pain 
and Assessment of Outcomes of Bedside 
Procedures

Ankit Maheshwari and Bradford Jones

1  Overview

Clinical examination skills with a methodical approach are indispensable to the 
practitioner for a complete evaluation and accurate diagnosis of a patient’s pain. 
With the growing number of resources available to assist in diagnostics and treat-
ment, one of the most important assets to a physician remains the history and 

Essential Concepts
• Diagnosis of pain is multifaceted, requiring an understanding of the under-

lying etiology and the use of exam skills with assessment tools to accu-
rately distinguish various types.

• A systematic approach to evaluating patient pain can be beneficial to the 
initial assessment, diagnosis and treatment of pain; as well as evaluating 
efficacy of procedures.

• Pain measurement tools can provide subjective detail and further support 
diagnoses.

• Procedural outcome is essential to monitor in the setting of clinical effec-
tiveness and direction of further therapy.
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physical examination. The assessment chapter serves as the framework on which a 
clinician can continue to integrate knowledge of pain conditions and special testing 
to become proficient in diagnosing pain. This chapter will outline an approach to 
utilize the history and physical examination not only for diagnoses, but for assess-
ment of interventions and guiding further clinical course.

2  Initial Encounter

As should be considered with any patient encounter, the physician-patient relation-
ship should be established to create a comfortable environment in which both can 
interact to produce the best outcome for the patient. Prior workup and imaging 
should be obtained and reviewed prior to meeting the patient. Effective listening and 
affirmation of understanding is key to both sides of the conversation. It is also 
important to concisely define the chief complaint to direct the remainder of the 
examination.

3  Detailed History

 Onset

This question is often first as it can direct diagnoses and further interview questions. 
Abrupt pain that began with a certain recallable inciting event or activity may relate 
to an acutely injured area or the need for more urgent treatment. On the contrary, an 
insidious onset of pain may still relate to a remote acute injury that has been exac-
erbated, a degenerative process, or a more diffuse pain pathophysiology.

 Location

Anatomic location is important, as it directs the physician to an area for further 
examination and potential areas of treatment. This is usually fairly clear in case of 
postoperative pain or injured site. Special attention should be paid at this juncture, 
as to not be misled by radicular pain or referred pain. Location can further hone in 
on treatment urgency as described above.

 Duration

Pain that has been occurring for a few days or weeks may be approached in a differ-
ent manner than pain that a patient has had for several months or even years. 
Duration can also further delineate urgency of treatment. Consistent, ongoing pain 
for years is approached differently than progressively worsening pain over a much 
shorter duration, especially if alarm symptoms, such as the neurologic sequelae or 
signs of active infection were present.

A. Maheshwari and B. Jones
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 Course/Frequency

How often the pain occurs for the patient may be static or dynamic. There may be 
regularity of the pain in a temporal manner, such as in the morning or worse in the 
evening. It can also be dynamic in that the intensity changes throughout the day or 
it comes and goes in spurts. Worsening pain over time can be of greater concern to 
both the patient and physician.

 Character

The description of pain can vary from patient to patient. However, descriptors such as 
dull, sharp, stabbing, aching, burning, or throbbing are fairly common terms used. 
Eliciting subjective descriptors can help delineate what type of pain fibers or neuro-
logic components may be affected by the injury or pain syndrome. Descriptions of the 
pain can clue the physician in to the type of pain the patient may be experiencing.

 Aggravating/Alleviating Factors

What makes the pain better or worse can direct diagnosis, treatment, and add sug-
gestions for activity modification. Movement, as well as positions of comfort, pro-
vide further insight. Another example would be distinguishing bilateral leg pain of 
neurogenic claudication, that is above the knee, triggered by standing and relieved 
by sitting, from vascular claudication that is primarily in the calf and relieved with 
standing [1]. Other factors may include psychological stress and diet as pain 
adjuncts. The patient may also have found items that help as well, such as heat/ice, 
stretching, physical therapy, and medications.

 Related Symptoms

Symptoms related to the pain will aid even further in diagnosis. As there are a mul-
titude of pain conditions, some have a constellation of associated symptoms such as 
vision changes, balance changes, weakness, joints giving way, bowel or bladder 
changes, weight changes, fever, chills, night sweats, skin changes, and altered sen-
sorium. This list provides examples of such symptoms, but is not intended in any 
way to be completely comprehensive. The take home message is that each singular 
or group of related symptoms should bring to mind an association with a particular 
diagnosis. If not, this may indicate further evaluation is needed.

 Severity

Severity is another subjective measure of pain that can vary between patients for the 
same pain condition. This item does, however, give information regarding the 
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degree of significance the pain has in the patient’s life. Examples of pain assessment 
tools will follow that can be helpful in this matter.

4  Assessment Tools

There is an ever-increasing number of pain assessment tools at the physician’s dis-
posal to aid in completely evaluating the patient. These tools can be a helpful addi-
tion in the clinical assessment of pain, as well as provide a means for comparison of 
pain in the same patient over the course of treatment. When selecting assessment 
tools, a specific clinical question should be in mind. Some are best for rating sever-
ity of pain, while others are more involved and provide greater detail with more data 
points collected. Simple tools can be used that have ordinal data to classify the 
severity of a patient’s pain along a scale that can tell the physician where the pain is 
currently at and can re-evaluate for change in pain post procedure. Figure 1 depicts 
different types of pain scales.

These scales are useful not only when the question of pain severity needs to be 
answered, but also in the scenario of decreased communication. Other scales exist, 
though, that combine qualitative and quantitative data to either address a barrier to 
communicate or provide more detail when needed. Young children may represent the 
former and latter arena as they may not have developed the linguistic skills or under-
standing to further describe their pain. For children, the Wong-Baker Faces Pain 
Rating Scale and Visual Analog Scale have proven to be useful tools in assessing pain 
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Pain Assessment Tool Guidelines for use: PAINAD

Indicator Score = 0 Score = 1

Occasional labored breathing
Short period of hyperventilation

Noisy labored breathing. Long period of
hyperventilation. Cheyne-Stokes respiration

Repeated troubled calling out.
Loud moaning or groaning.
Crying.

Rigid, fists clenched. Knees pulled up.
Striking out. Pulling or pushing away.

Facial grimace

Unable to console, distract or reassure.

Normal breathing

None

Smiling or inexpressive

Relaxed

No need to console

Occasional moan/groan.
Low level, speech with a
negative or disapproving quality

Sad, frightened, frown

Tense, distressed, pacing
fidgeting.

Distracted by voice or touch.

Score = 2
Total
Score

TOTAL:

Breathing:

Negative
vocalizations:

Facial Expression

Body Language

Consolability:

Fig. 2 Pain Assessment in Advanced Dementia Scale (PAINAD). (With Permission from Elsevier)

[2]. Another tool for children that has utility in those too young for verbal communica-
tion is Crying Requires oxygen Increased vital signs Expression Sleep (CRIES) [3].

Adults with cognitive impairment may provide yet another challenging popula-
tion for assessment. The Checklist of Non-Verbal Pain Indicators (CNPI) may pro-
vide a means of evaluating pain in cognitively impaired adults based on six key 
elements including: nonverbal vocalizations, facial grimace, bracing, restlessness, 
rubbing, and verbal complaints [4, 5]. The Pain Assessment in Advanced Dementia 
Scale (PAINAD) scale is another resource that may be useful in both the cognitively 
impaired and cognitively intact elderly patient (Fig. 2) [6].

For the standard adult population, additional examples of tools that offer a vari-
ety of qualitative and quantitative data include the McGill Pain Questionnaire, 
SF-12, and WHOQOL-100 with and without Pain Discomfort Module (PDM) addi-
tion [7–9]. These examples offer additional data points such as descriptors of pain, 
physical function, social effects, psychological effects, and many more than can be 
used if needed to better understand a patient’s pain, establish a baseline, and track 
treatment progress. The assessment of bedside interventions requires time efficiency 
and the evaluation tool should be selected based on time available for assessment 
and the patient population as described above. A baseline evaluation is necessary 
followed by administration of the same measure after the procedure. Timing of 
assessment should be after the expected onset of pain relief from the intervention 
and when sedation, if administered has worn off.

5  Physical Examination

After a thorough interview is conducted with the patient, the next step is the physi-
cal examination. Each exam component will be briefly discussed and should be 
modified to the anatomic site on which it is conducted.

 Inspection

Observation of the patient should begin as soon as the physician lays eyes on the 
patient, whether it is entering the room or walking down the hall. Careful attention 
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should be paid to posture, gait, how the patient navigates the door, room, exam table 
or chair, and any other observable obstacles. Gross visual examination of the entire 
patient, as well as the specific area of pain and related areas, is also key.

 Palpation

Palpation should consist of the soft tissue, bones, joints, and adjacent regions. The 
physician should be mindful of where the pain is located when palpating as not to 
worsen pain for the patient. However, the goal is to pinpoint the area of pain and 
identify sources of radiation, if applicable.

 Range of Motion

When applicable, the associated joint and adjacent joints should be assessed for 
both active and passive range of motion. Limitations in range of motion should be 
noted as well as pain.

 Percussion/Auscultation

Percussing and listening to the area of pain may be appropriate. Specific regions 
such as the abdomen or thorax would be appropriate to perform this part of the 
examination. Percussive sounds as well as pertinent positive or negative findings on 
auscultation can aid diagnosis.

 Motor

Both gross and fine motor skills should be thoroughly assessed in the patient. Gross 
motor should include strength testing and gait. Fine motor skills and ability to 
manipulate objects in a patient’s hands should also be performed.

 Sensory

Testing a patient’s sensation should be performed to assess for associated neuro-
logic deficits associated with the pain. This portion of the exam should allow the 
physician to determine if any deficits exist along a dermatome, peripheral nerve, or 
diffuse anatomic region. Proprioception should also be tested to determine if any 
deficits exist in the patient’s ability to sense and navigate their body in the world. 
Both motor and sensory testing can be scored using the International Standards for 
Neurological Classification of Spinal Cord Injury Tool from the American Spinal 
Injury Association: (Fig. 3) [10].
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Fig. 3 American Spinal Injury Association: International Standards for Neurological Classification 
of Spinal Cord Injury. (With Permission from American Spinal Injury Association (“ASIA”))
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Clinical and Technical Pearls
• The initial assessment should be as thorough as possible, while being per-

formed in an efficient manner, which can be accomplished and refined over 
the course of clinical practice.

• Pain assessment tools should be administered with a targeted purpose and 
clinical questions in mind.

 Provocative Testing

Special testing specific to the anatomic location can be performed to further delin-
eate causes of pain. Many special tests for each anatomic region exist and are too 
numerous to list in this chapter. Further reading on this topic is listed at the end of 
this chapter.

6  Post-procedure Evaluation

Many of the history and examination components described at the beginning of this 
chapter can be repeated after a procedure to determine if there has been a clinically 
significant improvement for the patient. Pain assessment tools should also be imple-
mented post-procedure as a means of subjective comparison to the post-procedure 
state, as information regarding treatment effectiveness can be gleaned from repeti-
tion post-procedure. In addition to tools for post-procedure assessment in young 
children, discussion with the caregiver can also give insight to how the child’s 
behavior and activity has changed. In cognitively impaired adults or elderly, the 
same holds true in regard to repeating assessments and discussion with caregivers 
when available. “Additional monitoring should include vital signs of blood pressure 
and heart rate to determine if sympathetic discharge from pain symptoms is being 
controlled” [11].

Based on the treatment response and the patient’s overall satisfaction, an on- 
going treatment plan should be established. If the response is suboptimal, the over-
all encounter should be reviewed, as the importance of a correct diagnosis to ensure 
appropriate treatment cannot be stressed enough. If the diagnosis remains after re- 
evaluation, alternative interventional and/or pharmacologic therapies should be 
considered if the patient feels treatment was suboptimal. If the procedure is viewed 
as successful, a plan should be formulated for the event of worsening or return of 
symptoms. Post-procedure goals should be an adequate reduction in the patient’s 
pain, as well as to provide ongoing treatment for further improvement in pain and 
overall quality of life. Many of these questions should be asked, and the clinician 
will likely develop his or her own strategy over time to adequately address the 
patient’s status after a procedure.
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• Expectations of procedural outcome should be discussed upfront and prac-
titioners should provide appropriate feedback regarding those expectations.

• A pre-procedure patient baseline should be established, then reassessed 
immediately post-procedure and over time to monitor symptoms; as treat-
ment does not end after the procedure, appropriate follow up and ongoing 
care are vital to overall patient improvement.
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Pharmacotherapy of Pain 
in the Hospital: Review of Limitations
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Essential Concepts
• There are significant limitations for pharmacological therapy of pain in 

some patients in certain patient populations.
• Familiarity with pharmacological pain management options and their limi-

tations and risks is essential.
• NSAIDs can lead to increased risk of ulcer formation and bleeding and 

Acetaminophen overuse can lead to liver failure while regular use can 
mask fever.

• Antidepressants and antiepileptics can have a wide variety of side effects 
ranging from tachycardia to serotonin syndrome to fatigue and dependence 
depending on the medication used.

• Skeletal Muscle Relaxants have several central nervous system and respi-
ratory depressant effects.

• Opioids, while effective for acute pain, are not the best choice for certain 
patients given the risk factors associated with their use and their lack of 
long-term efficacy.

• Bedside interventional procedures could be a reasonable alternative strat-
egy to help patients who are at risk for polypharmacy or side effects from 
pharmacological treatment of pain.
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1  Background

Pain is prevalent in the hospital setting and has been shown to occur in 37.7–84% of 
the patient population. Pain can be difficult to control and, if inadequately treated, it 
has been shown to produce unwanted clinical outcomes and increase the risk of 
developing chronic pain [1]. There are various classes of medications that are uti-
lized for pain management. As with any medication, these pharmacologic options 
come with the risk of adverse effects. It is important to become familiar with the 
limitations of pharmacotherapy to help guide treatment selection. Understanding 
these limitations allows one to consider when interventional bedside procedures 
may be appropriate, with the goal of improving patient outcomes.

2  Pain Medications

 Non-steroidal Anti-inflammatory Drugs (NSAIDs)

Non-steroidal anti-inflammatory drugs (NSAIDs), such as Ibuprofen, Naproxen, 
Ketorolac, and Meloxicam, are commonly used for pain control. They inhibit cyclo-
oxygenase (COX) enzymes and subsequently decrease the formation of prostaglan-
din precursors. Due to their mechanism of action, NSAIDs carry a risk for various 
adverse effects. The decrease in prostaglandin production leads to a decrease in 
mucin and bicarbonate production as well as decreased mucosal proliferation. This 
puts patients at an increased risk for the development of gastric ulcers. The decrease 
in prostaglandin production also inhibits platelet aggregation, putting patients at an 
increased risk for bleeding. NSAIDs exhibit negative effects on the kidneys and 
cardiovascular system as well. They cause afferent arteriole vasoconstriction in the 
kidneys leading to an increase in sodium and water reabsorption and a decrease in 
blood flow. This can lead to acute kidney injury, edema, and hypertension [2].

 Acetaminophen

Another commonly used medication to treat pain is Acetaminophen. Although gen-
erally thought of as a safe medication, it has its limitations as well. One such limita-
tion is the potential of hepatotoxicity and the risk of overdose at large doses [3]. 
Acetaminophen is the most common cause of liver transplants in the United States 
(U.S.) (Fig. 1) . it has been shown to result in 50,000 emergency department visits, 
10,000 hospitalizations, and 500 deaths per year [4, 5]. Aside from its analgesic 
effects, Acetaminophen also has antipyretic effects. The antipyretic effect is a result 
of COX enzyme inhibition, the rate-limiting step in prostaglandin synthesis, which 
regulates heat production and fever. This effect can become a limitation in a patient 
with an undiagnosed infection since fever is a cardinal sign of infection. Masking 
fever with acetaminophen could lead to delays in diagnosis and treatment [5] 
(Fig. 1).
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Acetaminophen Exposure

Hepatitis A or B

Autoimmune Disease

Indeterminate Cause

Other Drug Induced Liver Injury

Other Cause

Ischemia

Wilson’s Disease

Fig. 1 Causes of acute 
liver failure [14]

 Antidepressants and Antiepileptic Drugs

Select antidepressants and antiepileptic drugs are often used to treat pain. They 
exhibit their effects by acting on various neurotransmitters and ion channels. A 
common class of antidepressants used for pain control is tricyclic antidepressants 
(TCAs), such as Amitriptyline and Nortriptyline. Common side effects associated 
with TCAs include anticholinergic effects such as dry mouth, urinary retention, 
blurred vision, and tachycardia. Additional antidepressant agents used for pain con-
trol include Bupropion, Venlafaxine, and Duloxetine. Side effects associated with 
Bupropion include tachycardia, insomnia, agitation, and increased risk of seizures. 
Venlafaxine and Duloxetine have many drug interactions due to their mechanism of 
action and cytochrome P450 metabolism. They increase serotonin and should be 
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used with caution in other serotonergic agents to avoid serotonin syndrome. 
Common antiepileptic drugs that are used for pain control include Gabapentin and 
Pregabalin. Side effects associated with these agents include sedation, dizziness, 
weight gain, and physical dependence [6].

 Skeletal Muscle Relaxants

Skeletal muscle relaxants are commonly used to treat pain affecting the bone, mus-
cles, tendons, and ligaments. These agents can be broken up into two categories, 
antispasmodic agents and antispastic agents, each of which comes with its own set 
of side effects. A common side effect of this medication class is central nervous 
system depression. There are a wide variety of medication-specific side effects 
within the class as well. Examples of agent-specific side effects within the class 
include withdrawal seizures with Baclofen, anticholinergic effects and QTc prolon-
gation with Cyclobenzaprine, abuse, and misuse with Carisoprodol, and increased 
risk of cognitive impairment, falls, and delirium with Diazepam. Although com-
monly prescribed long-term, these agents are only recommended for short-term use 
due to the risk of physical dependence. There is limited data comparing agents 
within the class and treatment is often selected based on side effect profile and 
patient-specific factors [7].

 Opioids

Opioids are commonly used to treat pain due to their known efficacy in the acute 
setting [8]. However, evidence of long-term efficacy in non-cancer pain has been 
insufficient [9]. In 2017, there were more than 191  million opioid prescriptions 
dispensed in the United States (U.S.). Opioids are associated with serious side 
effects, including respiratory and central nervous system (CNS) depression, consti-
pation, dependence, and addiction [10].

Opioid-induced ventilatory impairment (OIVI) is a common side effect that 
occurs when there is a combination of respiratory depression, sedation, and airway 
obstruction. This combination leads to decreased ventilation and increased carbon 
dioxide levels. It has been shown that OIVI is associated with an increased risk of 
mechanical ventilation and death. Patients at an increased risk of respiratory depres-
sion and oversedation include the following patient populations: the elderly, the 
opioid naïve, current or previous smokers, the morbidly obese, those on increased 
opioid doses, and those with concomitant sedative medications (benzodiazepines, 
antihistamines, central nervous system depressants, etc.). Additional risk factors 
include pulmonary disease, cardiac disease, major organ failure, sleep apnea, sleep 
disorder, snoring, and post-thoracic or upper abdominal surgery [11]. Opioid- 
induced constipation (OIC) is another common side effect, occurring in 40–95% of 
non-cancer patients. This side effect is due to the activation of μ receptors in the 
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gastrointestinal tract leading to an inhibition of gastric emptying and peristalsis. If 
left untreated, it has been shown that OIC can lead to hemorrhoids, fecal impaction, 
bowel obstruction, bowel rupture, and death [12].

A major concern with opioid medications is the risk of physical dependence and 
addiction. In 2016, more than 11.5 million patients in the U.S. reported misusing 
their prescriptions. In 2018, almost 47,000 overdose deaths occurred, 32% of which 
involved prescription opioids [10]. Due to the opioid epidemic at hand, it is impor-
tant to limit their use and reserve these agents for patients with a strong indication.

In addition to the previously mentioned side effects, opioids require close moni-
toring or avoidance in special patient populations. These medications are recom-
mended to be avoided in the elderly population due to the increased risk of 
respiratory depression and falls. The pediatric population has limited evidence for 
use and has an increased risk of respiratory depression and future misuse. It is rec-
ommended to avoid opioids in pregnant women due to the risk of premature birth, 
birth defects, and neonatal abstinence syndrome [13]. Patients with renal or hepatic 
impairment should be monitored closely due to decreased metabolism of these med-
ications leading to increased serum concentrations and increased risk of adverse 
effects.

3  Pain Consult/Bedside Procedures

Patients with conditions that may benefit from an evaluation for possible bedside 
pain interventions include: postoperative pain, opioid administration prior to admis-
sion or opioid tolerance, frequent admissions for pain control, high opioid require-
ments (acute injuries, sickle cell disease, abdominal pain, etc.), limited tolerance to 
pain medications, pain accompanied by anxiety or depression, special populations 
(elderly, pregnant, history of substance abuse, etc.), change in mental status possi-
bly related to pain medications, and patients with implanted devices (spinal cord 
stimulators, intrathecal pain pumps, etc.). Patients who may be candidates for alter-
native treatment such as injections include patients with acute or chronic pain and 
limited tolerance to medications, patients who may benefit from nerve blockade 
(acute radicular pain, rib and other fractures, etc.), or patients who are candidates 
for joint, muscle or tendon sheath injections.

4  Conclusion

Treatment of acute on chronic pain in the hospital setting can be challenging. There 
are recognized limitations of pharmacological therapy. When selecting a pain medi-
cation, it is important to take these limitations into consideration. Bedside pain 
management interventions may be a reasonable option for patients with actual or 
potential concerns with pharmacological therapy of pain and should be considered 
when appropriate.
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Essential Concepts
• Balance patient safety and patient comfort during interventional pain 

procedures.
• Determine the appropriate choice for sedation (or no sedation) depending on 

the type of interventional pain procedure and the patient’s comorbidities.
• Recognize that sedation may confound the results of diagnostic pain proce-

dures and expose patients to unnecessary and more invasive further procedures.
• Consider which inpatients are not appropriate candidates for invasive pain 

management techniques (e.g., patients with substance abuse, coagulopathy 
or systemic pain disorders like sickle cell disease) and utilize other pain 
management techniques, including ketamine, lidocaine, and dexmedeto-
midine infusions.

• Identify potential complications of sedation, including airway compro-
mise, hemodynamic collapse, predisposition to nerve injury, and disinhibi-
tion/agitation.
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1  Overview

The array of interventional pain procedures is becoming increasingly complex and 
can occur in many different settings, including pain clinics, procedure rooms, sur-
gery centers, inpatient floors, and intensive care units. Balancing patient comfort 
during the procedure and risk of sedation is key. Medications for sedation may pro-
duce varying degrees of amnesia, anxiolysis, and analgesia for patients undergoing 
interventions for acute or chronic pain. They may also alter the patient’s conscious-
ness and potentially confound the certainty for diagnostic procedures or result in 
complications such as airway compromise. Therefore, it is essential to balance 
patient safety and patient comfort during interventional pain procedures and choose 
the appropriate type and level of sedation.

2  Historical Aspects, Levels of Sedation

The history of interventional pain management began in 1884 with Koller’s discov-
ery that cocaine numbs the tongue. Consequently, in the early twentieth  century 
multiple interventional techniques were developed using local anesthetics; these 
include caudal epidural injections, trigeminal ganglion block, neuraxial anesthesia, 
epidural diagnostic blockades, and others [1–3]. Over time, procedures became 
increasingly complex and prolonged, requiring deeper levels of sedation or general 
anesthesia.

The American Society of Anesthesiologists (ASA) and the Joint Commission 
consider sedation a continuum that ranges from minimal sedation, through moder-
ate (conscious) sedation, to deep sedation, in addition to general anesthesia (Table 1) 
[4]. Although sedation may not be needed in simple pain procedures, physicians are 
utilizing it more often due to the benefit of anxiolysis in ailing patients with high 

Table 1 Levels of sedation

Minimal 
sedation 
anxiolysis

Moderate 
sedation/analgesia 
(“conscious 
sedation”)

Deep sedation/
analgesia

General 
anesthesia

Responsiveness Normal 
response to 
verbal 
stimulation

Purposeful 
response to verbal 
or tactile 
stimulation

Purposeful response 
following repeated 
or painful 
stimulation

Unarousable 
even with 
painful stimulus

Airway Unaffected No intervention 
required

Intervention may be 
required

Intervention 
often required

Spontaneous 
ventilation

Unaffected Adequate May be inadequate Frequently 
inadequate

Cardiovascular 
function

Unaffected Usually 
maintained

Usually maintained May be impaired

Adapted from [4]. ASA Continuum of Depth of Sedation, ASA Continuum of Depth of Sedation: 
Definition of General Anesthesia and Levels of Sedation/Analgesia. Committee of Origin: Quality 
Management and Departmental Administration, 2009 (Approved by the ASA House of Delegates)
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levels of pain and discomfort; a “painless” procedure may also distinguish one phy-
sician’s practice from another’s and drive a referral base [5].

3  Anesthesia for Outpatient Procedures

Choosing the appropriate level of sedation and anesthesia depends on the complex-
ity and difficulty of the interventional pain procedure and the patient’s comorbidi-
ties. Interventions range from simple office procedures to operating room procedures; 
accordingly, the level of sedation required also varies (Table 2) [6].

Patients tolerate most simple in-office procedures without sedation, such as trig-
ger point injections and major or minor joint or bursa injections and often with 
minimal local skin infiltration [6]. Infusions with lidocaine or ketamine require 
standard ASA monitoring due to their potential sedative side effects and potential 
changes in hemodynamic parameters [6]. In particular, patients undergoing ket-
amine infusions for various types of neuropathic pain are routinely pre-treated with 

Table 2 Common interventional pain procedures and their anesthetic management

Locations Procedures Fluoroscopy Ultrasound

Types of 
sedation/
anesthesia

Office Trigger points − ± None
Major/minor joint injection/
bursa injections

− ± None/local skin 
infiltration

Infusions (lidocaine/ketamine) − ± None/minimal/
moderate 
sedation

Pain clinic 
procedure 
room/
ambulatory 
surgery center

Routine procedures: Epidural 
steroid injections, transforaminal 
epidural steroid injections, 
medial branch nerve blocks, etc.

+ ± Local skin 
infiltration, ± 
minimal 
sedation

Complex procedures: 
Sympathetic chain blocks, 
discographies, gasserian 
ganglion blocks and RF, 
minimally invasive lumbar 
decompression, pump trial, 
spinal cord stimulator trial, bone 
marrow biopsy

+ − Local skin 
infiltration, ± 
minimal 
sedation

± ± Local skin 
infiltration, ± 
minimal 
sedation and ± 
regional 
anesthesia

Surgery center 
operating room

Kyphoplasty, spinal cord 
stimulator, drug delivery system 
insertion

+ – Local 
infiltration, deep 
sedation, general 
anesthesia, 
regional 
anesthesia

Adapted from [6]. Anitescu M.  Chronic pain: anesthesia for procedures. Anesthesiol Clin. 
2014;32(2):395–409, with modifications
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midazolam to blunt the psychotropic effects from ketamine. Adding the hypnotic 
effects of ketamine, these patients often experience moderate levels of sedation dur-
ing their outpatient visit to the pain clinic.

Sedation techniques vary depending on the type of pain practice, whether a 
standalone pain clinic with its own pain procedure rooms or one associated with an 
ambulatory surgery center with procedures performed in the operating rooms.

Sedation performed in pain clinic procedure rooms and ambulatory surgery cen-
ters vary greatly among various practices. In a survey of 61 pain practices giving IV 
sedation (including 79% anesthesia practices), 46% gave IV sedation for lumbar 
epidurals, 53% for cervical epidurals [7], 80% for radiofrequency ablation, 65% for 
intra-articular joint injections, and > 90% for discography and stimulator trials [7]. 
Other surveys to determine patient satisfaction found no benefit of sedation with 
epidural, spinal, and zygapophyseal joint injections [8, 9]. There is insufficient evi-
dence regarding whether or not sedation has a role in reducing vasovagal reactions 
in interventional spine procedures for patients undergoing pain procedures for the 
first time. Vasovagal reactions are rare and associated with male gender, younger 
age (<65), lesser pre-procedural pain (<5/10), and larger needle gauge [10]. 
However, it is suggested that in patients with a confirmed history of vasovagal reac-
tions, mild to moderate sedation may be beneficial [11].

Sedation, especially if it involves opioid medication, may confound the results of 
diagnostic procedures, such as selective nerve root block, medial branch nerve 
block, or discography, and may lead to unnecessary and invasive procedures such as 
radiofrequency ablation of the medial branch nerve, or spine surgery [6]. For 
patients on home opioid regimens, such as cancer patients who present for celiac 
plexus block, medications that routinely produce minimal sedation such as mid-
azolam and especially fentanyl can result in deep sedation upon completion of the 
block as pain relief is instantaneous with local anesthetic. While positioning during 
the procedure can be especially challenging in these very frail individuals, the low-
est dose of sedation medication is recommended to achieve comfort. This difficult 
situation is further complicated by the recommendation that, when a celiac plexus 
block is planned, use of home opioids be slightly reduced at least a few hours before 
the procedure in order to ensure a positive response to the block. Thus, positioning 
for this procedure may be challenging; completion of the procedure with the least 
amount of sedative to achieve comfort requires constant evaluation of patient during 
the procedure with frequent input and assessment of level of consciousness.

Among the longest and most complex pain-relieving interventions are spinal 
cord stimulator and generator placement, intrathecal pump insertion, and vertebral 
body augmentation with kyphoplasty and vertebroplasty. These procedures are per-
formed in operating rooms of ambulatory surgical centers where patients undergo 
deep sedation, general anesthesia, or regional anesthesia. Great care should be taken 
in patient positioning for vertebral body augmentation procedures as these patients 
are often frail; a neurological exam should be performed after the procedure [12]. 
Kyphoplasty is often performed under general anesthesia because active balloon 
distension can be painful. If the number of vertebrae being treated are greater than 
three for vertebral augmentation procedures, general anesthesia may also be 
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preferred due to the prolonged time in a potentially uncomfortable position [6]. If 
the procedure involves fewer than three vertebrae, patients may tolerate the proce-
dure under moderate or deep sedation with infiltration of local anesthetics. A 
patient’s comorbidities should be taken into account [12]. For example, patients 
with severe chronic obstructive pulmonary disease may benefit from a neuraxial 
technique with light sedation while maintaining the patient’s comfort. Some prac-
tices have the capabilities to perform vertebral augmentation procedures and spinal 
cord stimulator trials in their own offices; in these cases, sedation can be adminis-
tered and, depending on the patient’s comorbidities, it can vary from minimal to 
deep sedation with propofol and/or dexmedetomidine. Common sedation medica-
tions and doses are listed in Table 3.

Placement of a spinal cord stimulator is particularly challenging due to the need 
for patient input and feedback following lead placement. Short and uneventful trials 
can be performed in-office with minimal sedation. More challenging cases may 
require deeper levels of sedation either with dexmedetomidine or propofol that can 
be easily turned off for intermittent testing of the coverage. Ketamine is not advised 
as a sedative as it may alter a patient’s reaction to common questions.

Intrathecal drug delivery systems can be placed with a patient under general 
anesthesia or deep sedation; in some instances, regional anesthesia with delivery of 
local anesthetic through a needle or catheter allows less systemic medication and 
pain relief that can endure beyond the operating room. When local anesthetic is 
administered through a catheter, the main reason is primarily to ensure pain relief 
during tunneling and reservoir placement.

A variety of new and emerging procedures have been described in recent years, 
including minimally invasive lumbar decompression (mild) and interbody spacers. 
Both are indirect spine decompression techniques that either remove calcified liga-
mentum flavum or place a small winged implant between the spinous process to 
alleviate pain from spinal stenosis. In both cases, minimal to moderate sedation can 
be used for patient comfort.

In all situations where sedation is administered in outpatient clinics and/or ambu-
latory surgery centers, ASA monitors need to be applied. In operating rooms, an 
anesthesia team is necessary for moderate or deep sedation, while in office settings 
minimal or mild sedation can be administered by nurses under the guidance of a 
pain provider.

Table 3 Common sedation medications and doses

Drug Common IV sedation dosage for adults
Midazolam 0.5–2 mg, may repeat every 2–3 min as needed. Total dose 

2.5–5 mg
Fentanyl 25–50, may repeat every 5–10 min as needed. Total dose 100 μg
Propofol 0.5 mg/kg loading infusion followed by a maintenance infusion 

of 25–75 μg/kg/min
Ketamine and propofol 
(1:10) “Ketofol”

Titrate according to propofol, 25–75 μg/kg/min

Dexmedetomidine 1 μg/kg loading infusion for 10 min followed by a maintenance 
infusion of 0.2–0.6 μg/kg/h. Usual range 0.2–1 μg/kg/h
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4  Anesthesia for Inpatient and ICU Procedures

The use of mild to moderate sedation in inpatient settings for certain pain interven-
tions such as ultrasound guided peripheral nerve blocks remains controversial. 
Cases of long-term nerve injury have been reported in deeply sedated patients dur-
ing certain pain procedures [5]. However, it is also important to consider patient 
comfort, the setting in which the procedure is performed, and the type of pain inter-
vention. For example, in performing regional peripheral nerve blocks, the risk of 
complications is rare [13]. A study by Perlas et al. further found that only one third 
of patients noticed needle-to-nerve contact during ultrasound guided nerve localiza-
tion [14]. Based on these facts, it is reasonable to offer mild sedation to patients 
undergoing peripheral ultrasound guided nerve blocks (non-diagnostic, neuraxial 
procedures) as it may increase patient satisfaction without any additional risk. When 
giving sedation, it is important to monitor patients with standard ASA monitors.

Patients in a hospital setting are also in close proximity to health care profession-
als who can monitor and intercede if a patient is inadvertently over sedated. 
Therefore, it is not uncommon for patients to receive mild sedation with small doses 
of fentanyl and/or midazolam as a means to help with anxiolysis and procedure- 
related pain during ultrasound guided peripheral nerve blocks.

For inpatients who are not appropriate candidates for invasive pain management 
techniques (for example, those with substance abuse, coagulopathy or systemic pain 
disorders such as sickle cell disease), other pain management techniques exist, includ-
ing ketamine, lidocaine, and dexmedetomidine infusions. These drugs are good sub-
stitutes for opioid substances as they do not cause dependence or respiratory depression 
but do help with analgesia. Table 4 compares the various pharmacological effects of 
medications used in pain management. Intravenous lidocaine infusions can be effec-
tive for analgesia in patients with trigeminal neuralgia, fibromyalgia, cancer pain 
refractory, opioid therapy, and diabetic neuropathy [16]. However, because of its car-
diotoxic and neurological effects, patients on lidocaine infusions must be closely 
monitored and have blood values drawn within the first 12 h of infusion initiation. 
Table  5 describes the authors’ institutional protocol for lidocaine infusions. When 
lidocaine infusions are initiated in the operating room, bolus can be administered. 
However, when lidocaine is started on the floor, it is administered as a simple continu-
ous infusion. Blood levels (therapeutic of 1.5–6 ng/mL) are measured upon arrival in 
PACU if initiated during a procedure and checked once daily after that; levels at 12 h 

Table 4 Pharmacologic spectrum of agents used in interventional pain

Drug Anxiolysis Sedation Analgesia Amnesia Dependency
Midazolam + + 0 + +
Propofol 0 + 0 + +
Ketamine 0 0 + + +
Fentanyl 0 + + 0 +
Remifentanyl 0 + + 0 +
Dexmedetomidine 0 + + + 0/Aa

Data from [15]. Smith HS, Colson J, Sehgal N. An update of evaluation of intravenous sedation on 
diagnostic spinal injection procedures. Pain Physician 2013;16(Suppl 2):SE217–28
aAttenuates withdrawal symptoms from barbiturates, benzodiazepines, and opioids
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Table 5 Lidocaine infusion protocol at The University of Chicago Medical Center

Protocol Definition Restrictions Dosing Monitoring
Low dose Continuous 

infusion for 
optimal analgesia 
(max 24 h)

Ordered by acute 
pain service; 
available on floors 
with continuous 
telemetry

Bolus 
1–1.5 mg/kg 
over 10 min
Continuous 
thereafter at 
0.3–0.5 mg/kg/
ha

Drug level monitoring:
First level when patients 
arrive in PACU, 
subsequent levels daily 
with AM labs
Therapeutic blood 
level:1.5–6 mg/mL
Monitor side effects 
every 4 h with 
continuous telemetry 
for dysrhythmia

Moderate 
dose

Continuous 
infusion >24 h

Ordered by acute 
pain service
Available in PACU, 
ICU, ED

Bolus 
1–1.5 mg/kg 
over 10 min
Continuous 
thereafter at 
0.3–0.5 mg/kg/
ha

Continuous telemetry
Monitor clinical 
response
Monitor blood levels 
daily
Monitor for toxicity 
every 4 h

PACU post anesthesia care unit, ICU intensive care unit, ED emergency department
Source: The University of Chicago Protocols. Table adapted from Anitescu M. The patient with 
substance use disorder. Curr Opin Anaesthesiol. 2019;32(3):427–37
aBased on ideal body weight

Table 6 Ketamine infusion protocol at The University of Chicago Medical Center

Restriction
Dosing, dispensing, and 
administration Monitoring

APS consultation 
required to initiate 
therapy. Low dose 
ketamine infusion 
order set managed 
by APS

Doses 0.06–0.3 mg/kg/ha

Starting doses:
Adult: (assuming normal renal 
and hepatic function) start at 
0.12 mg/kg/ha

Consider starting at 0.06 mg/
kg/h for BMI < 18
Pediatric: 0.06 mg/kg/ha

Contraindications: Liver failure
Changes in infusion rates 
controlled by APS
Consider reducing current 
opioids, if possible, during 
ketamine titrations

Continuous pulse oximetry
Routine vital signs
Pain and sedation score every 2 h ×2 
then every 4 h thereafter
Monitor closely: Blood pressure 
changes, mental status changes, 
RR < 10 breaths/min, difficulty with 
arousal. If any of the above signs 
occur, then stop ketamine infusion and 
notify APS

APS acute pain service, RR respiratory rate
Source: The University of Chicago Protocols. Table adapted from Anitescu M. The patient with 
substance use disorder. Curr Opin Anaesthesiol. 2019;32(3):427–37
aBased on ideal body weight

are checked when started on the wards. Ketamine infusions are an alternative option 
for post-operative pain management. Ketamine is an NMDA antagonist that can be 
used as an opioid-sparing analgesic; its inpatient protocol is further detailed in Table 6. 
However, even at subanesthetic doses, ketamine can be associated with side effects 
such as hallucinations, hemodynamic instability, excessive agitation, and sedation.
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5  Potential Complications

The continuum of sedation has the potential to risk patient safety and result in pos-
sible complications when attempting to balance patient comfort during interven-
tional pain procedures. Past case reports have demonstrated poor outcomes for 
patients over sedated during epidural steroid injections or intrathecal catheters [5]. 
Other drawbacks to sedation include possible airway compromise, hemodynamic 
collapse, predisposition to nerve injury, and disinhibition/agitation. Also, in situa-
tions where mild sedation accidentally progresses to moderate and even further to 
deep sedation, airway compromise can occur. This can be the case when high doses 
of hypnotic medications, such as propofol, are administered with sedation [17].

Disinhibition and agitation that can cause uncontrolled movement can also occur 
during deep sedation [18]. The rise in chronic-pain related claims over the past few 
decades has expanded the debate over the use of sedation for diagnostic neuraxial 
procedures as it may increase the risk of needle malposition and thereby neural 
injury [19].

When describing the risks and complications of sedation during pain manage-
ment interventions, it is important to note that these risks are related to diagnostic 
neuraxial pain management techniques associated with deep sedation; they are not 
related to mild sedation used for ultrasound guided peripheral nerve blocks in out-
patient procedures.

All aspects of sedation—including the risks, benefits, challenges, and possible 
adverse effects—need to be reviewed with patients during discussions related to the 
procedure being performed. While patients prefer to be comfortable during the pro-
cedure, it’s important they understand the added risk of excessive sedation.

6  Conclusion and Future Directions

Many factors play a role in determining the use of sedation for pain management 
interventions. The type of procedure, the setting in which the intervention is per-
formed, and patient comfort and satisfaction are all part of the decision. For outpa-
tient procedures, including epidural steroid injections, joint injections, or other 
diagnostic neuraxial procedures, the use of sedation is limited, and local infiltration 
of lidocaine is commonly used. The more complex procedures performed in operat-
ing rooms, such as spinal cord stimulators and intrathecal drug delivery systems, 
moderate or deep sedation or general/regional anesthesia is typically provided by a 
separate team. For inpatient procedures, including non-diagnostic pain interven-
tions such as peripheral nerve blocks, patients may receive sedation as long as 
appropriate ASA monitors are used. For pain management in patients unable to 
tolerate interventional procedures, lidocaine and ketamine infusions are good pain 
management alternatives. In all instances, it is vital to discuss the risks and benefits 
of the anticipated sedation with the patient.

W. Pan et al.



35

References

1. Brown DL, Fink BR. The history of neural blockade and pain management. In: Cousins MJ, 
Bridenbaugh PO, editors. Neural blockade in clinical anesthesia and management of pain. 3rd 
ed. Philadelphia: Lippincott Raven; 1998. p. 3–34.

2. Cushing H. On the evidence of shock in major amputations by cocainization of large nerve- 
trunks preliminary to their division. Ann Surg. 1902;36:36–321.

3. Schloesser H. Heilung periphar Reizzustande sensibler und motorischer Nerven. Klin Monbl 
Augenheilkd. 1903;41:255.

4. ASA Continuum of depth of sedation: definition of general anesthesia and levels of sedation/
analgesia. Committee of Origin: Quality Management and Departmental Administration; 2009 
(Approved by the ASA House of Delegates).

5. Prager JP, Aprill C. Complications related to sedation and anesthesia for interventional pain 
therapies. Pain Physician. 2008;9(S1):S121–7.

6. Anitescu M. Chronic pain: anesthesia for procedures. Anesthesiol Clin. 2014;32(2):395–409.
7. Ahmed SU, Tonidandel W, Trella J, Martin NM, Chang Y.  Peri-procedural protocols for 

interventional pain management techniques: a survey of US pain centers. Pain Physician. 
2005;8(2):181–5.

8. Cucuzzella TR, Delport EG, Kim N, Marley J, Pruitt C, Delport AG. A survey: conscious seda-
tion with epidural and zygapophyseal injections: is it necessary? Spine J. 2006;6(4):364–9.

9. Kim N, Delport E, Cucuzzella T, Marley J, Pruitt C. Is sedation indicated before spinal injec-
tions? Spine (Phila Pa 1976). 2007;32(25):E748–52.

10. Kennedy DJ, Schneider B, Casey E, Rittenberg J, Conrad B, Smuck M, et al. Vasovagal rates 
in fluoroscopically guided interventional procedures: a study of over 8,000 injections. Pain 
Med. 2013;14(12):1854–9.

11. Kennedy DJ, Schneider B, Smuck M, Plastaras CT. The use of moderate sedation for the sec-
ondary prevention of adverse vasovagal reactions. Pain Med. 2015;16(4):673–9.

12. Burton AW, Hamid B.  Kyphoplasty and vertebroplasty. Curr Pain Headache Rep. 
2008;12(1):22–7.

13. Auroy Y, Benhamou D, Bargues L, et al. Major complications of regional anesthesia in France: 
the SOS regional anesthesia hotline service. Anesthesiology. 2002;97:1274–80.

14. Perlas A, Niazi A, McCartney C, et al. The sensitivity of motor response to nerve stimula-
tion and paresthesia for nerve localization as evaluated by ultrasound. Reg Anesth Pain Med. 
2006;31:445–50.

15. Smith HS, Colson J, Sehgal N. An update of evaluation of intravenous sedation on diagnostic 
spinal injection procedures. Pain Physician. 2013;16(Suppl 2):SE217–28.

16. Marmura M, Rosen N, Abbas M, et al. Intravenous lidocaine in the treatment of refractory 
headache: a retrospective case series. Headache. 2009;49:286–91.

17. Abram SE, Francis MC. Hazards of sedation for interventional pain procedures. Anesthesia 
Patient Safety Foundation Newsletter; 2012.

18. Braidy HF, Singh P, Ziccardi VB. Safety of deep sedation in an urban oral and maxillofacial 
surgery training program. J Oral Maxillofac Surg. 2011;69:2112–9.

19. Metzner J, Posner KL, Lam MS, et al. Closed claims’ analysis. Pract Res Clin Anaesthesiol. 
2011;25:263–76.

Further Reading

Anitescu M. Chronic pain: anesthesia for procedures. Anesthesiol Clin. 2014;32(2):395–409.
Anitescu M. The patient with substance use disorder. Curr Opin Anaesthesiol. 2019;32(3):427–37.

Sedation and Patient Monitoring for Bedside Pain Management Interventions



37

Bedside Joint, Muscle, and Tendon 
Injections: Overview

Howard Meng, Priodarshi Roychoudhury, 
and James S. Khan

1  Overview

Chronic pain is a major public health issue. An investigation of 25,916 consecutive 
patients attending a primary care clinic at 15 centers in 14 countries indicated that 
22% of patients suffer from chronic pain [1]. Similar survey studies in the United 
States (n = 27,035) and in Canada (n = 2012) report a prevalence of chronic pain of 

Essential Concepts
• Joints, tendons, and muscles are common sources of pain for patients.
• Ultrasound has significantly improved the accuracy and ease of performing 

a joint, tendon, or muscle injection at the bedside.
• A number of different medications exist for injection into these areas 

including emerging therapies such as platelet-rich plasma, hyaluronic acid, 
and mesenchymal stem cells.
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31% and 29%, respectively, suggesting that chronic pain may be more prevalent in 
North America [2, 3].

Chronic pain is associated with significant psychosocial distress, and there is a 
high co-occurrence with mood and psychological disorders (e.g., anxiety and 
depression) [4, 5]. Further, chronic pain places a financial strain on the patient, 
healthcare system, and society— pain is one of the top causes for work absenteeism 
and reduced productivity, and approximately one in five patients with chronic pain 
will lose their job because of their pain [6, 7]. A United Kingdom study identified 
that chronic pain resulted in 4.6 million visits to a primary care physician, which 
cost the system approximately £69 million ($100 million USD) a year [8]. The total 
direct and indirect costs of chronic pain are staggering and is estimated to be in the 
billions of dollars each year [9, 10].

A significant portion of patients with chronic pain suffer from musculoskeletal 
(MSK) pain. MSK pain comprises pain from muscles (myofascial pain), joints, or 
tendons. MSK pain is estimated to affect up to 47% of the general population [11]. 
Older age, low socioeconomic status, depression, anxiety, sleep disorders, and man-
ual work are potential risk factors for MSK pain. Management options for MSK 
pain include a number of strategies such as physical therapy, psychological counsel-
ling, oral analgesics, and interventional options [12, 13].

There are a number of interventional therapies targeting pain joints, tendons, and 
muscles. Performing these injections at the bedside can help reduce waiting times 
for operating room availability, which can be reserved for procedures requiring 
sedation, increased monitoring, or fluoroscopy. Bedside procedures, whether per-
formed as an inpatient or within an outpatient pain clinic, can facilitate early inter-
val improvement in pain, faster rehabilitation, and mitigate oral pharmacologic use.

2  Historical Aspects

Traditionally, bedside MSK procedures have been performed using landmark-based 
approaches. This practice relies heavily on normal anatomy and tactile feedback of 
the injection needle. Challenges that exist with this approach include access to 
deeper joints or use in patients with a larger body habitus. Success rates with 
landmark- based approaches have been variable ranging from 16.7% to 100% [14]. 
However, since it is not possible to visualize the needle tip with a landmark-based 
approach, it is not possible to guarantee adequate injection at the desired anatomical 
location and it can pose unnecessary risks with the potential of puncturing nearby 
tissues (e.g., blood vessels, viscera, lungs).

Ultrasound technology has significantly improved the accuracy of MSK proce-
dures. Numerous studies have demonstrated improved injection accuracy and 
decreased injection pain with ultrasound guidance [14]. Accuracy of upper and 
lower extremity injections using ultrasound has consistently resulted in greater than 
90% accuracy. Benefits of ultrasound-guided procedures include needle visualiza-
tion confirming placement in the joint or targeted tissue, real-time visualization of 
clear spread of the injectate, and improved safety by avoiding neurovascular struc-
tures and inflicting less needle trauma [15].
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Acquisition of appropriate ultrasound images is highly user-dependent. A learn-
ing curve exists for the safe and accurate use of ultrasound-guided injections [16]. 
Individuals may have difficulties visualizing two dimensional structures while con-
ceptualizing three-dimensional structures. Other challenges with ultrasound use 
include the presence of acoustic artifacts, optical illusions, and random noise. 
Patient characteristics including obesity, edema, air, muscle atrophy, and the need to 
access deeper anatomical targets pose further difficulties for the operator [17].

 Types of Injections

A number of procedural options exist for joint, tendon, and muscle-related pain. 
Muscle pain, otherwise known as myofascial pain, is characterized by regional pain 
originating from hyperirritable spots known as myofascial trigger points (MTrPs) 
[18]. Several studies have suggested that myofascial trigger points accounted for the 
primary source of pain in up to 85% of patients presenting to a primary care clinic for 
pain evaluation [19]. Several injections exist for MTrPs, which are believed to 
mechanically disrupt dysfunctional activity in the motor endplates by both direct 
need placement and by injection of medications [20]. Dry needling is a common 
technique where a needle is placed into a trigger point with multiple passes, resulting 
in a local twitch response from rapid depolarization of the involved muscle fibers 
[21]. Apart from dry needling, injection of medications (wet needling) including 
local anesthesia, botulinum type A toxin (BoNT-A), and steroids can be used to alle-
viate myofascial pain [18]. Unfortunately, there are limited evidence to identify 
whether dry or wet needling is superior and which type of medication is most helpful.

Further, there are a number of joint and tendon injections that can be done at the 
bedside using ultrasound guidance. A number of tendon dysfunctions such as trig-
ger fingers, rotator cuff tendinopathies, epicondylitis, biceps tendinopathy, and 
Achilles tendinopathy could be considered for injection therapy [22]. Furthermore, 
bedside injection of a number of small and large joints (i.e., zygapophyseal, 
acromio- clavicular, glenohumeral, hip, and knee joints) can also be performed reli-
ably using ultrasound guidance [23].

 Types of Injection Medications

Several different types of medications are commonly used in bedside procedures. 
Selection of these medications are based on both the etiology of pain and the pur-
pose of the injection. Some injectates are combined (i.e. mixture of local anesthetics 
and steroids) in hopes of providing an additive or synergistic effect, although evi-
dence for this is lacking. Here we discuss commonly used injection medications 
along with their potential risks and benefits.

Steroids are among the most commonly used medications for joint, tendon, and 
muscle injections. Most commonly used steroids are methylprednisolone, triamcino-
lone, betamethasone, and dexamethasone [24]. Steroids have an anti- inflammatory 
effect acting directly and indirectly to suppress the activity of pro-inflammatory 
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cytokines by inhibition of phospholipase A2 activity [25]. Much of the clinical dif-
ference that exists between types of steroids is based on water solubility and aggrega-
tion characteristics resulting in the classification of particulate (poorly soluble) or 
non-particulate (soluble) steroids. Particulate steroids are ester preparations requir-
ing hydrolysis by cellular esterases to produce the active moiety which results in the 
benefit of clinically longer duration of effect [26]. Non- particulate steroids may be 
safer in that regard however, they have shorter duration of anti-inflammatory effects. 
Systemic effects of steroid use are dose-dependent and commonly manifest as tran-
sient hypertension, hyperglycemia, post-injection flare, facial flushing and mood 
alterations [22]. Higher risk complications include septic arthritis, avascular necro-
sis, and tendon rupture and repeat steroid injections can result in local tissue atrophy 
and skin de-pigmentation [27].

Local anesthetics act by blocking sodium channels in the nerve membrane, inter-
fering with the propagation of action potentials along the axon. They are often used 
for both diagnostic and therapeutic purposes, and often in combination with steroids 
and with a vasoconstrictor (i.e., epinephrine) which can increase the duration of 
effect and risk of local anesthetic toxicity [26]. Local anesthetics are synthesized as 
hydrochloride salts to render them water soluble. Intra-articular local anesthetics 
can improve postoperative pain scores and reduce narcotic consumption [28]. While 
local anesthetics appear to be safe when used in tendon, joint, and muscle injec-
tions, there are concerns for potential side-effects. Intravascular injections of local 
anesthetics can cause local anesthesia toxicity, resulting in central nervous system 
dysfunction and cardiorespiratory collapse—case reports have been published 
reporting local anesthesia toxicity after a single injection [29]. Further, local anes-
thesia appears to be toxic to both muscles and chondrocytes [30, 31].

3  Recent Developments

Hyaluronic acid is a glycosaminoglycan that is found within synovial fluid and the 
cartilage matrix [32]. Normal concentrations of hyaluronic acid as part of synovial 
fluid provides viscous lubrication during joint movements and provides shock- 
absorbing effects. Synthetic hyaluronic acid has been developed as a potential ther-
apy for joint injections. It is believed to provide an analgesic effect via several 
mechanisms including anti-inflammatory, anabolic, analgesic, and chondroprotec-
tive mechanisms [33]. Specifically, hyaluronic acid can increase chondrocyte prolif-
eration, decrease chondrocyte apoptosis, and retard the overall osteoarthritic process 
that results in joint space narrowing. Different products for use exist that vary in 
molecular weight, hyaluronic acid concentration, elasticity, and viscosity. Intra- 
articular hyaluronic injections are considered safe with transient local reaction of 
injection site reaction and injection site pain, with systemic reactions being rare [34].

PRP (platelet-rich plasma) is also another novel injection for MSK pathologies 
that requires separating the patient’s blood to collect a solution that is generally four 
to six times the baseline concentration of platelets [35]. With injection of platelets, 
it is believed that they become activated and causes the release of these growth 
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factors leading to an anti-inflammation effect and promotion of healing [36]. Prior 
studies suggested that 5% was the optimal concentration of platelets required to 
stimulate chondrocyte proliferation from an intraarticular injection [37]. Preparations 
of PRP vary considerably and can include leukocyte-rich or leukocyte-poor solu-
tions [38]; leukocyte-rich preparations are preferred for tendon injections while 
leukocyte-poor preparations are preferred for intraarticular injections. A recent sys-
tematic review has evaluated the use of PRP for tendon and ligament pathologies 
and overall reports positive findings, particularly for lateral epicondylitis and rotator 
cuff tendinopathy [39]. Several reviews have suggested that PRP may be beneficial 
for intraarticular injection, particularly in the knee [40, 41].

Mesenchymal stem cells (MSCs) are an emerging therapy used for joint and 
tendon-related pain. It is believed that since MSCs have pluripotency properties, 
they can differentiate into different cell lineages, including type II chondrocytes, 
which can then produce cartilage in deficient joints with osteoarthritis [42]. MSCs 
can also be derived from bone marrow, adipose tissues, umbilical cord, and from 
synovium itself, with the greatest yields from adipose tissues [43]. MSCs have been 
studied in a number of animal models and small human studies and have shown 
some favorable findings [44]. Apart from stem cell differentiation and release of 
cartilage, MSCs are believed to possess robust anti-inflammatory properties by 
antagonizing resident macrophages from secreting pro-inflammatory cytokines 
[45]. Nonetheless, most studies are small and low-quality and there is a pressing 
need for more evidence for the use of this therapy.

4  Conclusions and Future Directions

Joint, tendon, and muscle injections are frequently performed procedures to allevi-
ate pain. Bedside procedures can help provide immediate access to these therapies 
with minimal waiting times to operating room or procedure suites. The wide avail-
ability of ultrasound machines has allowed greater availabilities for clinicians to 
offer bedside procedures; however, there is a learning curve to obtain adequate skills 
required for ultrasound-guided procedures.

An increasing number of resources are becoming available on different types of 
joint, tendon, and muscle injections. Further, different injectates are available 
depending on the type of injection and presumed cause of pain. More evidence is 
needed on emerging therapies such as hyaluronic acid, platelet-rich plasma, and 
mesenchymal stem cells to definitively identify the efficacy and safety of these 
therapies.
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Bedside Peripheral Nerve Blockade: 
Overview

Andrew T. Burzynski and Jinlei Li

1  Introduction

Regional Anesthesiology is a continuously evolving field of Anesthesiology which 
is able to provide pain relief for diagnosis and treatment purpose, as well as surgical 
anesthesia to assist a surgical procedure. Regional Anesthesia allows for a more 

Essential Concepts
• Peripheral nerve blocks and catheters are an effective means of analgesia 

in the hospitalized patient and clinic patients alike.
• Peripheral nerve blocks and catheters decrease opiate consumption and 

subsequent side effects including nausea, vomiting, delayed return of 
bowel function while also decreasing hospital length of stay and develop-
ment of chronic pain [1, 2].

• Through use of ultrasound guidance, regional anesthesia is a safe, effec-
tive, and anatomically specific means of providing analgesia for the surgi-
cal and non-surgical patients.
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localized and specific pain relief modality as compared to systemic opioids, and its 
use has grown from its original inception more than 100 years ago for a variety of 
orthopedic procedures, which were very well adapted to benefit from the specificity 
which regional anesthesia allows [3]. As the field has grown and its clinical benefits 
became more evident, the application of regional anesthesia techniques broadened 
to include many other types of surgeries as well as for acute pain management inter-
ventions. With the advent of peripheral nerve catheter use, the utilization of regional 
anesthesia for pain relief was broadened even further as continuous infusions could 
lengthen the period of pain relief even further than a single shot injection may pro-
vide [3]. Ultrasound guidance further improved the safety of performing peripheral 
nerve blocks as well as allowing for the execution of more technically challenging 
peripheral nerve blocks as our understanding of the beneficence improved. Today, 
there are a variety of applications of this ever-evolving field which may help patients 
in many different clinical scenarios. This brief overview will provide a basic under-
standing of required materials, patient selection, different examples of specific 
peripheral nerve blocks, and application of those blocks for the hospitalized patient.

2  Bedside Peripheral Nerve Blockade: Overview

 Background

 Materials, Location, and Supplies
Settings in which a bedside nerve block could be performed include the clinics, 
emergency room, perioperative locations, hospital beds, and intensive care units can 
all be optimized to satisfy the necessities for performing a peripheral nerve block in 
each of those locations without compromise to patient safety and outcomes (Fig. 1). 
Of utmost importance is to maintain certain specifications to ensure the safety of the 
patient at all times [4]. Each location should have the capability to monitor the 
patient with standard American Society of Anesthesiologists (ASA) monitoring 
devices including blood pressure, electrocardiogram, and pulse oximetry. [4] 
Additionally, access to resuscitation supplies including but not limited to emergency 
medication, intralipid, airway intervention devices and oxygen should be readily 
available, particularly if IV anxiolytics or opiates are administered to the patient 
(Table 1). A quiet location with privacy for the patient and team to work will help to 
alleviate undo stressors to the patient and to allow the team to work expeditiously. 
As with any bedside procedure, patient consent must be obtained explaining the 
risks, benefits, and alternatives to the procedure. A timeout should be performed 
with patient identifiers, procedures and laterality verified.

 Ultrasound
The majority of nerve blocks can be done utilizing an 8–16 MHz linear array probe. 
The linear array ultrasound probe optimizes needle visualization and detailing of 
superficial structures (less than 4–5 cm). 2–5 MHz Curvilinear probes utilizing a 
lower frequency have their place for deeper blocks or when necessitated by patient 
body habitus for deeper tissue penetrance (>5 cm).
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Fig. 1 Block bay set up in a pre-operative hospital bay. Standard ASA monitors including EKG, 
pulse oximetry, and non-invasive blood pressure monitoring, nasal cannula, ultrasound machine 
with both linear (6–15 MHz) and curvilinear (2–5 MHz) ultrasound probes, nerve block cart with 
necessary medications and supplies

 Needles and Catheters
The ideal needle for peripheral nerve blocks will be small gauge to avoid tissue 
trauma, short bevel/non-cutting to avoid injury in the rare event of contact with neu-
ral fascicles, insulated when in combination with nerve stimulator devices, and one 
could consider using echogenic ones to optimize visualization under ultrasound. The 
majority of upper extremity nerve blocks can be accomplished with 22-gauge × 2-in. 
needles as the brachial plexus is superficial when compared to other nerves of inter-
est. Lower extremity and truncal nerve blocks can be completed with 20 gauge or 
21-gauge × 4-in. needles in the majority of cases, with patient body habitus occasion-
ally requiring a 6-in. needle. If a catheter is to be placed, an 18-gauge × 4-in. short 
bevel needle with depth markings can be utilized to both administer the original 
bolus medication and thread the 20-gauge polyamide catheter (ideally poly-orifices) 
through when in the correct anatomic location (Fig. 2). Catheters can then be utilized 
with infusion pumps to administer a continuous infusion with optional self-adminis-
tered bolus titrated to patient need for prolonged analgesic effect.
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Table 1 Peripheral nerve block medications

Drug name Concentration Purpose Mechanism of action
Ropivacaine 0.2%/0.5% Local anesthetic Reversible Na+ channel binding
Bupivacaine 0.25%/0.5% Local anesthetic Reversible Na+ channel binding
Lidocaine 1%/2% Topical anesthetic/local 

anesthetic
Reversible Na+ channel binding

Epinephrine 0.1 mg/mL Resuscitation Alpha and Beta agonist
Intralipid 20% Local anesthetic 

systemic toxicity 
treatment

“Lipid sink” local anesthetic 
absorbent

Phenylephrine 100 μg/mL Resuscitation Alpha 1-adrenergic agonist
Ephedrine 5 mg/mL Resuscitation Increased norepinephrine activity at 

postsynaptic alpha and beta 
receptors

Glycopyrrolate 0.2 mg/mL Resuscitation Muscarinic anticholinergic
Propofol 10 mg/mL Induction agent Decreased GABA-receptor 

disassociation
Succinylcholine 20 mg/mL Paralytic Depolarizing neuromuscular 

blockade

Fig. 2 Sample perineural catheter set up. Items from upper left hand corner, clockwise: (1) 
Chlorhexidine stick (2) Ultrasound sleeve (3) Ultrasound gel (4) Liquid Adhesive (5) Adhesive 
bandages (6) Perineural catheter and clasp connector (7) Small transparent medical dressing (8) 
Large transparent medical dressing (9) 18-gauge Tuohy needle with extension, stopcock, and 
syringe (10) Fenestrated drape
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 Local Anesthetics
Local anesthetics disrupt the action potentials coursing along nerve fibers by 
targeting voltage-gated sodium channels [5]. The degree of nerve blockade is 
secondary to local anesthetic concentration, potency, and volume, clinically 
expressing itself differentially, first with temperature distinction, proprioception, 
then sharp pain, light touch, and motor blockade [5]. A variety of local anesthet-
ics such as 1–2% lidocaine, 0.2–0.75% Ropivacaine, 0.25–0.5% bupivacaine can 
be used for diagnostic, treatment or surgical anesthesia purposes. Bupivacaine 
and Ropivacaine are two commonly used local anesthetics for their prolonged 
and consistent duration of action and efficacy. Common adjuvants such as gluco-
corticoids have been used with success to augment block effects and prolong 
analgesic duration.

 Local Anesthetic Systemic Toxicity
Local Anesthetic Systemic Toxicity is a most feared complication for which any 
clinician performing regional anesthesiology should be educated on its clinical 
presentation and treatment modalities. LAST may cause neurologic and cardio-
vascular compromise, and can even prove to be fatal [6]. Patients risk factors 
include extreme age, disease burden, hypoalbuminemia, and impaired cardiac, 
renal, or hepatic function [6]. Risk factors which are independent of the patient 
include local anesthetic type, potency, volume, dosage, and location of injection 
and the systemic absorption from that site [6]. Seizures are the most common 
symptoms in cases of LAST, with prodromal symptoms such as lightheadedness, 
dizziness, and auditory or visual disturbances, tinnitus, and perioral numbness 
have been described [6]. Treatment entails management of the airway including 
hyperventilation with 100% FiO2. Convulsions should be abolished with benzodi-
azepam medications such as diazepam or midazolam. Mainstay of therapy is 20% 
Intralipids emulsion, dosing is 1.5  mL/kg over 2–3  min (100  mL in patients 
>70 kg) and then a continuous infusion of 0.25 mL/kg/min (200–250 mL over 
20 min in patients >70 kg) [6]. In setting of CPR or ACLS initiation, consideration 
should be made for cardiopulmonary bypass for the patient who is refractory to 
ACLS [6].

 Upper Extremity Nerve Blocks

Upper extremity nerve blocks can be best organized based on operative site and the 
nomenclature of each nerve block is based on the anatomic location of the nerve 
block to be performed. Based on the location of the nerve block, the brachial plexus 
(C4/5-T1/2) can be blocked at its roots, trunks, divisions, cords, or terminal branches 
to provide coverage for the specific anatomic area of interest for each specific pro-
cedure [7].
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 Interscalene Block
The Interscalene peripheral nerve block is performed at the level of the roots/
trunks of the brachial plexus and provides primarily C5 to C7 blockade with 
occasional involvement of C3 or C4 [8]. Thus, the Interscalene block provides 
excellent coverage of the proximal upper extremity, particularly the shoulder [8]. 
If the distal extremity needs to be covered, the Interscalene block is not suitable 
for coverage due to its sparing of the Ulnar nerve [7]. Additionally, caution 
should be used in patients with significant pulmonary compromise due to tempo-
rary phrenic nerve involvement which can cause ipsilateral diaphragmatic pare-
sis and decrease lung function by as much as 25% [8, 9]. An appropriate dose for 
an effective surgical or analgesic block will be around 15–30 mL of choice local 
anesthetics [8].

 Supraclavicular Nerve Block
As we work our way distally along the brachial plexus, the next commonly used 
upper extremity peripheral nerve block is the supraclavicular block. This is per-
formed at the level of the trunks/divisions of the brachial plexus and can provide 
reliable coverage of the upper extremity distal to the mid upper arm [8]. In fact, 
evidence suggests that high supraclavicular nerve blocks/superior trunk brachial 
plexus block [10] are associated with less incidence of dyspnea, Horner’s syndrome, 
or hoarseness and no greater need for rescue analgesia when compared to the classic 
interscalene block for shoulder surgery [10, 11]. 20–30 mL of choice local anesthet-
ics of different concentrations can be used to achieve anesthesia or analgesia respec-
tively [8].

 Infraclavicular Nerve Block
The infraclavicular peripheral nerve block is where the lateral, medial, and posterior 
cords can be found along the axillary artery [7]. Similarly as supraclavicular block, 
infraclavicular nerve block will produce analgesia of the distal upper extremity [7]. 
There is much less likelihood of phrenic nerve involvement in comparison with the 
interscalene or supraclavicular nerve block and so this may be a suitable alternative 
for a patient with compromised lung function [7, 8]. 20–40 mL of choice local anes-
thetics will provide appropriate surgical anesthesia or analgesia [8]. If necessary for 
post-operative analgesia, interscalene, supraclavicular or infraclavicular catheters 
can also be placed for prolonged analgesic coverage [12].

 Axillary Nerve Block
Continuing to traverse down the upper extremity at the location of the terminal 
branches of the brachial plexus, an axillary peripheral nerve block can be performed 
for analgesia of the hand, wrist, and forearm [7, 8]. Care must be taken to addition-
ally block the musculocutaneous nerve, which may lie in a separate fascial plane 
from the terminal branch median, ulnar, and radial nerves found clockwise around 
the axillary artery in order to ensure coverage of the lateral forearm [8]. Due to the 
distal location, it is highly unlikely to develop phrenic nerve involvement or 
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pneumothorax during the axillary nerve block, however, risk of arterial puncture, 
hematoma, and inadvertent local anesthetic systemic toxicity must be considered 
when performing this peripheral nerve block [7].

 Lower Extremity Nerve Blocks

Lower extremity nerve blocks, similarly to the upper extremity nerve blocks, can be 
organized proximally to distally along the extremity depending on the area of need 
for local anesthetic effect and expectant results of the nerve block being performed 
at particular sites. Similarly, the lower extremity can also be simplified by dividing 
it into its origins of the lumbar plexus, which gives rise to the femoral nerve, and 
sacral plexus, which gives rise to the sciatic nerve, respectively. Some of the more 
common lower extremity blocks will be further detailed below.

 Femoral Nerve Block
The femoral nerve is the largest branch of the lumbar plexus composed of L2, L3, 
and L4 nerve roots [13]. The femoral nerve supplies sensation to the anterior medial 
thigh as well as the medial lower leg which is supplied by the saphenous nerve 
branch of the femoral nerve. Femoral nerve block will have motor blockade of the 
anterior thigh, including the vastus medialis, vastus lateralis, vastus intermedius, as 
well as the sartorius muscle and the rectus femoris leading to quadriceps weakness 
[8]. The femoral nerve block can be used acutely for analgesia for patients suffering 
from femoral neck or shaft fractures, for surgery of the knee, distal thigh or medial 
leg and foot [8, 13]. A catheter can be placed at the femoral nerve block for pro-
longed duration of analgesic coverage. Depending on the clinical situation, the 
femoral nerve block can be combined with a sciatic nerve block, an obturator nerve 
block, or a lateral femoral cutaneous nerve block for complete analgesia in the clini-
cal setting which may arise [13]. When performing the femoral nerve block, care 
must be made to avoid femoral artery puncture due to the proximity of the nerve, at 
the inguinal crease underneath the fascia lata and fascia iliaca, 1–2 cm lateral to the 
femoral artery. Likewise, consideration for the expectant quadriceps motor weak-
ness and its implications must be addressed when considering the femoral nerve 
block [8].

 Adductor Canal Block
Continuing distally along the anterior thigh, the adductor canal is an anatomic com-
partment whose borders are composed of the vastus medialis muscle laterally, the 
adductor magnus muscle posteriorly, and the sartorius muscle medially [8]. An 
adductor canal block is an effective means of providing similar sensory nerve block 
via the largest sensory branch of the femoral nerve, the saphenous nerve, while 
maintaining greater motor function and quadriceps strength [14]. While the adduc-
tor canal block does have motor effect on the vastus medialis muscle, its overall 
effect on post procedure mobility is diminished in comparison to the femoral nerve 
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block [14]. In fact, moving to the mid distal thigh will further isolate the saphenous 
nerve and decrease motor effect even further while maintaining similar sensory effi-
cacy along the distal medial thigh, knee, and leg [8]. Like, the femoral nerve block, 
a continuous catheter can be placed in the adductor canal for prolonged analge-
sic effect.

 Popliteal Sciatic Nerve Block
The sciatic nerve is the largest branch of the sacral plexus composed of L4-S3 nerve 
roots. While the saphenous branch of the femoral nerve provides cutaneous innerva-
tion to the medial ankle and foot, the sciatic nerve and its branches provide sensory 
and motor components to the rest of the foot and leg distal to the knee [5]. As the 
sciatic nerve approaches the popliteal fossa of the posterior knee, the sciatic nerve 
separates into the tibial nerve medially and the common peroneal nerve laterally [5]. 
While the sciatic nerve can be blocked by the gluteal, subgluteal, or popliteal fossa 
approaches, due to its more superficial location and easily identifiable popliteal 
artery as identified under ultrasound, the popliteal approach to the sciatic nerve 
block is utilized for any surgical procedure from the knee distally, enhanced by the 
addition of the corresponding saphenous nerve block for complete analgesic cover-
age [8]. A catheter can be placed in the sciatic nerve block via popliteal approach for 
distal lower extremity analgesia, combined with an adductor canal or femoral nerve 
block anteriorly.

 Truncal Nerve Blocks

Truncal nerve blocks can be utilized for a variety of perioperative, acute traumatic 
indications and non-surgical pain management. There is wide variety of techniques 
and clinical application continues to be studied and modified, but the more popular 
clinical techniques will be briefly described.

 Paravertebral Nerve Block
Thoracic paravertebral nerve blocks provide analgesia along a consistent der-
matomal distribution [8]. This can be utilized for a variety of surgical proce-
dures involving the chest and abdomen in addition to as a bedside intervention 
for painful conditions such as rib fractures, chest tube placement [15]. Rib frac-
ture pain, in particular, has shown recovery to be dependent on amount of inter-
nal injuries, but also, how well pain is controlled due to the fact that inadequate 
pain management can lead to respiratory compromise including splinting, poor 
respiratory toilet, and shallow breathing leading to pneumonia which can lead 
to increased ventilatory requirements and even death [16]. This is in addition to 
the respiratory depressant effects of opioids used for acute rib fracture pain. 
Paravertebral nerve blocks and catheters have been shown to decrease opiate 
requirements and improve ventilatory status and mobility in the patients most at 
risk for respiratory compromise, namely, the elderly patient with more than 
three rib fractures [16].
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The paravertebral space is a triangle immediately lateral to the spine who’s bor-
ders include the superior costotransverse ligament posteriorly, the parietal pleura 
anterolaterally, and the vertebra, vertebral disks, and the intervertebral foramina 
medially [8, 16]. Paravertebral nerve blocks can be single bolus doses in the periop-
erative setting but clinically more commonly catheters are placed for prolonged 
analgesia. According to the American Society for Regional Anesthesia coagulation 
guidelines, Paravertebral catheters should be treated similarly to neuraxial guide-
lines for respective anticoagulation medications and must be considered in their 
implementation clinically.

 Erector Spinae Block
The erector spinae block is an interfascial plane block which deposits local anes-
thetic below the erector spinae fascia [8]. This block was first described in 2016 and 
since that time has clinically been applied to assist with pain following ventral hernia 
repair, thoracic surgery, breast surgery, rib fractures, chronic shoulder pain, back 
surgery and post thoracotomy pain syndrome [17]. Despite its broad clinical efficacy, 
there is controversy when comparing cadaveric studies in regards to spread of the 
local anesthetic along the dorsal and ventral rami in the paravertebral space or if an 
alternative mechanism of local anesthetic spread involved the dorsal rami and lateral 
cutaneous branches of the intercostal nerves given the pronounced lateral distribu-
tion of local anesthetic spread [17, 18]. A benefit to performing the erector spinae 
block at bedside in comparison to the paravertebral block, whose injectate spread is 
three-fifths caudad and two-fifths cephalad, is due to the significant cranial spread of 
local anesthetic, catheters can be placed remotely from surgical fields or dressing and 
still provide clinical coverage to the distal cephalad affected areas [8, 19].

 Transverse Abdominal Plane Block
The Transverse Abdominal Plane Block successfully covers the ventral rami of spi-
nal nerves T6-L1 along the lateral abdominal wall providing analgesia to the antero- 
lateral abdominal wall [15]. Local anesthetic can be successfully deposited under 
direct visualization in the fascial plane below the external and internal oblique mus-
cles of the abdominal wall and above the transversus abdominus muscle plane [15]. 
This is a useful block for patients with incisional site pain along the abdominal wall 
as well as following cesarean delivery for prolonged pain relief of the abdominal 
incision. 15–20 mL of local anesthetic per side will appropriately expand the poten-
tial space between the muscle layers and appropriately cover the intended area [8]. 
Care must be made to avoid peritoneal injury which can be a potential complication 
of this procedure [8].

 Rectus Sheath Blocks
As the nerve roots of T6-L1 advance medially, the nerve roots lie between the rectus 
abdominus muscle and the posterior rectus sheath, continuing to enter the rectus 
muscle close to midline [15]. For midline incisions, the rectus sheath block can be 
performed by depositing local anesthetic in this potential space for effective analge-
sia in doses of 10–20 mL per side.
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3  Conclusion

Peripheral nerve blocks and catheters are a safe and effective means of providing 
patients with localized anesthesia and/or analgesia for surgical procedures and pain 
management. Regional anesthesia has the benefit of anatomic specificity and dimin-
ished systemic opiate dosing. This has proven to provide the patient with fewer side 
effects of opiates including nausea, vomiting, delayed return of bowel function, 
improved acute pain control and decreased hospital length of stay as well decreased 
development of chronic pain [1, 2]. Ultrasound adoption has increased the block 
success rate, sped up performance, and improved safety profile. Peripheral nerve 
blocks performed under ultrasound guidance are safe and effective in bedside pain 
management interventions to aid with the pain control of the hospitalized patient 
and patients in the clinic. Bedside nerve block should be performed with proper 
monitors and resuscitation supplies readily available and with proper documenta-
tion including image storage.
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Essential Concepts
• There are two overarching methods for osteopathic treatment of 

 dysfunctional regions or body parts. Those techniques that engage biome-
chanical restrictive barriers are termed Direct Methods and those where the 
dysfunctional tissues are moved from a point of increased tissue tensions 
to a point of equalized tensions on all planes and directions are grouped as 
Indirect Methods. In the acute phase of illness or injury, the indirect 
approach is generally preferred and reduces the inflammatory process, 
edema, and favorably alters nociception as a source of pain. The direct 
techniques, including articulatory, muscle energy, and direct thrust tech-
niques, may be needed for restoration of range of motion and joint func-
tion. Modalities such as myofascial release, muscle energy, counter-strain, 
inhibitory pressure, and articulatory technique are common, relatively easy 
and quick to perform at bedside, and can be beneficial treatments or adju-
vants to pain management for patients.

• Myofascial release (MFR) is a technique that employs continual palpatory 
feedback to achieve release of myofascial tissues. The technique uses 
either direct or indirect gentle, sustained pressure into the connective tissue 
matrix to relieve tension, ease pain, and restore motion and function while 
improving blood and lymphatic circulation (Fig. 4).
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1  Overview

The diagnostic approach to neuromusculoskeletal dysfunction can be complex, 
however for simple techniques, the diagnosis of dysfunction can be made by exam-
ining a patient to identify any of the four criteria for somatic dysfunction [1]: Tissue 
texture abnormalities, Asymmetry of position, Restricted motion, and Tenderness 
(TART). By understanding normal physiologic motion of that structure and recog-
nizing dysfunction utilizing the TART criteria, you can use several modalities to 
attempt to gently restore normal ROM or decrease painful abnormal neuromuscular 
reflexes. Taking the painful structure or its fascia through passive ROM can help 
determine the pathologic barrier in three planes of motion. The techniques selected 
for this chapter can be safely and effectively utilized in many aspects of patient care. 
For more complex or refractory cases, however, the patient may need referral to an 
osteopathic physician having the appropriate skill set or Board Certified in 
Osteopathic Neuromuscular Medicine. For proper documentation, osteopathic 
treatments are considered as procedures and CPT codes for medical record keeping 
are discussed.

2  Historical Aspects and Introduction to Osteopathic 
Manipulative Treatment

Manual medicine has been a modality of treatment for millennia, dating back to 
ancient Egypt [2]. There is documentation that supports Hippocrates used manual 
techniques for the spine as well [3]. Since then, there have been many practitioners 
of manual medicine. In the nineteenth century, Dr. Andrew Taylor Still and Daniel 
David Palmer were primary contributors to the growth of manual medicine in the 
United States. Palmer founded the chiropractic approach and Dr. Still founded 
osteopathic medicine.

• Counter-strain is an indirect, passive technique that inhibits aberrant 
 neuromuscular reflexes by putting the targeted tissue in a position of maxi-
mal ease. In other words, a painful muscle in spasm is placed in its shortest 
position by approximating the origin and insertion in order to inhibit firing 
of the neuromuscular reflex. The method is described in Fig. 2.

• Paraspinal inhibition decreases sympathetic output from the sympathetic 
chain ganglia that causes muscle hypertonicity induced by viscerosomatic 
reflex pathways. The technique utilizes the application a gentle consistent 
pressure to paraspinal muscles (Fig. 3).

• Articulatory technique uses a low velocity, high amplitude force to carry a 
restricted joint through its full ROM in order to restore normal joint func-
tion (Fig. 5).
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Andrew Taylor Still formed the first School of Osteopathy in 1892 and since that 
time, the profession has grown exponentially [4]. His philosophical approach to the 
art and science of medicine was founded on four basic tenants. The first is that the 
human body is a functional unit. Second, the human body has self-regulatory mech-
anisms and an innate ability to heal itself. Third, structure and function are interre-
lated. And finally, the use of osteopathic manipulative treatment (OMT) is based 
upon the application of the previous tenants [5–7]. Therefore, OMT is a facet of 
medicine that emphasizes the interrelated function and structure of each body sys-
tem and uses that knowledge to facilitate healing.

OMT uses hands-on techniques to address structural components of pain includ-
ing, bones and their articulations, muscles fascia, ligaments, dura, fluids, viscera, 
and neural circuitry. It is used to diagnose, treat, and remove barriers to healing 
from illness or injury with emphasis on the lymphatic and neuromusculoskeletal 
systems. OMT has been shown to improve healing and decrease morbidity in condi-
tions such as pneumonia, otitis media, post-op ileus, headache, cervical/thoracic/
lumbar pain, pelvic pain, carpal tunnel syndrome, dysmenorrhea, and fibromyalgia, 
and in other clinical scenarios [8]. For the purpose of this chapter, we will discuss 
techniques that focus on the neuromusculoskeletal system and how they can be 
utilized to reduce pain and enhance function.

Somatic dysfunction, defined as impaired function of the neuromusculoskeletal 
system, is a pathological or restricted range of motion due to mechanical causes, 
tissue damage, or disease. OMT can be used alone or in conjunction with other 
modalities to relieve or resolve somatic dysfunction, and in some cases, reduce the 
need for medications or surgery.

Clinical studies have shown OMT to be an effective complement with, or alternative 
to, medication or other therapies in a variety of clinical scenarios including postopera-
tive pain, neck and low back pain, headaches, and musculoskeletal injuries [9–11]. 
Patients reported decreased pain, need for pain medications, anxiety, an increased over-
all comfort level after receiving OMT treatment and decreased length of hospital stays 
[12, 13]. Not only are these treatments beneficial for patients, but many of these tech-
niques take very little time to perform and results are often apparent immediately or 
shortly after treatment, resulting in enhanced physician career satisfaction.

Treatment of acute and chronic pain has grown in complexity. Treatment options 
for patients may range from OMT, to medication management, to interventional 
procedures under fluoroscopy and surgery. Admittedly, there is not a single treat-
ment option that fits best for all patients; therefore, a comprehensive approach is 
often required in acute or chronic pain management. This chapter serves as an intro-
duction to pain management using OMT, which at times is the treatment of choice. 
We present simple techniques in an ever-evolving complex world of pain manage-
ment that can help relieve pain and optimize overall function and well-being. 
Traditionally these techniques have been taught in licensed osteopathic medical 
schools across the country. In the recent decades, more allopathic physicians, man-
ual physical therapists, and other providers have also adapted these techniques in 
their practice of medicine. There are several accredited continuing medical educa-
tion courses offered that lead to certification, although this certification does not 
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apply to licensure or board certification. We encourage the reader, however, to fur-
ther investigate educational opportunities to enhance their physical assessment and 
manual medicine techniques.

3  Osteopathic Manipulative Treatment for the Head 
and Neck, Low Back, Hip and Sacrum

Headaches are one of the most common causes of pain complaints in general prac-
tice clinics. Socioeconomic costs of treatment and work time lost are estimated at 
$14 billion per year in the US [14]. This frames the importance of cost-effective 
prevention and treatment. Somatic dysfunction in the cervical spine and supporting 
musculature can lead to various cervicogenic, migraine, and tension type headaches 
[15]. Studies have shown that OMT is an effective treatment for headache and can 
be utilized for both abortive and preventative therapy [16, 17].

In the acute phase of a headache, active or passive manipulation of the head may 
aggravate the symptoms, which is why inhibitory pressure or indirect techniques are 
generally preferred [18]. For example, sub-occipital release is a soft tissue technique 
used for reducing tissue tension in the suboccipital musculature. It can also help to 
regulate autonomic nervous system activity via effects on the vagus nerve (Fig. 1).

Fig. 1 Suboccipital Release. (1) With patient supine, place your fingertips just caudally to occiput. 
(2) Cradle the head by gently placing pressure through only the fingertips, lifting the head and 
neck. (3) Hold pressure until tissue starts to release and soften, at least 30 s to 1 min. As the tissue 
relaxes, the head will release back and rest on the practitioner’s palms
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Fig. 2 Counter strain, demonstrated on the sternocleidomastoid muscle. (1) Palpate the muscle to 
find the point of most pain and determine the level of pain (scale 1–10). (2) Attempt to approximate 
the origin and insertion of the muscle to shorten it while your finger remains over the tender point. 
With the SCM, this involves head flexion, ipsilateral side-bending and contralateral rotation. (3) 
Determine level of pain with the muscle shortened and adjust movements until there is a significant 
reduction in pain. (4) Hold this position for at least 90 s before returning to neutral, and then reas-
sess for pain

Neck pain, similar to headache, is a common condition and is often very  disabling 
and functionally limiting to the patient. OMT can be an effective treatment in the 
management of acute or chronic neck pain [19, 20]. Although aggressive neck 
manipulation could be harmful in a small subset of patients, as detailed further 
below in the complications section, the techniques described here are safe and can 
be easily used to treat patients in clinic or at the bedside presenting with neck pain 
or headaches.

Counter-strain, as described earlier, can be utilized for the deep and superficial 
musculature of the head and neck. Figure 2 demonstrates counter strain technique 
for the sternocleidomastoid muscle. This technique can also be used for common 
neck pain generators such as splenius capitus, scalenes, upper trapezius, levator 
scapulae, and deeper muscles. Figure 3 demonstrates paraspinal inhibitory pressure 
to relieve hyperactive sympathetic facilitation. The technique can be applied to the 
cervical, thoracic, and lumbar paraspinal muscles.

Myofascial release is another gentle technique depicted in Fig. 4 and described 
earlier in this chapter, which can be used for restrictions of the paraspinal muscula-
ture or on tissues that are more lateral to the spine, unlike inhibitory pressure, which 
can be painful over the ribs if applied too laterally. Figure 5 demonstrates the use of 
an articulatory technique for the sacroiliac joints.
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Fig. 4 Direct myofascial release. (1) With very gentle pressure, place your hands over the area of 
pain. (2) Determine the tissue restrictions with flexion and extension (up and down), side-bending 
(side to side) and rotation (twisting). (3) Once the restriction is noted in the three planes of motion, 
carry the tissue directly into each barrier simultaneously. (4) Hold this position until you feel a 
relaxation of the tissues, then slowly return to neutral

Fig. 3 Paraspinal Inhibitory Pressure. (1) With the patient supine, place your fingertips just medial 
to the paraspinal musculature. (2) Apply anterolateral traction. This can be either a series of trac-
tions or a single long traction. (3) Perform this technique for about 3–5 min, or until relaxation of 
the muscle is felt. For provider comfort, it is recommended that you use your forearms as a fum 
fulcrum to apply the sustained pressure and traction. This technique can be used along the 
entire spine
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Fig. 5 Sacral Articulatory. (1) Place the patient on their side with the painful SI joint facing up. 
(2) Place one hand on the sacrum and grasp the top leg just below the knee, flex the knee and hip 
while palpating for motion at the SI joint. (3) Abduct the thigh until you reach the restrictive bar-
rier. (4) Have the patient to take in a deep breath in and hold it. The practitioner then carries the hip 
through extension while maintaining hip abduction. This may produce an audible or palpable 
articulation

4  Potential Complications

OMT is considered a safe, non-invasive treatment modality, with severe side effects 
being exceedingly rare. Because of its safety profile, OMT can be particularly use-
ful in those who are more prone to medication side effects such as the elderly or 
those with polypharmacy [21]. A recent study of 884 patients receiving OMT docu-
mented a rate of adverse events at 2.5%, the majority of which were increased pain 
or discomfort at the site of treatment with no serious adverse events recorded and, 
in most cases, these symptoms resolved within 7  days of treatment. Temporary 
adverse effects were low but more common with direct techniques such as high- 
velocity- low-amplitude (HVLA) which uses a thrusting motion to articulate a joint. 
Adverse events with gentle techniques such as myofascial release were less com-
mon [22, 23]. The most feared complications with OMT is vertebral artery dissec-
tion leading to stroke. In particular, high velocity thrusts of the cervical spine 
especially with rotation movement, seemed to be associated with severe adverse 
events. While serious adverse effects are rare, HVLA to the cervical spine should 
only be performed by experienced practitioners in carefully selected patients.

There are very few absolute contraindications to OMT. Absolute contraindica-
tions include spinal cord compression, unstable fracture, joint or ligamentous insta-
bility, or open wounds. Lymphatic techniques are contraindicated in necrotizing 
fasciitis and certain kinds of infection or cancer due to the risk of seeding infection 
or neoplastic cells by mobilizing lymph fluid. Also consider condition-specific risk 
factors such as atlantoaxial instability in rheumatoid arthritis or Down Syndrome, or 
in vertebral artery insufficiency or dissection, where forceful cervical manipulation 
should be avoided.
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5  Documentation of Osteopathic Treatment

Proper documentation for OMT is straightforward and simple. There needs to be 
objective evidence of somatic dysfunction. Use the TART acronym as a guide. 
Record asymmetry of position, motion restrictions or motion preferences, altered 
tissue textures, and associated tenderness or pain in the Objective portion of the 
medical record. For the Assessment section, record typical E & M diagnoses. Then 
include the body areas exhibiting somatic dysfunction and are coded as M99.00- 
head region, M99.01-cervical spine, M99.02-thoracic spine, M99.03-lumbar spine, 
M99.04 sacrum, M99.05 pelvis, M99.06-lower extremity, M99.07-upper extremity, 
M99.08-rib cage, and M99.09 abdomen and other regions. For the Plan, list that the 
patient consented to osteopathic treatment, common possible side effects and likely 
outcomes were discussed, and include post treatment instructions such as increasing 
fluids, avoiding strenuous activities for 24 h and follow-up. Since a separate service 
was provided by the same physician on the same day add a −25 modifier. If a 
Resident performed all or part of the supervised procedure, also add a -PC modifier. 
Then bill according to number of body regions treated (not complexity of tech-
niques or patient problems) using codes 98925 for treatment of 1–2 areas, 98926 for 
3–4, 98927 for 5–6, 98928 for 8, and 98929 for 9–10 body areas. Record objective 
results such as increased range of motion, reduction in tissue hypertonicity, and 
subjective reduction in pain and improvement in mood and affect. Favorable patient 
responses, which are common and often spontaneous, reflect heightened patient 
satisfaction and afford the physician with enhanced job satisfaction.

6  Conclusion and Future Directions

Osteopathic manipulative treatment remains a safe, efficient, and cost-effective 
treatment for patients with acute and chronic pain, with its clinical utility and prac-
ticality spanning across specialties and in a wide variety of clinical settings [24, 25]. 
This chapter provides a simple introduction to OMT and demonstrates a small num-
ber of techniques that could be readily employed by a pain management physician 
with proper training.
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Bedside Electro-Acupuncture

Joseph Walker III

1  Overview

Electro-acupuncture was developed in concurrently in China, Russia, Japan, and 
Korea during the mid-twentieth century and it involves applying an electric current 
to acupuncture needles for the purpose of strengthening or altering the nature of the 
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Essential Concepts
• Electro-acupuncture can modulate pain (1) locally, (2) regionally, (3) seg-

mentally, and (4) non-segmentally.
• Low frequency, high-intensity electrical stimulation modulates pain at the 

level of the spinal cord, midbrain, and pituitary hypothalamus while high- 
frequency, low-intensity electrical stimulation modulates pain at the level 
of the spinal cord and midbrain.

• For clinically effective acupuncture analgesia, type 2 afferent muscles 
fibers need to be stimulated to produce a sensation of numbness.

• Clinical variables to consider while delivering electro-acupuncture are (1) 
intensity, (2) frequency, (3) waveform, (4) length of treatment, and (5) 
location of needle input.
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needle stimulation [1]. Electroacupuncture is clinically utilized for numerous rea-
sons including (1) to provide stronger and more continuous stimulation to an area 
than manual acupuncture can provide, (2) to modulate pain messages to the brain, 
(3) to initiate and regulate release of endogenous opiates from the central nervous 
system, and/or (4) to affect local neuro-metabolic and biomechanical processes [2, 
3]. Specifically, electro acupuncture is indicated for acute pain, neuralgia, limb and 
joint pain, soft tissue injuries, and post-surgical pain [4, 5].

2  Background and Mechanism of Action

Much of the contemporary research on electro acupuncture is done in laboratory 
settings on animals and has focused on the basic science and the mechanisms of 
action. Although further research needs to be done in human clinical settings and 
with larger sample sizes, basic science and mechanistic studies have clarified a lot 
of clinically useful information on the basic science behind electro acupuncture. 
This information includes (1) the type of nerves that are stimulated, (2) the neu-
rotransmitters secreted as a result, and (3) the effector structures/organs of the nerve 
stimulation or secreted neurotransmitter.

Table 1 Traditional Chinese Medicine (TCM) acupuncture point correlation with peripheral/cra-
nial nerve location [6, 41–43]

Upper extremity Lower extremity
TCM acupuncture 
point Nerve

TCM acupuncture 
point Nerve

Yu Yao Supraorbital Nerve Yao Yan Cuneal Nerves
Stomach 2 Infraorbital Nerve Bladder 40 Medial Popliteal 

Nerve
Triple Warmer 17 Greater Auricular Nerve Stomach 36 Recurrent Genicular 

Nerve
Small Intestine 19 Trigeminal-Facial 

Nerve
Gallbladder 34 Common Fibular 

Nerve
Governor Vessel 26 Philtrum Point Spleen 9 Saphenous Nerve
Bladder 10 Greater Occipital Nerve Bladder 57 Sural Nerve
Gallbladder 20 Lesser Occipital Nerve Spleen 6 Tibial Nerve
Gallbladder 21 Spinal Accessary Nerve Bladder 60 Tibial Nerve
Large Intestine 11 Lateral Antebrachial 

Nerve
Large Intestine 10 Deep Radial Nerve Kidney 3 Sural Nerve
Lung 7 Superficial Radial 

Nerve
Gallbladder 41 Sural Nerve

Triple Warmer 5 Radial Nerve Liver 3 Deep Fibular Nerve
Pericardium 6 Median Nerve
Heart 7 Ulnar Nerve Stomach 9 Vagus Nerve
Small Intestine 3 Ulnar Nerve Concha of the Ear Vagus Nerve
Large Intestine 4 Radial/Median/Ulnar 

Nerve
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Anatomically about 309 acupuncture points are situated on or very close to 
nerves [6] (Table 1). The types of stimulated nerves are (1) small myelinated fibers 
(A-delta—sensory), (2) small unmyelinated fibers (C-fibers—pain and tempera-
ture), and/or (3) large myelinated fibers (A-beta—motor) [7]. Muscle fibers are also 
affected by needle and electrical stimulation [8]. For clinically effective acupunc-
ture analgesia, type 2 afferent muscles fibers need to be stimulated to produce a 
sensation of numbness. Stimulation of type 3 muscle fibers creates a sensation of 
distension, heaviness, and aching. Simulation of type 4 afferent muscle fibers cre-
ates a sensation of soreness. Acupuncture analgesia is blocked by intramuscular 
injection of procaine but not subcutaneous injection of procaine [9].

In 1965, Ronald Melzack, Ph.D and Patrick D. Wall, Ph.D developed their first 
iteration Gate Control theory of pain [10]. This theory helps to explain the effect 
nerve stimulation has on pain sensation propagation within the central nervous sys-
tem. Electro acupuncture modulates pain control because electrical stimulation of 
the large myelinated nerve fibers inhibits the pain information transmission from the 
small myelinated/unmyelinated nerve fibers at the spinal cord level particularly at 
the substantia gelatinosa (Fig. 1).

Over the next 30 years later, the Gate Control theory of pain was refined and 
clarified by Melzack and Wall [11–13]. In the later iterations, the same process of 
pain modulation occurred: stimulation of the large myelinated fibers inhibis pain 
information transmission from the smaller myelinated/unmyelinated nerve fibers. In 
this iteration, however, the inhibitory effect does not happen directly at the substan-
tia gelatinosa but rather through (1) inhibitory transmitting cells and (2) at the corti-
cal level (thalamus, cerebrum) via a descending inhibitory control (Fig. 2).

As described by Dr. Bruce Pomeranz, Ph.D, electro acupuncture stimulation 
works at various levels of the central nervous system including (1) at the spinal cord 
level, (2) at the midbrain level, and (3) at the pituitary hypothalamus level [14] 
(Fig. 3).

At the level of the spinal cord, low-frequency, high intensity electrical stimula-
tion causes enkephalins and dynorphins to be secreted [15]. This creates an inhibi-
tory loop in which released enkephalins decrease calcium in flow which in turn 
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Fig. 1 SG substantia 
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transmission cell, L large 
diameter, S small diameter 
(Melzack and Wall, 1963)
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decreases substance P release. At the level of the spinal cord, high-frequency elec-
trical stimulation promotes the release of GABA which inhibit pain information 
transmission (Fig. 4).

J. Walker III



71

Painful
Stimulus

Hormone
Release

Direction of impulses
Painful Stimulus

Nerve
Cell

Excitatory
Synapse

Acupuncture
Needle

ALT = Anterolateral Tract

LEGEND:

Inhibitory
Synapse

Sensory Nerve

Sensory Receptor

Blood
Vessel

Skin

Muscle

Spinal Cord

M

ME

E
E

E

ALT

DLT Mid
Brain

STT

Thalamus Cortex

E

Acu
Needle

1

3 4

8
12 13

5

2

7

6

11

10

9

14

Pituitary
Hypothal

STT = Spinothalamic Tract

DLT = Dorsolateral Tract

M = Monoamines E = Endorphins

Fig. 4 Low frequency electroacupuncture stimulation pain pathway schematic

At the level of the midbrain, low-frequency, high intensity electrical stimulation 
activates the dorsolateral tract (raphe descending system) and stimulates mono-
amines like serotonin and norepinephrine to create an inhibitory effect back at the 
spinal cord level. This type of stimulation also promotes the release of enkephalins. 
At the level of the midbrain, high-frequency, low intensity electrical stimulation 
works synergistically with monoamines such as serotonin and via the raphe descend-
ing system (dorsolateral tract) produces spinal cord inhibition. It also has a norepi-
nephrine effect. This effect is enhanced by tryptophan. This type of stimulation 
bypasses the enkephalin system (Fig. 5).

At the level of the pituitary-hypothalamus axis, low-frequency, high intensity 
electrical stimulation promotes the release of beta-endorphins and ACTH [16]. 
These hormones produce an inhibitory effect back at the midbrain level and when 
secreted into the body produce systemic physiological effects. When secreted into 
the cerebral spinal fluid via the periaqueductal gray, these hormones/neurotransmit-
ters travel through the midbrain and the raphe descending system to have an inhibi-
tory influence at these respective levels. When secreted into the circulation, these 
hormones/neurotransmitters cause distant analgesia. High frequency, low intensity 
electrical stimulation does not have an effect at the pituitary-hypothalamus axis. 
Locally acupuncture needles have the following mechanical effects: release of 
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spasm, disruption of fibrosis, stimulation of blood flow, and diffuse noxious inhibi-
tory control.

3  Clinical Application and Presentation of Techniques

The clinical variables to consider while delivering electro acupuncture are (1) inten-
sity, (2) frequency, (3) waveform, (4) length of treatment, and (5) location of needle 
input. Currently, there are no standard clinical guidelines for electro-acupuncture 
yet there is some consistency regarding the setup of the clinical variables. These are 
presented below:

 Intensity

The level of intensity of stimulation should be determined by the patient’s tolerance 
and the condition being treated. Stimulation level should neither be painful or 
uncomfortable to the patient. When stimulating a motor point, the stimulation inten-
sity should just enough to illicit a non-noxious muscle contraction. When 
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stimulating a sensory nerve, the stimulation intensity should just enough to illicit a 
non-noxious paresthesia along the dermatomal distribution of the nerve. One way to 
assess if the intensity of e-stim is appropriate for the patient is to gauge the patient’s 
verbal and non-verbal response and adjust to tolerance. Another way to assess the 
intensity of e-stim is to monitor the patient’s pulse/heart rate before and during the 
treatment. If the pulse/heart rate becomes rapid after applying e-stim, it is a sign to 
reduce the intensity.

 Frequency

Frequency is the number of pulses delivered per second. It is measured in Hertz (Hz).

 (a) High frequency is 80–100 pulses per second. High-frequency stimulation 
mainly affects the sensory nerve fibers which are associated with pain, tempera-
ture, pressure and touch [17]. High-frequency stimulation can be effective for 
acute pain, paresthesia, dysesthesias, and neuropathies with sensory deficit, 
such as those that occur with median nerve entrapment seen with carpal tunnel 
syndrome.

 (b) Low frequency is 1–10 pulses per second. Low-frequency stimulation mainly 
affects motor nerve fibers [17]. Low-frequencies can effective for motor inhibi-
tion (weakness), joint proprioceptive dysfunction, and myofascial trigger 
points. Low-frequency stimulation is also effective for chronic nociceptive pain 
(Table 2).

Generally high frequency is considered sedating, low frequency more tonifying. 
Overall acupuncture is a sedating technique. Clinically, one recommendation is to 
match the frequency of electro acupuncture to the frequency that the practitioner 
would use during manual needle manipulation.

Table 2 Differences between high frequency stimulation (TENS) and low frequency stimulation 
(electro acupuncture)

TENS like stimulation
(High frequency, low intensity)

Electro acupuncture like stimulation
(Low frequency, high intensity)

Gate Theory De Qi Empiricism
Large Muscle (I) and Skin Nerves (Aβ) 
activation

Small Muscle Nerves (III/Aδ) release 
endocrine

Segmental Effect Segmental & Extra segmental Effect
Burning on skin, no DeQi in muscle Activate small muscle nerves (III) with DeQi
Spasm at high frequency No spasm at low frequency
Analgesia is rapid but short lasting Analgesia slow onset (30min), longer lasting
Tolerance from continuous use No tolerance from short 30 min use
Vasoconstriction (sympathetic) Vasodilation (parasympathetic)
Treats nerve and neuropathic pain Treats myofascial pain
Produces dynorphin Produces endorphin and enkephalin
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 Waveform

A waveform is basically the pattern of the electrical current flow. There are three 
main categories of waveforms: continuous, intermittent, and dense/disperse.

 Continuous

A continuous pattern is a constant and equally spaced sequence of pulses that can 
be increased or decreased by adjusting the wave frequency. The body quickly accli-
mates to the continuous waveform, so it is advisable to change the intensity every 
5 min in order to achieve the best therapeutic effect. This waveform can be uncom-
fortable for some patients (Fig. 6).

 Intermittent

An intermittent pattern of stimulation is a sequence of equally spaced pulsations 
with equal periods of no activity. This wave form simulates manual manipulation of 
the acupuncture needle where stimulation is alternated with periods of rest. Like the 
continuous waveform, the body quickly acclimates to intermittent stimulation so the 
practitioner will need to change the intensity of the stimulation approximately every 
5 min (Fig. 7).

Fig. 6 Continuous waveform

Fig. 7 Intermittent waveform
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Fig. 8 Dense-disperse waveform

 Dense/Disperse

This pattern refers to equally proportion periods of high-frequency and low- 
frequency pulsations. Dense waveforms, which is high frequency (80–100 Hz) with 
low intensity, alternate with disperse waveforms, which are low frequency (1–10 Hz) 
and high intensity. Because of the alternating current, the body does not act limit to 
the electric pattern like the two previous waveforms. It has been suggested that 
dense disperse waveform provides the longest lasting pain relief for musculoskele-
tal injury and sensory deficits (Fig. 8).

 Duration of Treatment

A stimulation time of less than 20  min generally increases sympathetic tone. A 
stimulation time of more than 20 min increases parasympathetic tone after the treat-
ment is complete. This change can last around 8–12  h after the first treatment. 
Generally, in treatments for reducing pain, increasing parasympathetic tone is the 
clinical goal. Cheing et al. tested the effect of EA for the treatment of osteoarthritic 
pain, and found that EA for 40 min achieved the strongest and longest lasting thera-
peutic effect [18]. Continuous acupuncture stimulation for more than 1–2 h may 
lead to a diminution of analgesic effect, known as ‘acupuncture tolerance [1, 19]. 
Therefore, excessive duration of acupuncture stimulation is not recommended.

 Location of Needle Input

There are many different strategies for needle placement in electro acupuncture. 
Needles can be placed subcutaneously, myotomally, or sclerotomally. A few perti-
nent needle input protocols for pain management are presented in this section.

 Craig Percutaneous Electrical Nerve Stimulation (PENS)
This technique, developed by William Craig, MD, affects the central nervous sys-
tem via dermatomes, myotomes, sclerotomes, peripheral nerve, and autonomic ner-
vous system [20]. With this technique, the needles are strategically placed at selected 
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Fig. 9 CraigPENs—cervical array pattern

Fig. 10 CraigPENs—thoracic array pattern

J. Walker III



77

Fig. 11 CraigPENs—lumbar array pattern

inputs along the axial spine [21]. There is a cervical, thoracic, and lumbar array 
pattern (Figs. 9, 10 and 11).

The needles are inserted 0.5–1 cm lateral to the spinous process. The direction of 
needle placement depends on the spinal region the treatment is taking place and is 
either (1) perpendicular or (2) 45° to the perpendicular towards the spinous process. 
To influence the dermatomal level the needles are inserted subcutaneously. To influ-
ence the myotome level, the needles are inserted to the multifidus muscles. To influ-
ence the sclerotome level, the needles are inserted to the lamina of the respective 
vertebral level. The clinical influence on pain is by electrical stimulation at various 
selected frequency montages. These montages are selected sequentially and depend 
on the patient’s clinical response. Initially, the following frequency montage is 
selected for treatment: 2 Hz and 4 Hz. If the patient has good pain relief, than this 
frequency is repeated for the other remaining sessions. If, on subsequent treatment 
sessions, the patient does not have good relief, the frequency montage is increased 
sequentially to the following: 4 Hz and 15 Hz [22], 4 Hz and 40 Hz, 4 Hz and 80 Hz, 
and lastly 4 Hz and 150 Hz. The treatments typically are 20–40 min once a week for 
4–8 treatments. There are a variety of versions of Craig PENS treatment protocols. 
These variable protocols adjust both the frequencies and needle inputs to increase 
treatment specificity. For example, for neck pain, the motor points of the trapezius 
and levator scapulae muscles can be added to the cervical array pattern. The motor 
points of the gluteus medius and gluteus maximus can be added to the lumbar array 
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Fig. 12 Osteopuncture common point locations

pattern for lower back pain. A low frequency, continuous waveform pattern is used 
for these motor points, either 1 Hz or 10 Hz.

 Osteopuncture
This technique, developed by Ronald Lawrence MD and Felix Mann MD, affects 
pain via the sclerotomes and the autonomic nervous system [23, 24]. The perios-
teum is rich in sympathetic nerve fibers. The treatment goal is to increase local tis-
sue blood flow, to modulate the autonomic nervous system at the sclerotome level, 
and to modulate pain at the spinal cord level [25, 26]. The C fibers are a slow link to 
the thalamic nuclei. With this technique the needles are inserted on to the perios-
teum. The selected inputs maybe either anatomical points or acupuncture points 
(Fig. 12). The needle is than stimulated at a high frequency, greater than 100 Hz. 
Typically, 500 Hz or higher is used. The treatments typically are 20–40 min once a 
week for 4–8 treatments. To avoid the body acclimating to the high frequency stim-
ulation, frequency variation can be done via the dense-disperse settings on the elec-
trical stimulation unit. This treatment can be used alone as a local treatment or in 
combination with other acupuncture techniques such as CraigPENS, Gokavi tech-
nique, or systemic regulatory points. Complementary modalities such as infrared 
heat can be used during the osteopuncture treatment as appropriate.
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Fig. 13 Gokavi technqiue—high freqency technique on the spine

 Gokavi Transverse Technique (GTT)
This technique, developed by Cynthia Gokavi, MD, is used to affect pain at the 
myotome level utilizing both (1) high frequency stimulation and (2) dry needling 
[27]. Clinically this technique is used in the treatment and management of chronic 
myofascial pain. Within the region of the patient’s pain complaint, needles are 
inserted to the myotome level in a transverse direction to envelop this area. This 
part of the treatment is a regional and segmental treatment (Fig. 13). The needles 
are then stimulated at two different high-frequencies (dense-disperse)—typically 
100–500 Hz is used. The level of intensity is such that the patient feels paresthesia 
and tingling but there is no motor contraction or fasciculation. The clinical goal of 
the high frequency stimulation is analgesia and relaxation of the target muscles. 
The analgesia produced is enkephalin mediated. Treatment time is 20–40 min. The 
high- frequency electro acupuncture is followed by local dry (trigger point) nee-
dling to the same region (Fig. 14). The muscle is dry needled transversely to release 
spasms and trigger points. The initial high-frequency analgesia helps with patient 
tolerance during the dry needling session. The clinical goal of the dry needling is 
to improve any functional deficits such as reduced mobility, pain, and motor inhibi-
tion (weakness) as a result of trigger points. Typical regions of treatment include 
the cervical spine, shoulder girdle (trapezius/levator scapula), and the tho-
racic spine.
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Fig. 14 Gokavi technqiue—dry needling technique on trapezius

 Systemic Regulatory Points
Non or extra segmental acupuncture points can be used to treat pain as well. These 
inputs are located at distal areas of the lower extremity and ankle, typically close to 
joints. Extrasegmental analgesia is a systemic effect therefore point selection is not 
critical. LI 4, LI 11, ST 36 and LV 3 are commonly used [28–30] (Table 3). For 
rapid pain relief, strong input producing DeQi sensation is critical. Most of these 
distal extra segmental treatment protocols signals influence the autonomic nervous 
system [31]. By augmenting the autonomic nervous system, mainly the sympathetic 
side, these protocols help to treat pain [32]. These protocols are generally treated 
with low frequency stimulation, 1–2 Hz, for 20–40 min duration. Below highlights 
a few of these protocols:

 (a) Four Gates
This is a traditional Chinese medicine point combination. The four gates are 

the combination of Large Intestine 4 and Liver 3. Various research studies have 
shown that these inputs help to regulate the autonomic nervous system. The 
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Table 3 Systemic regulatory acupuncture points and indications [44]

Point Location Indications Visual representation
Large 
Intestine 4

Dorsum of hand, between 
first and second 
metacarpal bones, in 
middle of second 
metacarpal bone on radial 
side

Diseases of the head 
and face, ex: headache, 
toothache, swelling of 
face, dizziness, 
congestion. Cold, flu, 
febrile disease, 
dysmenorrhea [18]

Large 
Intestine 11

With the elbow flexed, 
lateral end of transverse 
cubital crease

Febrile diseases, pain of 
eye, teeth, shoulder, or 
abdomen, 
dysmenorrhea

Small 
Intestine 3

Ulnar aspect of the hand, 
proximal to the fifth 
metacarpophalangeal 
joint, at the junction of 
light and dark skin

Pain and rigidity of 
head and neck. Pain of 
the lumbar and sacrum 
spine. Spasm of hand 
and arm

Liver 3 Distal to the junction of 
the bases of the first and 
second metatarsal

Low back pain, high 
blood pressure, genital 
pain, menstrual cramps, 
limb pain, anxiety

(continued)
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Table 3 (continued)

Point Location Indications Visual representation
Stomach 36 One finger width lateral 

to the anterior crest of the 
tibia

Cough, asthma, Pain in 
the knee point, gastric 
pain, vomiting, 
dysphagia, diarrhea

Triple 
Warmer 5

2 fingerbreadths proximal 
to the dorsal wrist crease 
in the interosseous space

Migraine, facial pain/
paralysis, tinnitus, 
headache, hand tremor, 
abdominal pain

Gall 
Bladder 41

On the lateral side of the 
dorsum of the foot. 
Proximal to the fourth 
metatarsophalangeal joint

Pain of the eye, foot & 
toe. Mastitis & irregular 
menstruation
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Table 3 (continued)

Point Location Indications Visual representation
Bladder 60 On the foot, posterior to 

the external malleolus
Acute lumbar pain, pain 
of the heel, neck 
stiffness, headache, 
difficult labor

Bladder 62 In the depression, directly 
below the external 
malleolus

Insomnia, epilepsy, 
headache, neck rigidity, 
lumbar or leg pain

Lung 7 Proximal to the radial 
styloid, in the depression 
between tendons of 
brachioradialis and 
abductor pollicis longus

Headache, stiffness of 
neck, cough, asthma, 
sore throat, weakness of 
wrist

Spleen 4 Medial aspect of the foot, 
inferior to the base of the 
first metatarsal bone

Gastric pain, abdominal 
pain, poor appetite

indication for this point combination is headaches and general pain conditions, 
acute and chronic. These points are used bilaterally.

Point Prescription: Bilateral Large Intestine 4 and Liver 3

 (b) Inner and Outer Gates
This is a traditional Chinese medicine point combination. The inner and 

outer gate expands upon the four gates treatment noted above. In addition to 
bilateral Liver 3 and Large intestine 4, bilateral Large Intestine 11 and Stomach 
36 are added to the treatment protocol. Once again, these points are systemic 
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Table 4 Influential points [45]

Qi Governor Vessel (Ren) 17
Blood Bladder 17
Tendons Gall Bladder 34
Bone Bladder 11
Marrow Gall Bladder 39
Blood Vessels/Pulse Lung 9

regulatory points which work via the mechanism described in the earlier sec-
tion. The indications are the same as the four gates treatment.

Point Prescription: Bilateral Large Intestine 4, Large Intestine 11, Stomach 36, and Liver 3

 (c) Koffman Cocktail
This point combination, developed by US Navy Captain Robert Koffman, 

MD, utilizes a combination of systemic regulatory points to help with chronic 
pain conditions [33]. This treatment also expands upon the four gates treatment. 
In addition to Liver 3 and Large Intestine 4 bilaterally, Governor Vessel (GV) 
20 and Governor Vessel (GV) 24.5 without electrical stimulation are added. 
Indications for this combination of points include headaches, insomnia, anxiety 
and other symptoms commonly seen in patients with PTSD [34, 35].

Point Prescription: Bilateral Large Intestine 4, Liver 3, Governor Vessel (GV) 20, and 
Governor Vessel (GV) 24.5

 (d) Miriam Lee 10 Point Protocol
Miriam Lee 10-point protocol also known as ‘Miriam Lee’s Great 10 

Needles’ is a combination of systemic regulatory points which are used for 
generalized systemic complaints, acute pain, and chronic pain [36, 37]. The 
protocol is a combination of five points in the upper and lower extremity used 
bilaterally: Liver 4, Lung 7, Large Intestine 11, Stomach 36, and Spleen 6. 
Additional inputs, such influential points, can be added or subtracted depending 
on the patient’s specific presenting complaint.

Point Prescription: Bilateral Liver 4, Lung 7, Large intestine 11, Stomach 36, and Spleen 6

 (e) Influential Points
The influential points are eight important acupuncture points that have close 

relationships with physiological functions of a specific tissue. And treating pain 
conditions, the influential points that are especially effective are those that per-
tain to muscle, blood, tendons, marrow, and Bone. These points are added to the 
above point prescriptions according to patient underlying diagnosis or patho-
logical injury. For example, for a patient presenting with low back pain with a 
diagnosis if facet joint mediated pain, UB 11, the influential point for bone can 
be used (Table 4).

J. Walker III



85

4  Cautions and Contraindications

The practitioner should exercise caution when applying e-stim in the needles over 
the thoracic, pleural, and abdominal cavities. Muscle contractions can cause the 
needle to penetrate deeper than initially inserted. In the thoracic cavity this can 
mean entrance into the lungs or heart. While in the abdominal cavity this can mean 
entrance into the vital organs/viscera such as the intestine or liver. Electro acupunc-
ture can create a strong sensation. Distal input locations such as the hands and feet 
are more sensitive than other body locations and the e-stim intensity should be 
adjusted for patient comfort. Electro acupuncture also creates vasoconstriction and 
muscle tension which can aggravate muscle spasms in some cases. Contraindications 
to electro-acupuncture include: patients with blood dyscrasias, cardiac arrhythmias, 
cardiac pacemakers, autonomic dysregulation, pregnant women, through malignant 
tumors, and transcranial in patients with seizure disorders.

5  Conclusion and Future Directions

As there is a shift away from opioid management for chronic pain conditions, the 
research into the clinical utility for electroacupuncture has room for growth. Future 
directions with this modality would include research into physical examination 
techniques for determining needle inputs, such as through functional assessment, 
research into treatment outcome measurement, such as using heart rate variability 
for measurement of autonomic nervous system status [38, 39], and lastly, research 
into how best to incorporate this modality into established treatment pathways for 
pain conditions [40].
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Essential Concepts
• Many behavioral, spiritual, and complementary interventions have been 

shown to be effective within multimodal pain management models and can 
be easily adapted to the bedside.

• These therapies are not a substitute for a psychological consultation per-
formed by behavioral health practitioners who specialize in the treatment 
of pain.

• Education, cognitive therapy, relaxation therapy, guided imagery, breath-
ing exercises, art, music, massage, aromatherapy, Reiki, mindfulness, and 
spiritual interventions have been shown to improve clinical outcomes 
safely and at little cost.

• Interventions should be selected based on an evaluation of the patient’s 
motivation and preferences as well as practical considerations.

• Patient education is especially important in modifying expectations, 
improving compliance with treatment plans, and increasing an understand-
ing of the mind-body connection.
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1  Introduction

It is now widely recognized that pain is a psychological phenomenon as well as a 
physical one given the wide variation in both objective and subjective responses to 
painful stimuli and tissue damage [1]. This is because mood, expectations, and 
beliefs all play a role in descending pain pathways as well as the neurotransmitters 
dopamine, serotonin, and other endogenous ligands [2]. As a result, psychothera-
peutic treatment of pain has a firm basis in the biopsychosocial model of pain 
alongside procedural, pharmacologic, and rehabilitative approaches [3, 4]. The 
purpose of this chapter is to discuss interventions that can be delivered in the same 
settings as the interventional procedures covered elsewhere in this book. The term 
“behavioral” is more appropriate than “psychological” or “psychotherapeutic” for 
these approaches, as the latter imply treatments initiated by a psychological spe-
cialist [5].

2  Benefits, Risks, and Limitations 
of Behavioral Interventions

The behavioral interventions described below all have few side effects or con-
traindications, and they carry none of the risks of invasive procedures such as 
radiation exposure, blood loss, or infection. They do not require a high degree 
of specialized training or equipment and can be administered in almost any set-
ting such as a small, curtained space within an emergency department, nursing 
home, or hospital bed. Providers may be physicians, psychologists, social work-
ers, nurse practitioners, physician assistants, nurses, medical assistants, family 
members, or even the patients themselves. They are usually applicable regard-
less of the type of pain (i.e., neuropathic, somatic) and are opioid-sparing, cost-
effective, and easily incorporated with other modalities. Nevertheless, there are 
risks of any therapy and it is recommended that the provider know the legal 
aspects and standards of care. The risks of individual therapies are dis-
cussed below.

There are significant limitations of the interventions described below. First, 
they cannot replace or approximate a psychological consultation. There is simply 
no way for a non-specialist to assess the many factors which determine treatment, 
employ standardized assessment tools or deliver interventions such as traditional 
cognitive behavioral therapy (CBT), biofeedback, or hypnosis. Neither is there 
usually sufficient time at the bedside to build the rapport and trust of a strong 
therapeutic relationship. Another limitation is the lack of evidence for some inter-
ventions at the bedside. Though the benefits of psychotherapeutic approaches are 
well demonstrated, studies of them in short-term acute pain are often few and 
inconsistent in protocol design, interventional methods, and reported out-
comes [6, 7].
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3  Patient Evaluation

If no psychological consultation is required and the provider feels these therapies 
are indicated instead, their implementation is relatively simple. Not only is the eval-
uation time much shorter, but there is less risk of triggering defensiveness or suspi-
cion from patients when they are asked to speak with a psychological specialist [5]. 
Nonetheless, there are some common-sense tools of the conventional psychological 
interview which can be applied here.

As with any proposed intervention, first, it is necessary to inform the patient as 
to the purpose of the visit and ask them if they are interested in hearing about their 
options. In these first moments, the provider/educator should attempt to establish 
rapport and trust by showing empathy and acknowledging the patient’s pain, espe-
cially in chronic pain patients [8]. This caring attitude can be shown by asking 
simple questions, actively listening, and allowing patients to express what is impor-
tant to them. Even negative interactions or complaints may serve as opportunities to 
introduce behavioral therapies and solve immediate problems. Throughout this con-
versation, one can often determine these predictors of success: Do they have realis-
tic expectations of pain control? Are they willing to try new approaches? Are they 
simply in too much pain to participate in a certain therapy? Do they have difficulties 
with communication, cognition, or emotional lability? Are there cultural, ethnic, or 
religious factors to consider?

4  Interventions

The purpose of this section is to summarize interventions that are non-invasive, eas-
ily delivered at the bedside, and can improve outcomes within one or two sessions. 
They are not likely to be contraindicated by injury, interfere with concurrent thera-
pies, or require specialized training (i.e., massage, acupuncture, yoga). Not included 
are pharmacologic, manipulative or exercise/movement modalities, which may also 
be beneficial.

Many of the following therapies share potential positive outcomes: reducing pain 
level and duration, shortening hospital stays, reducing as-needed opioid use, increas-
ing functionality, and improving patient satisfaction. They also overlap in methods 
of action including increased parasympathetic stimulation, reduction of sympathetic 
tone, release of pain-reducing neurotransmitters, distraction/refocusing, better 
mind-body awareness, and social support.

There is no clear consensus about when to consider these interventions. Some 
authors, respecting the current paradigms of pain control, recommend them when 
requested by patients or when adequate pain control is not achieved through more 
conventional methods [9]. Another perspective is that given the relative benefit ver-
sus risk ratio of these therapies, it is reasonable to introduce them earlier. This more 
forward-leaning view better reflects the current climate in which more non- 
pharmacologic (i.e., non-opioid) options are needed [10].
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 Patient Education

Education is the most recommended behavioral intervention for both acute and 
chronic pain according to several guidelines and meta-analyses [11]. This may take 
the form of verbal instruction, written materials, videos, audio programs, or web- 
based content. The information provided may consist of how to score pain, the use 
of opioids on an as-needed basis, expectations of pain control, the effects of pre- 
operative opioid use, understanding of the mind-body connection, and possible side 
effects and interactions of pain medications. Many high-quality materials are avail-
able online at no cost (see Further Reading). Education is most effective when tai-
lored to individual patient characteristics: age, health literacy, pregnancy status, 
addiction history, cultural background, and linguistic requirements.

Even single sessions have been effective and in one randomized controlled study, 
whiplash injury patients were shown a 12-min educational video once during their 
emergency department (ED) stay. They subsequently reported 70% less pain, 85% 
less narcotic use, and 85% fewer subsequent ED visits at 1 month. These dramatic 
results indicate not only improvement in these clinical outcomes, but strongly sug-
gest cost-saving and quality of life benefits as well [12].

 Music and Art

Music can modulate oxytocin and endogenous opioid pathways to improve pain and 
more subjective/affective qualities like well-being and satisfaction. Easily incorpo-
rated with other therapies, it can be delivered in almost any care environment, 
though some modifications to the environment may be necessary to optimize the 
effect (dimming lights, limiting interruptions, etc.). Patients should be encouraged 
to choose the pieces themselves [13]. Application at the bedside has been well stud-
ied and strong evidence exists not only for its ability to reduce opioid use, anxiety, 
and pain scores but also to improve blood pressure and respiratory rate [7, 14]. 
Specific protocols and recommendations have even been made in terms of duration, 
tempo, and how to incorporate music into multimodal pain control [15].

The making of visual art is also easy to introduce and it is not necessary for the 
patient to have any instruction or experience. Coloring books for children and adults 
are now available in a variety of themes if they are not able to create their own 
images. One review of visual art-making in cancer care found that individual art- 
making works through several mechanisms: “learning about self, diversion and 
pleasure, self-management of pain, a sense of control, and enhanced social relation-
ships” [16].

 Guided Imagery

The goal of guided imagery is for the patient to refocus by imagining relaxing environ-
ments. This is usually accomplished with audio programs but can also involve reading 
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a script to them. Though the visual sense is often the primary target, all of the other 
senses can be utilized. As with music therapy, manipulation of the environment can 
reduce distractions and aid concentration. The program may invoke a natural environ-
ment such as a beach or other pleasing locations such as an amusement park. Another 
approach is to visualize the body ridding itself of pain or disease. Though guided imag-
ery is generally well-tolerated, caution should be used with psychotic or demented 
patients who may have difficulty distinguishing real from imagined environments [17]. 
There is strong evidence for the effectiveness of guided imagery at the bedside [18].

 Breathing Exercises

Relaxation breathing is familiar to many patients and has, of course, been used for 
decades in childbirth. Patients can perform breathing therapy by taking deep, even 
and slow breaths from the abdomen. Slow counting can be incorporated to ensure 
that the duration of expiration exceeds that of inspiration, thus enhancing parasym-
pathetic tone [19]. This type of breathing increases the patient’s sense of emotional 
well-being, moderates vital signs, and can decrease pain immediately. Benefits to 
the bedbound patient also include increased perfusion of oxygen and improved gas-
tric motility through mechanical stimulation by the diaphragm. It is usually safe but 
may be contraindicated in painful conditions of the thorax or seizure disorders.

 Recreation and Journaling

Distraction with various media can be a powerful tool to refocus and patients may 
benefit from access to their usual books, laptops or other materials. They may also 
benefit from doing their school or professional work (provided these are not stress-
ful). Alternatively, keeping a journal of events during their stay such as conversa-
tions with the medical team, their medication regimen, and how they’re feeling may 
also lessen anxiety and keep them distracted. The simple act of putting their thoughts 
and concerns in writing can be cathartic, provided the journal is not a tool to obsess 
over negative thoughts.

 Solution-Focused

Helping patients gain a sense of agency over their surroundings and treatment is 
crucial: “Of all the psychological factors affecting a pain patient, perhaps the great-
est and most distressing is the perception of a loss of control” [8]. The provider 
should look for opportunities to respond to patients’ loss of independence or dig-
nity. Some causes may be immediately apparent such as a distressing roommate, 
late or distasteful food, fear of upcoming procedures, or anxiety about test results. 
Others may relate to life outside of the visit: financial stress, medical bills, pet care, 
family stressors, missing work, uncertainty about discharge times, etc. Simply 
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listening and validating their concerns can convey a willingness to help. They may 
also be lonely, so facilitating their normal contacts, even if only by phone, may be 
beneficial. Social support increases endogenous endorphins such as dopamine and 
the social bonding hormone, oxytocin.

 Spiritual Interventions

Chaplains may act as spiritual denizens to help patients cope and confront their ill-
nesses and circumstances. Unlike most beside interventions discussed, spiritual care 
has historically been a more pervasive and utilized facet of clinical care.

 Mindfulness

Mindfulness relies upon an individual’s abilities to utilize a degree of personal con-
trol to attempt to center their thoughts and perceptions. More broadly, it can incor-
porate purposeful thought, meditation, and many other techniques to reframe an 
individual’s illness and its manifestations. Though mindfulness may not be utilized 
as a cure, it has been widely documented that providing a patient the means to focus 
their thoughts may act as a powerful force to cope or confront a disease or illness.

Such techniques may be easily incorporated at the bedside and require only a 
patient’s willingness and informed healthcare professional. Mindfulness may be 
utilized as an initial treatment or co-therapy in the treatment of depression, anxiety, 
post-traumatic stress disorder, and many others [20]. Patients may also see the ben-
efit in the reduction of stress and increase in coping abilities. When combined with 
cognitive behavior therapy and/or pharmaceuticals, mindfulness has shown great 
benefit in reducing the perception of pain [21, 22].

 Service Animals

Service animals have gained a great deal of popularity as a therapeutic adjunct. 
Specifically, dogs have been utilized to assist individuals suffering blindness, deaf-
ness, and numerous other disabilities. More recently, the idea of pet therapy; that is, 
utilizing the companionship animals provide to help feelings of depression, anxiety, 
and isolation, has gained increasing acceptance and practice. In fact, animals have 
even utilized in the academic sphere to positively impact the mental health of stu-
dents to reduce anxiety and burnout [23].

Recent research has demonstrated the positive impact of dogs on the mental 
health of patients in the clinical setting [24]. Often, but not in all cases, dogs must 
be certified to ensure they are well behaved and can appropriately interact with 
patients and hospital staff. Although other benefits exist, the most significant benefit 
appears to be the impact of service dogs on the mental health of patients. Moreover, 
benefits are seen over a wide array of patients and disease states from terminal to 
innocuous [25] (Fig. 1).
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Fig. 1 Service dog

 Reiki

Reiki, despite its inception almost a century ago, has remained a seldom discussed 
and poorly understood aid to standard therapies. Briefly, it is the belief that qi, the 
universal life force, may be utilized to heal through the hands of a practitioner. The 
debate regarding the efficacy of Reiki as a treatment notwithstanding, its addition as 
co-therapy has certainly not been demonstrated to be of harm to patients [26].

 Massage

Although Reiki does not incorporate physical touch as the conveyance for energy 
transfer, there are numerous other methods that do rely on touch. As mentioned 
previously, chiropractic manipulation is one such example of a touch-based care 
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technique. Worth elucidating here, massage therapy has likewise been utilized to 
provide pain relief, redistribute blood and fluid in the body, and provide a sense of 
comfort [27, 28]. Massage is typically not utilized at the patient’s bedside, though 
protocols do exist for its utility in a clinical setting [29]. Based on the minimal 
adverse events from trials on massage therapy to treat pain, it is reasonable for 
patients who choose to pursue it, given their understanding that its researched effi-
cacy is only in short-term follow-up [30].

 Aromatherapy

Aromatherapy is an ancient practice that utilizes aromatic materials for improved 
psychological and/or physical well-being. It is usually from an essential oil derived 
from a plant source. It can be done by the patient themselves by simply inhaling the 
scent of an essential oil or rubbing it onto the surface of their skin. The efficacy of 
aromatherapy in reducing perceived pain in a research setting has been mixed based 
on limited sample size, context of use, conjunctive use of massage, type of oil, and 
type of pain studied. It has shown to have a transient reduction in pain rating, but 
more studies need to be done on the long-term benefit [31]. A meta-analysis of 12 
studies determined that aromatherapy has been shown to reduce pain. Namely, aro-
matherapy showed the most potential in reducing post-operative and obstetrical and 
gynecological pain [32].

Care should be taken in using aromatherapy as an adjunctive therapy consid-
ering the potential for adverse reactions to the essential oils used, including pho-
totoxicity and dermatitis [33]. Patients should be aware of the source of essential 
oils, both the plant source and the manufacturer, given the variation of physio-
logic of effects of the compounds present and the lack of rigorous regulation 
compared to pharmaceutical medications. Considering the risks discussed, aro-
matherapy is a cost-effective tool that usually requires little oversight in 
application.

5  Summary

Behavioral and complementary interventions for chronic and acute pain are 
well- established as stand-alone or adjunct therapies. Many of these have been 
demonstrated to be effective, safe, and cost-effective at the bedside and can play 
an important role in multimodal pain control. Others have less evidence to sup-
port their use in this setting, but their success in other areas suggests them as 
valid. The development and prevalence of behavioral and complementary thera-
pies are likely to increase as more non-opioid solutions to pain control are 
sought. This will occur along several tracks including awareness, training, 
research, and reimbursement. Technology will play a role as virtual-reality 
relaxation programs and internet- delivered pain-coping skills training (PCST) 
develop [11].
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Patient Safety Considerations 
for Bedside Interventions

Nicholas Alvey and Narayana Varhabhatla

1  Overview

Keeping patients safe and avoiding complications are critical goals when perform-
ing bedside interventional procedures [1]. Knowing the patient, pertinent anatomy, 
indications for the procedure, and doing procedures with the most up-to-date tech-
niques are critical for patient safety. This chapter reviews aspects of patient safety 
that are most pertinent to bedside interventions.
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Essential Concepts
• The primary concern of bedside procedures is to avoid doing any harm to 

the patient while providing relief from pain.
• Understanding the anatomy of the procedure being done is paramount. 

Understanding the adjacent structures can help to diagnose complications 
if they arise.

• Knowing the potential complications unique to each procedure can help 
the injecting physician respond quickly should a complication arise.

• In a busy pain practice, it is easy to skip simple steps such as universal 
protocol, time out, and meticulous antisepsis. But these are critical in keep-
ing the physician and the patient safe.
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2  Procedure Preparation

Preparation is key to safety, and each clinic’s process should be standardized as 
much as possible to minimize the possibility of missing critical steps.

 Informed Consent

The patient should have a clear understanding of the procedure they are having 
done, what it entails, and the potential risks, benefits and alternatives [2]. Barriers to 
getting an appropriate consent may include language issues, health literacy, and the 
use of medical terminology [3, 4]. An appropriate consent may require having a 
medical interpreter, eliminating medical jargon, allowing ample time for patient 
questions, and ensuring patient understanding before obtaining the patient’s signa-
ture [5].

 The Universal Protocol

Pain clinics tend to move at a fast pace and it is critical to follow the Universal 
Protocol adopted by JHACO to avoid errors of wrong site, wrong procedure, and 
wrong patient [6]. Just before starting the procedure, the patient’s name, procedure 
being done, side of the procedure, and matching information on the consent should 
be confirmed. This process was initially developed to avoid surgical errors, but the 
same concerns apply to bedside procedures. It is not known the rate at which these 
errors occur during bedside procedures, but the risk can be minimized by following 
the Universal Protocol every time [7].

 Hand Hygiene

Hand hygiene can include handwashing with an antiseptic wash, alcohol-based 
hand rubs, or surgical hand wash [8, 9]. For alcohol-based rubs to be effective the 
solution must contact all surfaces of the hand. For handwashing with soap and 
water, hands should be rubbed vigorously together for 15 s after the application of 
soap under lukewarm water, then dried completely [8]. Before a bedside procedure, 
an alcohol-based hand rub should be used before wearing gloves. An alcohol-based 
hand rub should then be used again after removing gloves at the end of the proce-
dure and again before contact with the next patient [9].

 Procedure Site Antisepsis

Procedure site and skin antisepsis are critical for preventing surgical and procedure 
site infections. The most common agents employed for skin antisepsis are chlorhex-
idine gluconate and iodophors solutions in either alcohol-based or aqueous-based 
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solvents [10]. Alcohol-based compounds are superior to aqueous-based ones [11]. 
The only exception would be if the procedure were to occur on a mucosal surface in 
which case the only safe solution to use is an aqueous-based iodophor [11].

3  Adverse Events During Bedside Procedures

All procedures carry a risk of adverse events, thus all clinicians performing proce-
dures must have deep knowledge and understanding of the specific adverse events 
for each procedure.

 Provider Needlestick

The National Institute for Occupational Safety and Health (NIOSH) estimates that 
between 600,000 and 800,000 needle stick injuries occur every year [12]. The esti-
mated seroconversion rate after a needlestick injury from an infected patient is 
approximately 30% with HBV, 1.8% with HCV, and 0.3% with HIV [13]. Recapping 
a used needle, transferring body fluid between containers, and not disposing of used 
needles in proper storage containers are the most common times when a needle stick 
injury occurs.

Both the source patient and the employee should be tested for HBC, HCV, and 
HIV, with their consent. Post-exposure prophylaxis for HBV and HIV may be 
needed [13].

 Infection

There are no specific studies on the risk of infection in bedside pain procedures. A 
survey by Surgical Outcomes Information Exchange in 2010 of pain management 
clinics at ASC’s reported no infections from around the country. This may be due to 
the minimally invasive nature of most bedside procedures. However, universal pre-
cautions and proper antisepsis should always be followed.

 Peripheral Nerve Injury

Peripheral nerve injury after nerve blocks can be divided into mechanical or trau-
matic injury from the procedure (such as intraneural injection), toxic injury from the 
injected medication (as with highly concentrated solutions), and ischemic injury 
from vascular supply disruption to the nerve [14, 15]. The most significant factors 
for the risk of nerve injury are pre-existing nerve damage, location of the needle tip 
at the time of injection as well as the opening injection pressure [16].

Multiple steps can be taken to help prevent peripheral nerve injury. Ultrasound 
can show the presence of intra-neural injection but has not been shown consistently 
to reduce the incidence of peripheral nerve injury [15]. Longer bevel and wider 

Patient Safety Considerations for Bedside Interventions



104

diameter needles are more likely to cause a nerve injury [15]. Finally, preexisting 
peripheral neuropathy or spinal canal stenosis and procedure positioning can also 
increase the risk of a peripheral nerve injury [17]. If the patient reports paresthesia 
or intense pain with injection, the injection needs to be stopped and the needle 
should be adjusted even if the ultrasound picture looks appropriate. The patient is 
the first and best indicator of an intra-neural injection.

 Pneumothorax

Procedures done in the thoracic region carry a risk of pneumothorax. These include 
intercostal nerve blocks, trigger point injections, PECS blocks, serratus plane 
blocks, and brachial plexus blocks via the supraclavicular approach. Before the use 
of ultrasound technology, the incidence of pneumothorax from these blocks was 
estimated as high as 6%. However, the use of ultrasound has reduced the incidence 
to 0.06%, a 100-fold reduction [18]. Skillful ultrasound guidance is key, and the 
needle should be seen clearly and accurately during the entire procedure to avoid 
causing a pneumothorax.

Patients reporting dyspnea and nothing evidence of hypoxia after a thoracic pro-
cedure should be evaluated. 100% oxygen should be administered and a chest radio-
graph obtained. Most can be treated conservatively, but more severe cases may 
require a chest tube placement, hospitalization, and potential ICU stay.

 Vascular Injection and LAST

Local Anesthetic Systemic Toxicity, or LAST, can occur from a vascular injection 
of local anesthetic. The American Society of Regional Anesthesia provides updated 
practice advisories and checklists for suspected LAST [19]. LAST should be sus-
pected in any patient with acute neurologic changes and/or hemodynamic instability 
following the injection of a local anesthetic. There are no measures to prevent 
LAST. Ultrasound can reduce the risk, but doesn’t eliminate it. To minimize the 
risk, use the lowest effective dose of local and inject incrementally. Aspiration car-
ries an approximately 2% false-negative rate, so direct visualization on ultrasound 
may be the most effective way.

Maintain the patient’s airway with 100% oxygen and assisted ventilation if 
needed. Seizures should be treated with benzodiazepines. Hypotension and brady-
cardia should be treated. Advanced Cardiac Life Support (ACLS) may be necessary. 
Finally, a 20% lipid emulsion therapy should be initiated as soon as possible with a 
weight-based bolus followed by an infusion. In the case of ACLS measures, epi-
nephrine doses should be reduced to less than 1 μg/kg. Propofol is not useful in 
LAST since it’s more dilute than the lipid emulsion and it won’t be as effective, and 
it may lead to further cardiovascular instability.
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4  Conclusion

Interventional procedures carry an inherent risk that cannot be eliminated, but the 
risk can be minimized by cleaning one’s hands and injection sites, being up-to-date 
on the latest and safest ways to perform procedures, and recognizing complications 
unique to each procedure.
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Essential Concepts
• Most bedside pain procedures can be done with or without image guidance.
• Imaging modalities for pain management interventions include ultrasound, 

fluoroscopy, or computed tomography, however only ultrasound-guided 
procedures can be performed at the bedside. Therefore it is the imaging 
modality of choice for bedside procedures.

• Research identifying guidance techniques and which modality to choose is 
largely procedure-specific.

• Practitioner experience, cost, time, and efficacy are all factors that should 
be considered when planning bedside pain procedures.
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1  Overview

Interventional procedures at the bedside to treat chronic pain have evolved sig-
nificantly in the past century, and like many other aspects of medicine, these 
interventions are evolving every year. The improvement in imaging guidance 
technologies is responsible for much of the evolution in interventional pain med-
icine. The advent of fluoroscopy ushered in an era of more accurate and safe 
interventional procedures. Later, computed tomography (CT) and then ultra-
sound were adopted by pain specialists. Ultrasound is now increasingly used for 
many bedside pain interventions. In the modern era, pain medicine practitioners 
must weigh the benefits and drawbacks of utilizing imaging guidance for bedside 
procedures as an alternative to using time-honored anatomic landmark guidance. 
The available research on efficacy and outcomes is particularly important in 
guiding strategy.

2  Available Imaging Modalities

Fluoroscopy is currently the most widely used technology practitioners employ for 
interventional pain procedures [1]. Fluoroscopy allows clear images in real-time of 
bony anatomy to allow accurate needle or device placement. The main disadvantage 
is the exposure of the patient and physician to ionizing radiation. In addition, soft 
tissues are not well visualized with fluoroscopy. Computed tomography (CT) is also 
utilized by some pain medicine practitioners. CT allows cross-sectional imaging of 
bone and soft tissue but requires even more ionizing radiation to produce images 
and is not as widely available. Ultrasound is the most recently developed imaging 
modality that is increasingly used for pain procedures. Interest in using ultrasound 
in place of fluoroscopy for many interventional pain management procedures has 
grown significantly in recent years [2]. The portability of ultrasound imaging makes 
it attractive for bedside use. Ultrasound allows imaging of soft tissue including mus-
cle, tendon, ligament, nerves, and blood vessels. It can produce real-time images of 
needles and injectate, and there is no radiation exposure or other patient risk. 
Ultrasound is limited when imaging bone and structures deep to the bone since 
sound waves are not able to penetrate dense structures. It is also limited when trying 
to image deep structures or tissue, as there is image degradation from sonographic 
attenuation.

Prior to the development of these imaging technologies, all pain procedures were 
performed entirely by anatomic landmark-based guidance. These techniques utilize 
palpable anatomic landmarks to allow guidance of needles and medication. 
Currently, fluoroscopy remains the gold standard for all neuraxial procedures given 
its superior ability to define deep anatomy and reliability to detect possible intravas-
cular injection [3]. In contrast to neuraxial procedures, using anatomic landmarks 
remains the first learned and primary technique for most performing peripheral pro-
cedures such as joint injections, tendon sheath injections, and some nerve blocks. 
The use of imaging for many bedside procedures then becomes an optional adjunct, 
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and current research continues to emerge regarding pros and cons of using imaging 
for each specific procedure. Increased cost, increased time requirement, user depen-
dent learning curve, and unnecessary complexity are often cited downsides of utiliz-
ing imaging modalities in place of anatomic landmark guidance for those bedside 
procedures.

3  Which Modality to Choose for Bedside Interventions

For non-spinal pain procedures, fluoroscopy is indicated at times, but most of these 
procedures can be performed at the bedside using either ultrasound guidance or 
anatomic landmark guidance. The evidence supporting use of imaging versus ana-
tomic landmarks varies for each specific procedure. Available research evaluating 
increased cost, increased time, and the impact use of imaging has on efficacy varies 
widely amongst different types of procedures. The remaining portion of this chapter 
will focus on a discussion of the most commonly performed bedside pain proce-
dures, with a specific discussion regarding imaging modalities for each type of 
procedure.

 Shoulder Girdle Injections

When evaluating patients with chronic neck pain, shoulder pathology is frequently 
coincident. Thus, procedures to treat shoulder pain can be quite useful in a pain 
physician’s practice. A review of current literature shows general favorability 
towards using ultrasound guidance for these injections. A 2015 review showed that 
acromioclavicular, biceps tendon sheath, and glenohumeral joint injections per-
formed under ultrasound were significantly more accurate than anatomic landmark- 
based techniques [4]. Subacromial bursa injections using ultrasound were not found 
to be more accurate but did provide significantly improved pain relief and improve-
ment in function compared to blind techniques [4]. Another study found that 
ultrasound- guided injections are the most cost-effective choice for steroid injection 
in patients with adhesive capsulitis [5] (Figs. 1 and 2).

 Hip Injections

Similarly to coinciding shoulder pathology in neck pain, hip pathology can be a 
confounding factor in the workup and treatment of chronic low back pain. Hip joint 
injections were originally performed using anatomic landmark guidance, but in 
modern times they are performed almost exclusively with ultrasound or fluoro-
scopic guidance. Ultrasound-guided hip injections have been shown to be more 
accurate than blind techniques in a systematic review [6]. Byrd et al.’s study found 
that ultrasound-guided hip injections were associated with higher patient satisfac-
tion scores and lower pain scores than fluoroscopic injections [7].
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Fig. 1 Ultrasound image of a glenohumeral injection. The tip of the needle has entered the joint 
capsule just superficial to the labrum. G glenoid, HH humeral head, L labrum

 Sacroiliac Joint Injections

Sacroiliac joint pain is believed to be responsible for 10–25% of low back pain [8]. 
Sacroiliac joint injections are performed for both diagnostic and therapeutic pur-
poses. Fluoroscopic guidance has been the standard technique, since anatomic land-
mark based injections have reported accuracy rates for placing the needle into the 
sacroiliac joint of around 20% [9]. Ultrasound guided sacroiliac joint injections 
have been reported to have accuracy ranging from 40 to 90%, and are not consid-
ered superior to fluoroscopically guided injections by some studies [9]. Of note, 
however, is the study by Hartung et al. which established that there are no differ-
ences in efficacy whether the needle tip is peri-articular or intra-articular [10]. If 
true, this would seem to negate the need for absolute accuracy in placing the needle 
tip. Another study comparing outcomes between ultrasound guided SIJ injections 
and fluoroscopic SIJ injections did not identify any significant differences in pain 
relief and overall satisfaction [11]. Furthermore, Cohen et  al. showed through a 
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Fig. 2 The notoriously difficult to palpate acromioclavicular joint is easily visualized on ultra-
sound. A acromion, C clavicle

randomized control trial that when compared to fluoroscopic guided injections, 
landmark based injections were able to provide more immediate pain relief, with no 
difference in outcome at 1 month, and slight improvements in some outcome mea-
sures at 3  months for the fluoroscopic guided sacroiliac joint injections [12]. 
Detailed discussion in this study also discussed the much higher cost for fluoro-
scopic procedures, and relative cost benefit ratio [12] (Fig. 3).

 Knee Injections

Peripheral joint osteoarthritis is a commonly encountered condition in the outpa-
tient pain clinic setting. Knee joint injections have traditionally been performed 
with good efficacy using landmark-based techniques. Some providers began using 
fluoroscopic guidance for knee injections, and ultrasound has become popular more 
recently. In a 2010 review [13], ultrasound guidance for injections into the knee was 
found to increase accuracy from 77.8% to 95.8% when compared to landmark based 
techniques. In the same study, patients reported decreased procedural pain, better 
reduction in pain scores, and improved function when injections were performed 
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Fig. 3 Ultrasound visualization of the sacroiliac joint just distal to the posterior superior iliac 
spine. The sacroiliac ligament complex is clearly visible. I ilium, S sacrum, L sacroiliac ligament 
complex. [fileSIjoint02]

with ultrasound guidance [13]. A randomized controlled trial performed in 2018 
reported significant improvements in pain and function of the subscales of the 
WOMAC scale at 6 and 12 weeks in patients who underwent ultrasound-guided 
viscosupplementation compared to anatomic landmark guided injection [14]. The 
authors postulated that use of ultrasound guidance may improve clinical outcomes 
for knee viscosupplementation (Fig. 4).
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Fig. 4 Ultrasound visualization of the suprapatellar recess, an excellent target for knee injec-
tion since it is an extension of the knee joint. Image is in plane to the patellar ligament, with the 
patella on the right and the suprapatellar recess seen between the prefemoral and quadriceps fat 
pads. PF prefemoral fat pad, Q quadriceps fat pad, P patella, T quadriceps tendon, S suprapatel-
lar recess

 Greater Trochanteric Pain/Bursa Injections

Greater trochanteric pain syndrome often accompanies lumbosacral radiculopa-
thies as well as chronic axial low back pain. In many cases, an injection at the 
greater trochanter is performed with anatomic landmark guidance, but some pro-
viders utilize fluoroscopic guidance to confirm needle placement. An important 
study found that fluoroscopic guided injections did not provide any improvement 
in outcome but dramatically increased cost when compared to landmark guided 
injections for greater trochanteric pain syndrome [15]. This study recommended 
fluoroscopic greater trochanteric injection only when patients have failed land-
mark guided injections and conservative treatment [15]. There is scant evidence 
evaluating ultrasound versus landmark guidance for greater trochanteric 
injections.
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 Piriformis Muscle Injections

Piriformis syndrome is a less common cause of buttock and leg pain, but it should 
remain in the differential as piriformis muscle injections can be highly successful. 
This procedure has frequently been performed under fluoroscopic guidance, but a 
notable cadaveric study performed by Finnoff et  al. reported significantly more 
accurate needle placement with ultrasound guidance (95%) versus fluoroscopic 
guided (30%) [16]. Due to the deep nature of the muscle and the proximity to the 
sciatic nerve, anatomic landmark guided piriformis injections are generally not 
advised.

 Lateral Femoral Cutaneous Nerve Block

Used for blockade of the lateral femoral cutaneous nerve in meralgia paresthetica, 
the traditional technique has utilized anatomic landmarks such as the anterior supe-
rior iliac spine to target the nerve. A study comparing ultrasound guidance versus 
anatomic landmark guidance for lateral femoral cutaneous nerve block in cadavers 
and volunteers found much higher accuracy of needle placement with ultrasound 
guidance (16 of 19 cadavers and 16 of 20 volunteers) versus landmark guidance  
(1 of 19 cadavers and 0 of 20 volunteers) [17].

 Greater Occipital Nerve Block

Blockade of the Greater and/or Lesser Occipital Nerves are frequently performed 
by the pain practitioner for diagnostic and therapeutic treatment of headache. These 
can be performed with anatomic landmark guidance, with fluoroscopy, and with 
ultrasound. A 2013 randomized controlled trial by Finlayson et al. determined that 
both fluoroscopic and ultrasound guidance provided similar success rates, but that 
ultrasound guidance was associated with improved efficiency (decreased perfor-
mance time and fewer needle passes) [18]. There are sparse studies comparing 
image guidance to anatomic guided injections, but some have suggested higher suc-
cess rates with ultrasound guidance compared to none [19].

 Ilioinguinal/Iliohypogastric Block

Ilioinguinal and Iliohypogastric nerve blocks can be helpful in evaluation and man-
agement of chronic groin and pelvic pain. Historically, landmark based approaches 
have been used. In regional anesthesia literature, failure rates of landmark based 
blocks is suggested to be as high as 30%. Ultrasound has been suggested to allow 
lower volumes of medication and improved efficacy and pain control in a paper by 
Willschke and colleagues [20].
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Table 1 Advantages and disadvantages of using image guidance in comparison to anatomic land-
mark guidance

Advantages Disadvantages
Anatomic landmark 
guidance

• Low cost
• Fast
• No additional equipment 
required
• No additional training needed

• Decreased accuracy
• Decreased functional response 
in some studies

Ultrasound guidance • Improved accuracy
• Improved functional response 
in some studies

• Increased cost
• Increased time requirement
• User dependent learning curve
• More complexity

 Pudendal Nerve Block

Pudendal nerve blocks have been used for diagnosis and treatment of pelvic and 
perineal pain. Traditionally, landmark based techniques were utilized. Fluoroscopic 
and ultrasound guided approaches are now frequently used. A 2012 randomized 
controlled trial showed no difference in degree of neural blockade between ultra-
sound and fluoroscopically guidance, although ultrasound required significantly 
longer procedural time [21] (Table 1).

4  Conclusion

For non-spinal pain procedures including most bedside procedures, there is varying 
evidence specific to each procedure supporting use of image guidance with ultra-
sound as opposed to anatomic landmark guidance. While fluoroscopy allows advan-
tage in some cases, most of the procedures discussed in this chapter can be safely 
performed at the bedside. Pain practitioners must make their own evaluation of 
many factors when choosing whether to use ultrasound guidance. Consideration 
should be given to efficacy of image guidance on outcome, cost, increased time 
requirement for image guidance, as well as user dependent experience and comfort 
level. Another important consideration is patient habitus, as image guidance for 
obese patients seems to be an obvious advantage. Future research should focus on 
outcomes rather than just accuracy when evaluating the use of image guidance for 
bedside pain procedures.
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Clinical Pearls
• Ultrasound guidance can increase efficacy for some bedside procedures 

such as shoulder girdle, hip, knee, and piriformis injections. It has also 
been found to improve efficacy for lateral femoral cutaneous nerve, ilioin-
guinal, and iliohypogastric nerve blocks.

• For other procedures such as occipital nerve block, sacroiliac joint injec-
tion, and greater trochanteric injections, landmark guidance seems to be 
equally effective.

• The decision to utilize ultrasound guidance should be dependent on practi-
tioner experience, as there is a steep learning curve.

• Ultrasound guidance may be especially helpful in patients with challeng-
ing body habitus.
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Essential Concepts
• Medical ultrasound is crucial to bedside diagnostics, monitoring, resusci-

tation, screening, and procedural guidance.
• Compared to other imaging modalities, ultrasonography does not utilize 

ionizing radiation, is relatively cost-effective, and allows for quick visual-
ization of anatomical structures.
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1  Overview

Ultrasound is a widely used imaging modality in clinical medicine that allows for 
real-time anatomical visualization. The applications of ultrasound are extensive and 
valuable due to its portability, affordability, and flexibility. Advancements in ultra-
sound technology have produced high-end ultrasound machines that are easily 
transportable to the patient bedside. In addition, unlike other commonly used imag-
ing modalities such as computed tomography, magnetic resonance imaging, and 
nuclear imaging, ultrasound does not utilize ionizing radiation, is relatively cost- 
effective, and allows for quick visualization of anatomical structures. Although 
ultrasound technology does have inherent limitations, the images acquired can pro-
vide immediate real-time guidance for clinical diagnosis and many interventional 
procedures.

The following chapter will focus on its portability and needle visualization in the 
context of bedside diagnostics and intervention.

2  Historical Aspects and Traditional Approaches

The history of ultrasound technology is based on the fundamental principles of the 
Doppler effect. These concepts were applied to build the first hydrophone during 
World War II-era when French physicist Paul Langevin refined the phenomenon of 
echolocation for underwater detection of submarines and navigation [1, 2]. During 
the 1950s, Donald and colleagues at the University of Glasgow introduced ultraso-
nography to the medical field as a diagnostic tool [3]. Early designs for more com-
pact and affordable ultrasound machines were developed in the 1990s; however, 
they were hampered by poor image quality.

Further advances in ultrasound technology have propelled its regular use in bed-
side diagnostics and interventional pain practice [4]. Bedside POCUS is increas-
ingly being used to facilitate accurate diagnoses, assist procedures, and triage 
patients in emergency settings. In addition, it offers a portable, inexpensive, and 

• 3-D mechanical scanning offers the advantage of shorter imaging and 
reconstruction times and more accurate 3-D images. However, its bulki-
ness and weight sometimes make it inconvenient to use.

• During interventional procedures, needles may be advanced in one of two 
planes, (1) an in-plane (longitudinal) approach, where a needle is inserted 
parallel to the long axis of the transducer, and (2) an out-of-plane approach, 
in which the needle is directed perpendicular to the ultrasound beam.

• Ultrasound technology comes with several drawbacks, including but not 
limited to insufficient tissue windows, artifacts, and high cost of equipment.
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radiation-free method of diagnosis [5], and real-time visual guidance for minimally 
invasive interventional procedures [4].

3  Recent Developments

Portable ultrasound devices are not just used for diagnostic imaging but also aid 
with monitoring, resuscitation, screening, and procedural guidance. As these devices 
have become more portable in recent years, practitioners have increasingly incorpo-
rated their use in bedside interventions. Studies have documented numerous bene-
fits when ultrasound is used for interventional procedures, including a reduction in 
systemic local anesthetic toxicity [6], recognition of abnormal anatomy, fewer 
block-related complications such as pneumothorax or a failed block [7], and short-
ened procedure times [8].

As ultrasound devices rapidly evolve to become smaller, more affordable, and 
more user-friendly, they expand opportunities for usage and teaching for multiple 
practitioners and trainees. A novel category of smaller handheld devices has recently 
emerged, providing increased portability and affordability [5]. These ultra-portable 
devices are lightweight, battery-powered, and growing increasingly affordable. 
Recent improvements in ultrasound technology include 2-D phased array transduc-
ers, 3-D real-time ultrasound, harmonic tissue imaging, and spatial compound 
imaging, all potentially offering improvements in diagnosis and treatment [4].

3-D ultrasound images are reconstructed using multiple acquired 1-D or 2-D 
images. The scanning technique must be rapid or gated to avoid motion artifact. 
Additionally, geometric distortions can occur in the 3-D image if the location and 
orientation of the 1-D or 2-D images are not accurately obtained. 3-D mechanical 
scanning offers the advantage of shorter imaging and reconstruction times, and 
more accurate 3-D images. However, the bulkiness and weight of 3-D ultrasound 
consoles reduce their portability and convenience [5].

Tissue harmonic imaging and spatial compound imaging are two recent innova-
tions that have improved image resolution and have been available in most ultra-
sound units for the past decade. When an ultrasound pulse travels through tissues, 
the original wave shape becomes distorted. Harmonic frequencies are generated by 
the reflected echoes of different frequencies of many higher order harmonics. 
Harmonic imaging captures both the fundamental frequency and its secondary har-
monic component to reduce artifact and clutter at the surface tissue. Harmonic 
imaging technology is especially beneficial for visualization of deep and complex 
anatomic structures, for which harmonic imaging can improve image resolution [4].

Spatial compound, or multibeam, imaging utilizes parallel beams oriented at dif-
ferent directions to image tissue multiple times. The average of these echoes is 
compounded to produce a single composite image with reduced levels of “clutter” 
and “noise” but improved contrast and margin definition, which can aid in needle 
visualization. This also helps to increase the lateral resolution and decrease the 
“graininess” of the image [4].

Point-of-Care Ultrasound



124

Neuraxial
   • Intra-articular facet blocks/medial branch nerve blocks
   • Epidural injections
Joints
   • Elbow
   • Hip
   • Knees
   • Sacroiliac
   • Shoulder
   • Wrist
Peripheral/other
   • Stellate ganglion block
   • Greater occipital nerve
   • Branches of brachial plexus
   • Branches of lumbosacral plexus
   • Intercostal nerve
   • Lateral femoral cutaneous nerve
   • Suprascapular nerve
   • Ilioinguinal nerve
   • Iliohypogastric nerve
   • Genitofemoral nerve

Table 1 Ultrasound-
guided interventional 
pain injections

Traditionally, interventional pain specialists performed procedures using surface 
landmarks or imaging guidance from computational tomography, magnetic reso-
nance imaging, or fluoroscopy. The use of ultrasound in interventional pain man-
agement has become increasingly popular, as practitioners favor its ease of use, lack 
of radiation exposure, and real-time visualization of anatomic structures, needle 
advancement, and spread of injectate. Interventional pain specialists have reported 
use of ultrasound-guidance for multiple procedures: these are summarized in 
Table 1.

Studies have demonstrated that ultrasound guidance is safer by bolstering a prac-
titioner’s ability to avoid intravascular injections as opposed to with fluoroscopy [4, 
9]. Comparative effectiveness data with interventional pain procedures under ultra-
sound versus fluoroscopy are lacking [4, 9].

Ultrasound-guided interventional procedures may employ one of two approaches 
for needle insertion: guided and freehand [10]. With a guided needle insertion, a 
mechanical guide attached to the probe restricts the path of the needle, while the 
ultrasound screen displays its predicted path. Although the guided needle technique 
may provide greater precision of needle insertion, needle visualization may be lim-
ited in tissues with high echogenicity and artifact. Conversely, freehand needle 
insertion is more challenging but offers greater flexibility for needle insertion and 
manipulation.
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a b

Fig. 1 In-plane approach for ultrasound-guided interventions. The needle is parallel to the probe, 
which is the in-plane (longitudinal) approach. (a) In the in-plane method, the needle is inserted 
lateral and parallel to the long axis of the transducer, allowing the clinician to visualize the move-
ment of the needle without repositioning the ultrasound probe. (b) Ultrasonogram demonstrating 
the in-plane approach. Yellow arrows—needle shaft

Ultrasound-guided needle advancement may be performed in one of two orthog-
onal planes, (1) parallel to the ultrasound probe, which is the in-plane (longitudinal) 
approach and, (2) perpendicular to the probe (the out-of-plane approach). In the 
in-plane method, the needle is inserted lateral and parallel to the long axis of the 
transducer, allowing the clinician to visualize the movement of the needle without 
repositioning the ultrasound probe (Fig. 1). In an out-of-plane approach, the needle 
is directed perpendicular to the ultrasound probe at its midline, revealing a hyper-
echoic dot as the needle passes through the ultrasound beam (Fig.  2). In some 
instances, a procedure may be reasonably performed using both approaches; clini-
cians may favor one over the other because of personal experience, the location of 
the needle target in the ultrasound image, or the location of anatomic structures, 
such as blood vessels, in the path of the needle. Regardless of the approach used, the 
needle tip should be visualized at all times to minimize the risk of damage to adja-
cent tissues [11].
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a b

Fig. 2 Out-of-plane approach for ultrasound-guided interventions. In an out-of-plane approach, 
the needle is directed perpendicular to the ultrasound probe at its midline, revealing a hyperechoic 
dot as the needle passes through the ultrasound beam. Note that the fluid around the needle tip 
enhances the visualization. (a) In the out-of-plane method, the needle is inserted lateral and paral-
lel to the long axis of the transducer, allowing the clinician to visualize the movement of the needle 
without repositioning the ultrasound probe. (b) Ultrasonogram demonstrating the out-of-plane 
approach. Yellow arrow—needle shaft. Note that the fluid around the needle tip enhances the 
visualization

4  Concerns and Drawbacks

Although ultrasound has several practical applications with advantages over other 
imaging modalities, clinicians should be aware of its limitations. These include but 
are not limited to the generation of 2-D images, variation in practitioner skill level, 
and presence of artifact. Measurements obtained using multiple 2-D images can 
lead to variable, and at times, inaccurate measurements [12]. The physical proper-
ties of ultrasound prevent accurate imaging of some body tissues and can generate 
significant visual artifacts including specular reflection, acoustic shadowing, and 
image refraction. As a result, the object’s location in the displayed image can be 
misinterpreted and misrepresented, especially to an inexperienced sonographer. 
High-frequency ultrasound probes emit waves that generate images with superior 
axial resolution but have low penetrance, limiting their ability to image deeper 
structures. The opposite is true with low-frequency probes. Additionally, as an ultra-
sound pulse travels through tissues, the intensity can be attenuated by scattering, 
friction-like losses, and absorption through the conversion of the original mechani-
cal energy into heat [4].
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5  Conclusion and Future Directions

Modern ultrasound equipment is based on many of the same fundamental principles 
applied in the original devices used over 50 years ago [4]. In comparison to other 
imaging modalities, ultrasound is relatively inexpensive, portable, safe, and may be 
used for real-time procedural guidance. Continued improvements in image quality 
and resolution have expanded the use of ultrasound to many areas of medicine 
beyond traditional diagnostic imaging, particularly in regional anesthesia and pain 
medicine. Ultrasound technology has evolved into a safe imaging modality with 
both diagnostic and procedural utility. When comparing ultrasound to traditional 
imaging techniques, increased numbers of randomized controlled trials are still 
needed. Nonetheless, proceduralists recognize the safety and utility of ultrasound 
and have incorporated its use for many interventional procedures [4].
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Neuromodulation at the Bedside

Tuan Tang and Alaa Abd-Elsayed

1  Bedside Transcutaneous Electrical Nerve Stimulation

 Overview

Transcutaneous Electrical Nerve Stimulation (TENS) is a non-invasive neuromodu-
latory technique that utilizes electrical currents delivered transcutaneously through 
electrodes to dermatomal sites or according to auricular therapy mobs for potential 
localized or systemic analgesia [1]. The main modalities of TENS include conven-
tional TENS, which uses high-frequency, low-intensity electrical current to inhibit 
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Essential Concepts
• Non-invasive portable, inexpensive, and overall safe neuromodulation 

could be a reasonable pain management option at the bedside.
• Most of the techniques, including transcutaneous neurostimulation (TENS) 

are widely available and there are few barriers to its application.
• Exclusion criteria for candidacy for most of the neuromodulation tech-

niques for bedside applications include (but are not limited to) pregnancy, 
recent head trauma, prior seizure history, or history of adverse side effects 
with transcutaneous neuromodulation.
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Table 1 Characteristics and mehanism of action of conventional and acupuncture-like TENS

Characteristicsa Mechanism of action
Conventional 
TENS

• High-frequency 
(50–100 Hz)
• Low-intensity
• Small pulse 
width (50–200 μs)

Stimulate large diameter, low threshold non-noxious 
afferent (A-beta) in dermatomes, which inhibits the 
segmental pathway (via inactivation of nociceptors and 
sensitization in the central nervous system (CNS)

Acupuncture- 
like TENS

• Low-frequency 
(2–4 Hz)
• High-intensity
• Long pulse 
width 
(100–400 μs)

Stimulate small diameter, high threshold peripheral 
afferent (A-delta) fibers, which activates the inhibitory 
extrasegmental pathway (via activation of midbrain 
peri-aqueductal grey and rostral ventromedial medulla)

aDefined by The International Association for the Study of Pain (IASP)

the segmental pathway, and acupuncture-like TENS (ALTENS) which uses low- 
frequency, high-intensity electrical current to activate the inhibitory extrasegmental 
pathway [2]. In terms of clinical effectiveness, some randomized controlled trial 
publications have shown that TENS has greater pain relief for post-operative pain 
than placebos, particularly with high-frequency high-intensity stimulation; however 
early systematic reviews have not confirmed benefits [2–4]. Other considered indi-
cations explored have yielded weak evidence for labor pain, insufficient evidence 
for dysmenorrhea, and inconclusive evidence for chronic pain, therefore further 
investigation is warranted to verify any benefits of TENS [4–6] (Table 1).

 Indications and Contraindications

Similar to other forms of neuromodulation, the indication for TENS therapy would 
be central pain symptoms however it is better fit to address localized central pain 
[7–9] (Fig. 1). Because of its cutaneous approach, TENS should not be used on open 
wounds, skin pathology including malignancies, nor non-sensate dermatomal areas 
affected by tactile allodynia and hyperesthesia. Important dangerous considerations 
for electrode placement location include HEENT (carotid sinus stimulation, laryn-
geal spasms, increase ocular pressure) and in the anterior and posterior chest (car-
diac conduction abnormalities, pulmonary compromise via intercostal muscles 
overstimulation) [1, 3, 10]. Contraindications for electrotherapies such as TENS 
include cardiac pacemakers and implantable cardioverter-defibrillators, pregnancy 
and epilepsy, however TENS use can be considered in certain situations under pro-
fessional supervision [9].

 Equipment and Supplies

While many TENS kits exists with different variations and capacities, gener-
ally they contain: TENS unit (dual channel), two wires with a total of 4 
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Fig. 1 Bedside 
transcutaneous 
neuromodulation 
procedure for the patient 
with intractable stump 
pain. The patient 
developed intractable 
lower extremity pain after 
the amputation. Reported 
more than 50% relief of his 
pain with transcutaneous 
electrical nerve stimulation 
(TENS)

connectors, four electrode patches, power source/batteries and a belt clip. The 
user can adjust pulse amplitude (mA), frequency (Hz), pulse width (μs), and 
pattern of current. Placement of the TENS device is dependent on the location 
of pain.

 Technique

Electrodes should be placed on healthy skin without neuropathies on the derma-
tomes of interest. However, alternative placements can include larger proxi-
mal nerves.

After making sure the contact site is clean and dry, place the two sets of elec-
trodes onto the specific pain site (e.g. neck pain, back pain) and attach the lead wires 
into the connectors and the TENS unit [9]. With a reliable power source such as 
batteries or outlet connection, initiate the TENS unit and input the desired settings. 
Since each device has different settings options, seek the manual or professional 
assistance in correctly managing the input. Patients can modify settings in accor-
dance with their physician (Fig. 1).
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 Potential Complications and Adverse Effects

Potential use-dependent analgesic tolerance may occur. This may be offset by 
N-methyl-D-aspartate blockade, which may prevent tolerance of spinal opioid 
receptors [1, 4, 10]. Use of mixed frequencies (modulating between high-frequency 
and low-frequency bursts in the same session) or alternating frequencies (in differ-
ent sessions) have been shown as a possible tolerance deterrent due to the simulta-
neous activation of mu-opioids and sigma-opioid receptors [6]. Severe adverse 
effects are rare with most common side effects reported as skin irritation and derma-
titis at the electrode placement side.
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Clinical and Technical Pearls
• Transcutaneous Electrical Nerve Stimulation (TENS) is a non-invasive, 

inexpensive technique that uses a portable, battery-powered pulse genera-
tor that is available over-the-counter and can be self-administered and self- 
titrated with minimal side effects and drug interactions.

• Its effect is often rapid in onset but short-term, requiring multiple and fre-
quent sessions for chronic pain control.

• While there are no predictors of success for TENS, effective trials of TENS 
can be used to predict the success of dorsal column stimulation devices 
such as spinal cord stimulation (SSC) implants.
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Viscosupplementation for Osteoarthritic 
Pain

Russell R. Lambert and Steven B. Jackson

1  Overview

Viscosupplementation (VS) refers to the use of hyaluronic acid (HA) formulations 
as an injectable solution used to provide intra-articular pain relief. HA is a naturally 
occurring polysaccharide found within synovial fluid that has multiple functions 
including lubrication, “shock absorption”, anti-inflammation, and even analgesia. 
Over the past 20 years, VS has gained significant notoriety as a nonsurgical treat-
ment for knee osteoarthritis. Clinical benefits of VS have been described elsewhere 
including the hip and glenohumeral joints, and even in the treatment of temporo-
mandibular dysfunctions [1–3].
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Essential Concepts
• Viscosupplementation can be used for pain secondary to the osteoarthritis 

of the knee.
• There are reports indicating the other large joints, joints including hip, 

shoulder, and ankle, as well as temporomandibular joints can be treated 
as well.

• Cross-linked formulations of HA with higher molecular weights are 
recommended

• Viscosupplementation is a cost-effective treatment of pain secondary to 
osteoarthritis.

• Clinical significance of symptomatic relief provided by viscosupplementa-
tion remains debated and must be evaluated on a case to case basis.
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From a clinician’s perspective, VS can be offered and safely administered to 
patients with relative ease, utilizing basic technical skills with or without the use of 
additional imaging modalities. Fluoroscopy, ultrasound, and traditional injection 
techniques can be used to administer VS. While the clinical benefits continue to be 
investigated, current consensus statements suggest VS can be a safe non-operative 
form of treatment for patients complaining of joint pain.

2  Historical Aspects

The commercial development of VS has largely been marketed towards the treat-
ment of knee osteoarthritis. In 1997, HA was approved in the United States as an 
intra-articular biologic device [4]. Since that time, numerous formulations have 
been developed, each with varying molecular weights and concentrations of HA., 
and the number injections in each series often varies between 1 and 5 depending on 
the manufacturers recommendations [4–6]. VS can be safely administered in the 
out-patient setting when injected into the knee via a variety of techniques including 
a lateral mid-patellar site [7]. Intra-articular shoulder injections may be offered 
based on the providers experience [2, 8]. Other joints including, but not limited to 
the ankle, hip, and thumb-metacarpal joint should be localized with fluoroscopy [9]. 
Though widely considered safe, the magnitude of clinical improvement provided by 
this treatment modality has come into question and has been carefully scrutinized 
across several different medical disciplines.

3  Recent Developments

As the population continues to age, providers are treating more and more patients 
complaining of debilitating major joint pain from numerous conditions including 
osteoarthritis. For example, a patient with knee osteoarthritis will often present 
complaining of knee pain that is exacerbated by activities of daily living and unre-
lieved with activity modifications, Non-Steroidal Anti-Inflammatory (Drugs 
NSAIDs), physical therapy, and even corticosteroid injections. At this point, many 
patients fear that surgical intervention remains the only available modality left. 
However, VS may be offered as another treatment option in patients whom wish to 
avoid surgery or may not yet be ideal surgical candidates.

The clinical benefits of VS are attributed to the multiple mechanisms of actions 
of HA. VS provides mechanical support by providing added viscosity to the native 
synovial fluid and stimulates the proliferation and reduces the apoptosis of chondro-
cytes. HA also promotes the synthesis of naturally occurring proteoglycans to fur-
ther nourish the articular cartilage while decreasing the inflammatory processes 
which are inherently chondrotoxic [10] (see Table  1). Furthermore, it has been 
widely demonstrated that VS can be a safe, and cost-effective treatment option for 
select patients with major joint pain.
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Table 1 Hyaluronic acid mechanisms of action

Area of influence HA Mechanism of action
Chondroprotection Stimulates chondrocyte proliferation
Proteoglycan 
synthesis

Promotes synthesis of aggrecan, the main proteoglycan within articular 
cartilage

Anti-inflammation Inhibits IL-1β, IL-8, IL-6, PGE2, TNF-α, and downregulates MMPs
Mechanical support Adds viscosity to synovial fluid and buffers physical stresses such as 

vibrations
Subchondral bone Preserves bony trabecular structure to maintain subchondral bone 

density
Analgesia Binds mechanosensitive ion channels and inhibits joint nociceptors

When VS is chosen as a treatment option for periarticular pain, the technique and 
means of application are patient and provider specific. Injection techniques for VS 
supplementation mirror those used with other intra-articular injectables, such as 
corticosteroids. Traditionally, intra-articular injections of the knee, shoulder, and 
ankle have been provided by utilizing spatial awareness of specific anatomical land-
marks. As mobile imaging modalities, including ultrasound, have become more 
readily available, providers are finding they are able to provide accurate delivery of 
injectables including VS, with relative ease. However, the lack of fluoroscopy and 
or ultrasound should not deter the provider from offering VS. While detailed instruc-
tions for each potential injection site are beyond the scope of this chapter, basic 
injection techniques of the shoulder, knee, and ankle are provided below, each dem-
onstrated without the use of ultrasound.

Figure 1 demonstrates the lateral mid patellar approach for injection of VS in the 
knee. The patient is often laid supine with the knee extended. The superior, inferior, 
and lateral aspects of the patella are palpated.

The midpoint of the patella is identified. The patella can be slightly everted and 
translated laterally to allow better access into the patellofemoral joint. The needle 
should then be inserted into the patellofemoral joint space, perpendicular to the long 
axis of the extremity [11]. Figure 2 demonstrates the posterior approach for entry 
into the glenohumeral joint. This site utilizes  a natural soft spot between the humeral 
head and glenoid which exists approximately 2–3 cm inferior and 1–2 cm medial to 
the posterolateral corner of the acromion [12].

With the patient facing away from the provider, the needle is introduced through 
the skin and soft tissues, aiming towards the coracoid process which can sometimes 
be palpated simultaneously with the providers opposite hand to aid in triangulation. 
Figure 3 demonstrates an easily accessible site for injection of VS into the ankle. 
This technique utilizes another naturally occurring soft spot which exists between 
the tibialis anterior tendon and the medial malleolus at the level of the tibiotalar 
joint line [13]. The patient may be seated with the extremity hanging off the exam 
table, or comfortably laying supine. The provider then palpates the soft spot as men-
tioned above, and introduces the needle into the ankle, parallel to the tibiotalar 
joint line.
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Fig. 1 Lateral mid patellar approach for intra-articular injection of the knee

Fig. 2 Posterior entry into the glenohumeral joint is accomplished by palpating the natural “soft spot” 
between the humeral head and glenoid which is located approximately 2–3 cm inferior, and 1–2 cm 
medial to the posterolateral aspect of the glenoid. The needle is then introduced through the skin and 
soft tissues towards the coracoid process which can be palpated simultaneously by the free hand
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Fig. 3 Needle entry into the ankle joint can be accomplished by placing the needle into a naturally 
occurring soft spot that exits and the ankle joint line lateral to the medial malleolus and medial the 
tibialis anterior tendon. The needle can then be introduced into through the skin and soft tissues 
perpendicular to the tibiotalar joint line

Furthermore, the product used is often dictated by the patient’s health insurance 
provider. Numerous formulations have been developed and refined over the years, 
each claiming advantages over the competitors. However, consensus statements 
were summarized by Henrotin et al. and include evidence-based dosing recommen-
dations, single injection regimens must be performed with products specifically 
developed for such, and highly cross-linked products increase the time of intra- 
articular residence [9]. The clinical indications for VS continue to evolve and remain 
the subject of continued debates.

4  Potential Concerns

While widely considered a safe, non-surgical option for the treatment of joint pain, 
much debate exists regarding the degree of clinical benefit provided by VS. The 
minimal clinically important difference, MCID, is a metric used to detect the mini-
mum change in patient reported outcomes that is perceived as clinically important. 
Herman et  al. [4] reviewed numerous reports of VS with respect to MCID and 
reported that despite reported pain relief, evidence of significant clinical benefit is 
lacking. Furthermore, the American Academy of Orthopedic Surgeons (AAOS) 
reversed its recommendation regarding the use of VS in the treatment of knee OA in 
2013, now stating the academy is unable to recommend the use of HA for patients 
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with symptomatic knee osteoarthritis citing a general lack of evidence demonstrat-
ing a significant clinical benefit [14]. Thus, patients need to be educated and under-
stand the likely outcomes when considering VS.

5  Conclusion

VS remains a safe non-surgical treatment option for joint pain as detailed above. It 
can be administered with relative ease in the outpatient setting with or without the 
use of advanced imaging modalities. However, conflicting guidelines exist among 
the professional colleges and societies that publish recommendations regarding the 
use of VS. Current research surrounding the use of VS and its potential clinical 
benefit is ever changing and providers offering VS need to be aware and counsel 
their patients appropriately based on the best available evidence. Thus, patient 
selection is critical and may be the most critical factor when considering VS as a 
treatment option for joint pain.
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Essential Concepts
• Therapeutic ultrasound is a low-risk intervention in the treatment of acute 

and chronic pain from a variety of musculoskeletal conditions.
• Repetitive transcranial magnetic stimulation generates induced electric 

current in the targeted brain parenchyma. rTMS performed at high fre-
quency over the primary motor cortex seems to have the best efficacy in 
pain relief.

• Low level laser therapy modulates inflammatory mediators to produce 
analgesic effects in the treatment of various musculoskeletal conditions.

• Millimeter waves therapy is thought to modify the function of peripheral 
nerve receptors and induce changes in the endogenous opioid system.

• More robust studies investigating the efficacy and specific treatment proto-
cols for therapeutic ultrasound, repetitive transcranial magnetic stimula-
tion, low level laser therapy, and millimeter waves therapy are needed.
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1  Therapeutic Ultrasound

Ultrasound has been applied for medical purposes since the 1950s, when it was first 
used as a diagnostic tool in obstetrics and gynecology [1]. Over the years, its appli-
cation has expanded to include not only widespread use for diagnosis of soft tissue 
pathology, imaging guidance during injections and line placements, and fetal moni-
toring, but also for myriad therapeutic purposes. Ultrasound has most classically 
been used to treat musculoskeletal conditions such as osteoarthritis, soft tissue 
shoulder injuries, and myofascial pain [2, 3], but its use has also extended to treat-
ments for atrial fibrillation, nephrolithiasis, fractures, and benign and malignant soft 
tissue tumors [4, 5].

 Low-Intensity Therapeutic Ultrasound/Ultrasound Diathermy

Therapeutic ultrasound involves use of an ultrasound machine that conducts an 
electric signal through crystals in the head of a handheld transducer. In a phenom-
enon called the piezoelectric effect, the crystals in the ultrasound probe vibrate, 
creating mechanical waves at frequencies outside the range of human hearing. The 
pressure, amplitude, frequency, and propagation length can be adjusted. A coupling 
medium, usually a hypoallergenic gel, is placed on the skin to help with wave trans-
duction to the target tissue [5]. The energy of the waves produced causes vibration 
and heating of the tissues under the probe, which can induce vasodilation and 
increased blood flow and oxygen delivery, thereby accelerating healing [4]. When 
ultrasound is used for diagnostic purposes, temperature elevations are kept rela-
tively low or negligible [6]. In contrast, therapeutic applications of ultrasound use 
longer durations of heating with unfocused beams or focused beams at higher 
intensities.

Physical therapists harness the thermal energy produced by therapeutic ultra-
sound at low powers to treat stretch pain and shoulder pathologies [7]. The trans-
ducer is applied in a circular motion over the injured or painful area in order to 
warm tendons, muscles, and other tissue and improve the blood flow and healing 
rate of these regions. There is level III evidence for the use of low-intensity ultra-
sound to treat pain in degenerative disorders of the musculoskeletal system [4]. 
Studies investigating the level of clinical benefit from physical therapy ultrasound 
treatment have conflicting results [3, 8–11], and more robust studies with clearer 
indications and techniques are needed. However, the risk of harm, such as burns, is 
low when the technique is applied properly, and overall, therapeutic ultrasound at 
low intensity provides a modest level of efficacy at a low level of risk.

 High-Intensity Focused Ultrasound

High-intensity focused ultrasound (HIFU) is used for uterine fibroid ablation [12, 
13], cardiac ablation [14], visceral soft tissue ablation [15], management of pros-
tate cancer [16–18], treatment of glaucoma [19], and aesthetic treatment to lift the 
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eyebrows [20]. HIFU uses a curved transducer probe to create a focal point of the 
ultrasonic waves several millimeters to centimeters away from the transducer 
plane. High local intensities of greater than 1 kW/cm2 of 0.5- to 7-MHz are used 
to produce lesions in the tissue usually a few millimeters in diameter and length 
[5]. Before the focal point of the ultrasound beam can be moved to additional 
locations to complete the planned volume of treatment, tissue changes in the treat-
ment zone must be monitored to ensure adequate treatment effects have been 
achieved. Imaging modalities such as ultrasound and magnetic resonance imaging 
(MRI) are used for image guidance and treatment monitoring, and when used in 
conjunction with therapeutic ultrasound, can increase the safety, accuracy, and 
efficacy of treatment [21]. Ultrasound imaging confers the benefits of live views, 
wider compatibility with implanted devices, and lower cost, but MRI is still the 
preferred imaging modality due to its higher image resolution and wider field of 
view [21].

2  Other Physical Modalities

 Transcranial Magnetic Stimulation (TMS)

TMS is a non-invasive technique that has been used to treat pain since the 1990s 
[22]. It initially emerged as a non-invasive, less expensive treatment alternative to 
invasive brain stimulation through epidural motor cortex stimulation and deep brain 
stimulation, which have both shown efficacy in treating chronic pain of multiple 
etiologies [23–29]. In TMS, a coil is placed on the patient’s scalp, and capacitors in 
a pulse generator are rapidly charged and discharged to send brief electrical currents 
through a wiring system within the coil to generate an electromagnetic field. This 
electromagnetic field produces an induced electric current in the brain parenchyma 
a few centimeters away, thereby allowing stimulation of specific cortical areas 
(approximately 5 mm3 of cortex affected at a time) based on positioning of the coil 
[22]. The current depolarizes neurons, creates evoked responses, and changes neu-
ronal plasticity in the affected area.

Studies of repetitive transcranial magnetic stimulation (rTMS) have shown that 
repetitive pulses of TMS produce local changes outlasting the stimulation period 
[30, 31]. Previous work has suggested that stimulation of the primary motor cor-
tex and prefrontal cortex activates distant brain regions implicated in the integra-
tion and modulation of pain stimuli [32], and in healthy subjects, high-frequency 
unilateral rTMS of the primary motor cortex induces bilateral increase in pain 
thresholds [33]. In a systematic review of 33 randomized trials on the analgesic 
effect of rTMS, most studies reported significant pain relief (frequently >30% 
compared to control) after rTMS [22]. In particular, rTMS performed at high fre-
quency (10 Hz) over the primary motor cortex with the induced electric current 
delivered in the posterior/anterior direction seemed to have the best efficacy [22]. 
However, few studies have investigated the efficacy of maintenance sessions of 
rTMS [22].
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 Low Level Laser Therapy (LLLT)

LLLT, also known as cold laser therapy, is a low-cost, non-invasive modality that 
uses low-frequency continuous laser of typically 600–1000 nm wavelength to treat 
pain and inflammation [34]. This form of light therapy acts on mitochondrial photo-
receptors to increase oxidation velocity and accelerate cellular metabolism. Its 
mechanism of action is thought to be related to its role in modulating inflammatory 
mediators [35, 36], reducing bradykinin levels [37, 38], and increasing synthesis of 
endorphins [39–42]. Both experimental and clinical trials have shown analgesic and 
anti-inflammatory effects of photobiomodulation with few contraindications and 
rare side effects [43–45]. Specifically, clinical studies have shown promising results 
for LLLT in the management of Achilles tendonitis [46], neck pain [43, 47], OA 
[48], and other chronic musculoskeletal pain disorders [49]. However, existing stud-
ies have a high variation in LLLT application parameters (laser type, wavelength, 
power, energy density, etc.), and further research is needed to determine the ideal 
dose targets for treatment applications [34, 50].

 Millimeter Waves Therapy (MWT)

MWT is a non-invasive modality developed in the former USSR in the mid-1980s 
and reported to be effective in the treatment of numerous diseases, particularly those 
associated with pain and inflammation [51–54]. MWT consists of repetitively 
exposing regions of the body to electromagnetic radiation with frequencies of 
30–300 GHz and corresponding wavelengths from 10 to 1 mm [55]. Low-intensity 
MWT penetrates less than 1 mm into soft tissue and is thought to modify the func-
tion of peripheral nerve receptors, as well as induce changes in the endogenous 
opioid system [56–58]. Side effects of MWT include temporary paresthesias, head-
ache, changes in blood pressure, rash, and general fatigue and sleepiness during 
treatment sessions [51–53, 59–61]. A systematic review of existing literature found 
that the most commonly used parameters of MWT were frequencies between 30 
and 70 GHz and power density up to 10 mW cm−2 [62]. Small randomized con-
trolled trials and pilot studies have shown promising results, but higher-quality, 
larger studies are lacking [62].
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Bedside Transcutaneous Drug Delivery

Nicholas Capaldo, Glenn Rech, and Dmitri Souza

1  Overview

Transcutaneous drug delivery for analgesia presents many unique features that 
make clinicians think about it as a preferable choice to treat pain at the bedside. It 
allows patients to apply analgesic medications directly to the greatest site of pain. It 

Essential Concepts
• Transcutaneous drug delivery for bedside analgesia presents many unique 

features including the application of analgesic medications directly to the 
greatest site of pain.

• Transcutaneous drug delivery minimizes undesirable effects from admin-
istration via oral and systemic routes.

• Transcutaneous during delivery could be especially helpful in elderly, or 
debilitated patients who are typically sensitive to medication-related 
adverse effects.

• Transcutaneous drug delivery options include creams, patches, phonopho-
resis, iontophoresis, transcutaneous patient-controlled analgesia, and others.
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minimizes undesirable effects from administration via oral and systemic routes. It 
can deliver more of the medication to the target site by eliminating the first-pass 
metabolism associated with several oral medications. It may be preferable in some 
cases, especially in elderly patients who are commonly sensitive to medications- 
related adverse effects. It may be helpful for patients with a low tolerance for pills. 
Important to differentiate between topical therapies in which patients apply medica-
tion to the most painful area locally for pain relief at the application site and trans-
dermal therapies in which patients apply transcutaneous medication for absorption 
and systemic treatment of pain symptoms.

Because skin presents a formidable barrier, topical pain creams often contain 
enhancers, or chemicals, such as DMSO (dimethyl sulfoxide), contained in a topical 
product, Pennsaid. DMSO is designed to help move a drug from the surface through 
the skin (epidermis and dermis) to regional areas below with the goal of reaching a 
muscle group or joint for treating pain. Drug absorption into and through the skin 
into painful areas depends on the physical and chemical characteristics of the drug. 
The most important is the size of the drug. Some novel technologies allow for maxi-
mized transcutaneous absorption, such as heat and/or covering with a barrier such 
as saran wrap.

2  Topical Creams

The use of both prescription and over-the-counter topical creams has been a longstand-
ing popular analgesic option. Classes of available drugs for topical creams are NSAIDs, 
lidocaine, capsaicin, clonidine, and opioids. Diclofenac is the only topical NSAID 
commercially available in the US. While the FDA requires box warnings for topical 
NSAIDs of adverse cardiovascular and GI effects, this is controversial due to its limited 
systemic availability [1]. Phase III studies of topical clonidine gel for diabetic neuropa-
thy were discontinued in the US in 2016 due to inefficacy [2]. In case reports topical 
opioids are effective in the palliative treatment of painful skin ulcers. However, they are 
compounded medications, which are not covered by many third-party payers [1].

In recent reviews there was moderate- and high-quality evidence to support a 
number of topical creams based on efficacy compared to placebo for specific pain 
indications. Selected preparations of diclofenac and ketoprofen received favorable 
reviews in both acute musculoskeletal pain such as sprains or strains, and chronic 
musculoskeletal pain such as osteoarthritis of the hands and knees. In postherpetic 
neuralgia capsaicin had moderate-quality evidence to support some limited effec-
tiveness. Different formulations of the same topical analgesic at similar concentra-
tions produce a wide range of efficacies. In topical diclofenac, NNTs range from 1.8 
to 8 depending on the formulation used. In general, gels are superior to creams for 
treating acute pain. Moreover, the efficacy of analgesics consists of more factors 
than rubbing into the skin. Although the perceived efficacy does tend to support that 
rubbing is beneficial, there is low objective evidence to support this. In double blind 
studies the study method de-confounds rubbing from the objective assessment of 
drug efficacy, including a rubbed placebo that contains no active ingredient. 
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However this may not entirely remove rubbing from the analgesic experience and it 
may potentially explain the relatively high placebo response rates of 20–57% [3].

3  Patches

Patches are designed with permeation enhancers to facilitate drug delivery. 
Concentration-dependent reservoirs and multi-layer patches contain a membrane to 
control drug release from a single reservoir or from multiple layers within the patch 
[4]. A typical single-layer drug-in-adhesive patch is shown in Fig. 1.

NSAID patches provide pain relief at 3 h after application, with plasma levels 
detectable 4.5 h after application removal. This creates a skin depot with a reservoir 
effect that extends the half-life of elimination after patch removal compared to oral 
NSAIDs. Limited systemic absorption makes adverse systemic effects such as GI 
bleeding and ulcers very rare with topical administration. The most common adverse 
effects are application site redness, itching, rash, and rarely allergic dermatitis [4].

Lidocaine 5% patch (Lidoderm) is approved by the FDA for post-herpetic neu-
ralgia. When used properly systemic absorption is 3 ± 2% of the applied dose, while 
at least 95% of the drug stays in the patch. The average maximum plasma concen-
tration is roughly 10% of the concentration needed to treat cardiac arrhythmias [4]. 
Limit application to three or less patches to avoid this adverse effect.

Fig. 1 Model of placement of topical lidocaine patch
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Transdermal fentanyl is indicated for palliative treatment of malignant and non- 
cancer pain. Patches designed for a safe rate of absorption reach maximum plasma 
concentration at 12–24 h and maintain it over a 72-h application. Heat and increased 
body temperature can increase rate of delivery. The initial slow increase in plasma 
concentrations, due to forming a depot before entering the systemic circulation, 
delays the onset of analgesia until 24 h after application and requires supplementa-
tion for initial relief. However, the depot creates a reservoir effect on elimination 
half-life after patch removal. Fentanyl is reserved for opioid-tolerant patients due to 
the risk of respiratory depression in opioid-naïve patients. There are multiple case 
reports of unintentional overdose due to accidental exposure, errors in dosing, and 
heat sources that highlight the narrow therapeutic and toxic window [4].

4  Phonophoresis

Phonophoresis utilizes low-frequency pulsations of ultrasound to increase skin bar-
rier permeability in order to facilitate faster drug absorption. A typical phonophore-
sis machine and an illustration of its use are shown in Fig. 2a, b.

The topical drug and its carrying agent should both transmit ultrasound to maxi-
mize clinical efficacy. In general, drugs suspended in aqueous gels are more suitable 
conduits for the transmission of ultrasound energy while cream-based preparations 
(including many often-used topical analgesic creams) are less effective vehicles for 
this technology, particularly at 1  MHz frequency. Agents that reduce ultrasound 
transmission during phonophoresis may produce poor therapeutic results [5, 6]. 
Additional measures to increase efficacy include skin pretreatment, patient posi-
tioning to maximize blood flow for systemic uptake, post-treatment occlusive dress-
ings to seal the area and prevent moisture from escaping, and an intensity of 1.5 W/
cm2 that utilizes both thermal and non-thermal properties. Low-intensity ultrasound 
(0.5 W/cm2) is used for open wounds and acute injuries [5].

a b

Fig. 2 (a) Example of a typical phonophoresis machine and ultrasound transducer. (b) Example 
of phonophoresis technology in use
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Phonophoresis significantly accelerates the rate of drug delivery when 
applied using an occlusive dressing. Saliba et al. [7] found that phonophoresis 
led to a significantly elevated transdermal absorption rate and total plasma con-
centration of dexamethasone applied using an occlusive dressing when com-
pared with sham ultrasound which produced only trace plasma concentrations. 
The researchers noted a phonophoretic effect when the delivered drug saturates 
the skin.

The procedure is generally well tolerated. There is a minor risk of burns from 
ultrasound that can be prevented by proper setup and use of the equipment. There 
are no known contraindications apart from allergic drug reactions.

5  Iontophoresis

Iontophoresis utilizes electrical pulsations to create aqueous pores in the skin and 
increase drug molecule energy, leading to faster absorption. The iontophoresis patch 
is prepared with cationic drugs in the positive anode port of the patch and anionic 
drugs in the negative cathode port of the patch, both together with a saline solution. 
This aqueous environment facilitates the movement of drug ions from one port to 
the other within the skin. Active drug transport expedites the onset of action, accel-
erates the creation of skin depots, and helps promote reaching blood vessels for 
earlier systemic absorption [8].

Iontophoresis significantly increases the effectiveness of delivery of lidocaine 
and epinephrine for local analgesia. Additionally, NSAIDs can be used in the TMJ 
for RA, joint injuries and dislocations, masticatory dysfunction, bruxism, inflam-
matory conditions, neuralgias, lockjaw, tooth hyperalgesia, and postoperative 
pain. Topical NSAIDs are well tolerated in patients with GI disease and dysfunc-
tion [9].

The main adverse effects are skin tingling during therapy and transient local 
erythema of the skin. There is also a risk of burn due to improper use of the equip-
ment and improper choice of the electrodes or formulation composition. Bare metal 
and carbon-based electrodes use hydrolysis of water to generate H+ and OH− at the 
positively charged anode and negatively charged cathode, respectively, and any 
alteration in pH outside the skin’s normal buffering capacity is likely to cause burns. 
OH− production is more likely to cause serious burns than H+ production as the 
alkaline phase erodes the skin and reduces skin resistance, making burns and skin 
erosion worse. The risk of burns can be prevented by correctly preparing and setting 
up the equipment to avoid pressure on the electrodes and prevent either skin-to- 
metal contact or uneven charge concentration over the skin, avoiding skin defects 
that have inherently lower skin resistance, and using a current intensity less than 
0.5 mA/cm2. Additionally, Ag-AgCl is a more electrochemically compatible elec-
trode buffer with a lower risk of skin irritation as it works at a lower potential and 
without using hydrolysis of water [8].

Select contraindications to iontophoresis apart from allergic drug reactions are 
superficial and deep sensory disorders, pregnancy, and lactation [9].
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6  Patient-Controlled Transcutaneous Fentanyl

The fentanyl iontophoretic transdermal system (ITS) is the only transdermal opioid 
given for acute pain. It is approved in US and Europe for inpatient treatment of 
acute and moderate-to-severe postoperative pain in the hospital setting. The system 
consists of a small patch placed on the upper outer arm or chest. Pressing the on- 
demand button twice within 3  s activates the patch to deliver a pre-programmed 
dose of 40 μg of transdermal fentanyl over a period of 10 min. The system can 
deliver a maximum of six doses every hour without exception, and it can also be 
interrogated for the number of doses that have been given. A system lasts for 24 h 
or 80 doses, whichever comes first, and is discarded [4]. Patients can receive a maxi-
mum of 72 h of treatment on fentanyl ITS [10]. Trade name Ionsys, is available 
through a restricted program called the Ionsys REMS Program. Healthcare facilities 
that dispense Ionsys must be certified in this program and comply with the REMS 
requirements.

Active fentanyl delivery greatly reduces average time to peak plasma concentra-
tion compared to fentanyl patch (see discussion on fentanyl patches above), as low 
as 39  min in one study of the system. After fentanyl PCA is discontinued, the 
plasma elimination half-life is similar to that following IV administration, which 
suggests that there is no creation of a skin depot with this route of administra-
tion [4].

In randomized controlled trials fentanyl ITS was superior to placebo for 
moderate- to-severe postoperative pain [4, 10, 11]. In active-comparator trials it pro-
vides equivalent analgesia to the standard IV PCA morphine [4, 10, 11]. It helps 
facilitate postoperative recovery and de-escalation to standard enteral pain regimens 
when used within a multimodal analgesia plan that includes titration to comfort 
level before ITS initiation and closely monitored breakthrough medication as 
needed. In case studies the system provides sufficient analgesia for most patients 
without requiring breakthrough supplementation, and it is easy and safe to use in 
appropriate patients within trained medical staff environments [10]. The most fre-
quent adverse effects are opioid-related nausea, vomiting, and pruritus. There are no 
reported incidences of respiratory depression to date. Application site reactions 
occurred in 13% of patients [4].

7  Conclusion

Topical analgesics are an appealing option for providing targeted, effective analge-
sia with reduced adverse effects and drug–drug interactions compared to systemic 
therapies and lower overall pill requirements. Potential disadvantages can be the 
requirement for repeated applications during the day, absorption variability depend-
ing on skin integrity, and the unavailability of commercial formulations in some 
cases [1]. Research continues to focus on expanding the applications of emerging 
technologies for active transcutaneous drug delivery in both topical and transdermal 
therapy.
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Kinesio Taping for Bedside Pain 
Management

Matthew B. Noble, Stephanie K. Noble, Stephen R. Shively, 
and Steven B. Jackson

Essential Concepts
• Billions of dollars are spent each year on pharmacologic pain management 

and disability compensation. Kinesio Tape is a safe, effective, and afford-
able alternative.

• Kinesio Tape affects five major physiologic systems: skin, fascia, circula-
tory/lymphatic systems, muscle, and joint.

• Kinesio Tape is appropriate for any stage of healing, is used to prevent re- 
injury, and returns the body to homeostasis.

• Evidence suggests that Kinesio Taping provides benefits for a maximum 
of 3 days.

• Kinesio Tape is a treatment modality that is to be used in conjunction with 
other treatment methods, such as physical therapy, and is not meant to be a 
stand-alone treatment. When used as an adjunct therapy, it has been shown 
to improve functional scores, disability scores, and pain.
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1  Overview

The pharmaceutical industry makes approximately $16.4 billion annually on pain 
medications while the reported disability compensation secondary to conditions 
related to pain is estimated to be $18.9 billion [1]. This is a prime example of the 
importance of finding non-operative and non-opioid pain relief treatment plans for 
our society. With a growing opioid crisis in this country, it is important now, more 
than ever, to find effective treatments for pain control. Kinesio Taping, as a theory, 
was first introduced in the late 1970s by Dr. Kenzo Kase [2, 3]. It first gained inter-
national attention during the 1988 Olympics. In recent years, its growing popularity 
can be seen at any given nationally televised professional sporting event. Kinesio 
Tape works by cueing the cutaneous mechanoreceptors on the skin to give the 
underlying muscle or joint proprioceptive feedback as to how it should be correctly 
aligned. Kinesio Tape provides a positional hold and inhibits pathological move-
ment. The authors believe that taping provides biomechanical feedback when the 
physiologic barrier of a joint is reached in order to inhibit overstretching or overuse 
of a joint or muscle. It is the authors’ opinion, which is heavily supported by 
research, that Kinesio Taping should be used in conjunction with other pain man-
agement techniques. The purpose of this chapter is to introduce Kinesio Taping as 
an effective, affordable, and safe pain relief option [4, 5].

2  Historical Aspects

In the late 1970s, the Kinesio Taping Method was founded by Dr. Kenzo Kase, 
Doctor of Chiropractic, who was looking for ways to prolong the effects of his 
hands-on treatments between clinic visits. He then developed Kinesio Tex Tape, 
which was a combination of cotton and acrylic, similar thickness and weight to skin, 
latex free, and a 100% medical grade adhesive, which is heat activated. Kinesio Tex 
Tape itself and Dr. Kase’s techniques differ from traditional athletic tape as it 
addresses more than joint stabilization. Traditional athletic tape is rigid, requires 
pre-wrap to avoid skin irritation, is meant for acute injuries or as a preventative 
measure, and is recommended for short-term use only. As described in this chapter, 
the Kinesio Taping Method, in conjunction with the properties found in the Kinesio 
Tex Tape, affects five major physiologic systems and has lasting effects of up to 
5 days [2, 5, 6].
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3  Theories

• Kinesio Tape cues the cutaneous mechanoreceptors on the skin to give a joint 
proprioceptive feedback as to how it should be correctly aligned [3]. Kinesio 
Tape provides a positional hold and inhibits pathological movement [5].

• Applying Kinesio Tape from the muscle insertion (anchor) to the muscle origin 
causes a concentric pull eliciting muscle activation. Applying Kinesio Tape from 
the muscle origin (anchor) to the muscle insertion causes an eccentric pull elicit-
ing muscle relaxation [3].
 – Kinesio Tape will recoil towards the anchor point [5].

• Creating skin convolutions under the Kinesio Tape lifts the skin allowing inter-
stitial fluid to move more freely, reducing inflammation and swelling, reducing 
interstitial pressure, creating channels in which lymph can flow, and drawing 
blood flow to the area [3].

4  Application of Tape

In this section, three Kinesio Taping techniques are outlined.

 Definitions

Anchor: Starting point of the tape.
Tail: End point of the tape.
I strip: Single strip of tape with rounded edges.
Paper-off tension: 10% stretch (Figs. 1, 2 and 3).
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Fig. 1 This figure demonstrates the creation of Kinesio Tape convolutions on lumbar paraspinals 
to lift the skin to promote free movement of interstitial fluid, reduce interstitial inflammation and/
or pressure, allow lymph flow, and draw blood to the area. One or two I strips can be used, pending 
where the patient is experiencing pain or restriction. In order to apply, the I strip is anchored in the 
sacroiliac joint region. The patient flexes forward and paper off tension is applied along the I strip. 
No tension should be applied to the anchor or the tail of the I strip
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Fig. 2 This figure demonstrates a mechanical correction technique for shoulder instability. In 
order to apply, two I strips are used. In this figure, the tan tape is anchored to the lateral aspect of 
the right pectoralis muscle. An inward/downward pressure is applied by the provider’s hand as the 
tape is applied at a 50–75% stretch. The blue tape is anchored in the middle, over the acromion or 
the humeral head, with a 50–75% stretch. An inward/downward pressure is applied as the tape is 
applied. No tension should be applied to the anchors or the tails of the I strips
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Fig. 3 Demonstrates a mechanical correction technique of the knee to address patellofemoral 
pain. In order to apply, an I strip is anchored in the middle, lateral to the patella, at a 50–75% 
stretch. A downward/inward pressure is applied as the patient actively flexes the knee. No tension 
should be applied to the anchor or the tail of the I strip

5  Research

Kinesio Taping, in combination with structured physical therapy, has been shown in 
multiple studies to improve disability scores, satisfaction scores, and to provide pain 
relief in various regions of the body [7, 8]. For example, chronic low back pain 
affects an overwhelming portion of the population without significant and reliable 
treatment options [9]. In a 2016 systematic review, Nelson evaluated the effective-
ness of Kinesio Taping in patients with chronic low back pain [10]. As an isolated 
treatment modality, taping had no significant effects on patient symptoms. When 
used as an adjunctive therapy to traditional physical therapy and exercise, authors 
reported improved pain and disability scores. As an adjunct to traditional methods, 

M. B. Noble et al.



165

Kinesio Taping for chronic low back pain may have improved results and reduction 
of symptoms. In 2018, Li et al. reviewed a series of studies evaluating the use of 
Kinesio Tape for chronic low back pain. In their evaluation, they noted that there 
was no statistically significant difference in pain or disability with taping alone or in 
conjunction with physical therapy, although both trended towards improvement. 
There was a statistically significant difference between Kinesio Taping alone and 
sham taping alone. This finding suggests there is certainly some symptomatic ben-
efit to Kinesio Taping in the setting of low back pain. Given its low cost, ease of 
application, and low risk profile, it should be considered as an adjunctive measure 
in patients with chronic low back pain [7].

In comparison to chronic low back pain, there are few studies evaluating Kinesio 
Taping in the acute low back pain setting. Kelle et al., in 2015, evaluated 109 patients 
with acute, nonspecific low back pain with either Kinesio Taping or education [4]. 
Both groups were also given as needed use of paracetamol. Patients were evaluated 
after 12 days and then again after 4 weeks for pain, disability and paracetamol use. 
Patients in the Kinesio Taping group reached adequate pain control at day 6 com-
pared to day 12 on average, and consumed less medication. At 4 weeks patients in 
the Kinesio Taping group showed statistically significant improvements in pain 
scores. Disability scores were no different at 12 weeks. This study strongly suggests 
that Kinesio Taping may be beneficial in the patient with acute, nonspecific low 
back pain.[4].

Kinesio Taping methods have also been used effectively in relation to shoulder 
pain. In 2008, Thelen et al. evaluated the effectiveness of Kinesio Taping on patients 
with shoulder impingement or rotator cuff tendonitis [11]. In their evaluation, they 
identified pain scores both while the Kinesio Tape was applied as well as each day 
following its removal. They found a reduction in pain scores after Kinesio Tape 
removal until day 3 after removal at which time pain scores returned to baseline. As 
an adjunct, this evaluation supports Kinesio Tape wear as a short-term therapy, and 
may provide relief up to day 3 after tape removal in patients with chronic pain from 
shoulder impingement [10]. Kinesio Taping has also been shown to have beneficial 
effects in treating shoulder impingement syndrome that are similar to the effects of 
conventional physical therapy. Kul et al., in 2019, compared conventional physical 
therapy techniques for shoulder impingement syndrome to Kinesio Taping alone. At 
1 month follow up, both Kinesio Taping and physical therapy showed statistically 
significant improvement with the exception of night pain. Kinesio Taping was infe-
rior to physical therapy when it comes to controlling nocturnal symptoms. This 
study did not evaluate the two treatment modalities in combination however. This 
study does not specifically support Kinesio Taping in isolation for subacromial 
impingement syndrome, however the data support its use as an adjunctive measure 
to conventional physical therapy techniques [6].

Kinesio Taping has been evaluated as a treatment modality for patellofemoral 
pain syndrome. In 2017, Logan et al. reviewed 5 randomized control trials using 
Kinesio Tape for patellofemoral pain. All studies evaluated in this review found 
statistically significant improvement in pain scores compared to both sham taping 
and taping alone without formal physical therapy. Once again, this review supports 
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the use of Kinesio Tape as an adjunctive measure to formal therapy techniques for 
the treatment of patella femoral pain syndrome [8]. In the authors’ experiences, as 
seen intra-operatively, a laterally tracking patella can be caused by adhesions 
between subcutaneous tissues and deeper fascial planes. One method is to surgically 
release these adhesions to correct the line of pull of the patella. It is the author’s 
belief that the Kinesio Tape correction technique used for a laterally tracking patella 
may provide a stretch on the adhesions, altering the adhesion tissue properties, in 
order to redirect the pull on the patella.

6  Concerns/Drawbacks

Contraindications
• Fragile skin
• Tape allergies
• Sunburn
• Infection
• Irritated skin
• Open wound
• Poor circulation
• Arterial insufficiency
• Venous insufficiency

Precautions
• Malignancies
• Congestive heart failure
• Lymphedema

Side effects
• Rash
• Pruritus
• Ecchymosis

7  Conclusion

Kinesio Taping, in conjunction with structured physical therapy, is an effective non- 
operative method for pain relief. It is the authors’ belief that taping provides biome-
chanical feedback when the physiologic barrier of a joint is reached in order to 
inhibit overstretching or overuse of a joint or muscle. It is suggested that taping in 
the presence of instability, secondary to a patulous joint capsule, allows for the clo-
sure of anatomic dead space leading to increased stability. Kinesio Taping, in 
instances like anterior knee pain, can change the mechanical pull and the vector of 
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force on the tendinous attachment. It is the authors’ opinion, which is heavily sup-
ported by research, that Kinesio Taping should be used in conjunction with other 
pain management techniques. In a world of growing medical costs and societal bur-
den, Kinesio Taping is an effective, affordable, and safe pain relief option for the 
correct patient.
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Special Considerations for Bedside Pain 
Management Interventions for Elderly

Jung Hoon Kim, Christopher Alexander, 
and Katherine Dawn Travnicek

1  Overview

With the advances in society and medicine, the population of Americans aged 65 
and older continues to increase. However, while patients are now living longer than 
ever before, the prevalence of chronic pain in the elderly has been suggested to be 
as high as 80% [1]. Chronic pain not only interferes with normal functioning for the 
elderly, but can lead to depression, social isolation, immobility, and sleep distur-
bances [2]. Compounding this issue are studies that suggest elderly patients under 
report pain due to misconceptions that it is a normal part of aging or out of fear of 
addiction [3]. Understandably, they are concerned about the significant side effects 

Essential Concepts
• Multi-modal and interdisciplinary pain management is recommended
• For patients with deficiencies in communication, cognitive decline or 

dementia, normal methods of elucidating pain are often not adequate
• Sedation and adverse effects are more common in elderly patients
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given the change in their physiology and sensitivity to medications [4]. These 
aspects pose challenges to effective pain management in the elderly which further 
deteriorates their quality of life.

2  Historical Aspects and Recent Developments

Effective pain management in the elderly requires a holistic, multimodal, multi- 
disciplinary approach. Treatment prescriptions must correctly identify the source of 
pain and the severity of its impact, understand the physiological changes of the 
elderly, and reduce side effects of medications. Moreover, given the age-related 
changes to pain perception and medication metabolism, incorporation of both phar-
macologic and non-pharmacologic approaches should be utilized to optimize pain 
management for this population.

With normal aging, various changes occur in our organ systems which alter the 
pharmacokinetics and pharmacodynamics of medications [5]. These changes 
include reductions in renal and hepatic metabolism and clearance which results in 
increased sensitivity to several drug classes. Of particular importance is the 
decreased ventilatory responses to hypoxia and hypercapnia which places the 
elderly at risk for respiratory failure when exposed to opioid medications.

Accurate assessment of pain in the elderly must correctly identify the source of 
the pain, the type of pain the patient is experiencing, and also take into consideration 
the functional limitations brought on by pain. To that end, each patient’s unique 
symptoms and its impact must be elucidated through thorough questioning. 
Examples may include: Describe to me the type of pain you’re experiencing and the 
impact it has on your life? Do you have pain you experience at baseline? What have 
you found to be the most helpful solution to your pain? Do you have any reserva-
tions about taking medications? What kind of worries do you have about this pain 
and why? Further functional assessment should include assessment of activities of 
daily living.

For patients with deficiencies in communication (difficulty hearing, speech 
impediment, etc.) or those with cognitive decline or dementia, normal methods of 
elucidating pain are often not adequate. Their inability to effectively communicate 
pain frequently leads to under treatment [4]. Moreover, cognitive decline may also 
alter pain perception and pharmacodynamics, which results in increased pain with 
decreased effectiveness of pain medications [6]. To combat these challenges, pro-
viders must use three ways to systematically measure the presence of pain: direct 
questioning, behavioral observation, and caregiver reports [1]. The American 
Geriatrics Society has published guidelines on observing common behaviors that 
correlate with pain: facial expressions, verbalizations, body movements, changes in 
interpersonal interactions, changes in activity patterns or routines, and mental status 
changes [7]. Behavioral observations should occur during times of activity as pain 
may be absent at rest.

Upon accurate assessment, correct diagnosis, and correct classification of the 
pain (i.e. neuropathic pain versus nociceptive pain versus mixed pain syndrome), 
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interdisciplinary and multimodal pain regimen should be devised. Speaking with 
the patient to highlight the importance of restoring function over sole reduction in 
pain score should be emphasized.

3  Non Pharmacologic Interventions

Decreased physiologic reserve, polypharmacy, and altered drug metabolism can 
make the utilization of pharmacologic agents for pain management in the elderly 
quite challenging. It is therefore imperative that a multimodal approach including 
non-pharmacologic modalities be incorporated into the treatment plan. This is espe-
cially true in the hospital setting, where elderly patients are particularly susceptible 
to developing delirium which can precipitate injury/falls.

Pain management should focus on restoration of function and improvement of 
quality of life, rather than on the complete abolition of pain. Acute inactivity due to 
illness and hospitalization can lead to significant loss of strength, mobility, and abil-
ity to perform activities of daily living. Immobilized elderly patients demonstrate an 
accelerated loss of muscle mass and functional capacity in comparison to younger 
populations [8]. In order to combat this, patients should participate in physical and 
occupational therapies to preserve functionality unless medically contraindicated. 
This can include gait training, compensatory techniques for functional deficits, and 
activity modifications for pain-invoking tasks.

While physical therapy and exercise aid in facilitating functional restoration, the 
concurrent use of therapeutic physical modalities can also attenuate pain. Modalities 
involve application of some form of cold, heat, light, electromagnetic, acoustic 
energy, electrical stimulation, and desensitization techniques. Additionally, patients 
may also be candidates for bedside interventional procedures. Commonly per-
formed bedside procedures include landmark or ultrasound-guided dry needling, 
trigger point injections, peripheral nerve blocks. There is a role for various joint 
injections and axial procedures.

Depending on the interventional procedure, there may be important risks to con-
sider. Many elderly patients have multiple comorbid conditions which frequently 
necessitate the use of anticoagulants or other sedating medications. As such, it is 
imperative to consider the risks of discontinuing these medications prior to recom-
mending a procedure as well as proper informed consent concerns. Likewise, with 
the aforementioned physiological changes, patients may have an exaggerated 
response to sedation which may be required for the procedures. Careful titration of 
medications is necessary in these situations.

Pain is a subjective experience, and perception of pain can vary significantly 
across different cultures and belief systems. Moreover, research suggests signifi-
cant association between psychological distress and the manifestation of physi-
cal pain [9]. Because of this, psychological, spiritual, and religious support 
services may be warranted as part of the treatment plan. Discussing this with 
patients is paramount to understanding what other services to involve, such as a 
chaplain.

Special Considerations for Bedside Pain Management Interventions for Elderly



174

4  Pharmacologic Interventions

Pharmacologic treatments can be divided into opioids versus non-opioids. As afore-
mentioned, the physiologic changes of the elderly make them more susceptible to 
the adverse effects of opioids and other sedating medications. Adverse effects 
include the following: respiratory depression, addiction/dependence, nausea, con-
stipation, sedation, urinary retention, and dizziness. In particular, opioid naive 
elderly patients have a heightened risk of respiratory depression, so careful patient 
selection and vigilant monitoring for side effects are imperative [10]. Prior to initia-
tion of opioids, a trial of non-opioid medications and alternative therapies should be 
completed. The following opioids have special considerations in the elderly. 
Transdermal fentanyl should not be utilized in opioid naive patients as high drug 
concentrations within the patch can cause severe respiratory depression [11]. 
Morphine, codeine, and meperidine should be avoided in patients with renal dys-
function/failure as toxic metabolites can accumulate. Methadone, fentanyl, and suf-
entanil appear to be safe to use in patients with renal failure [12]. However, 
methadone has an unpredictable half-life and should be prescribed by providers 
with extensive experience and understanding of its pharmacokinetics. Oxymorphone, 
hydromorphone, and hydrocodone should be utilized with caution in hepatic and 
renal insufficiency [12].

Generally speaking, non-opioid medications are preferred to opioids for non- 
cancer pain due to side effects in older patients. The two most commonly used non- 
opioid medication for pain include NSAIDs and acetaminophen. Acetaminophen 
should be considered as a first line therapy in the treatment of persistent pain, par-
ticularly for nociceptive pain. It has a reasonable safety profile and can be very 
effective. The maximum daily dose of 4 g per 24 h should not be exceeded, but more 
often patients should be cautious about taking more than 3 g per 24 h [13]. The 
absolute contraindication to acetaminophen is liver failure. Lastly, acetaminophen 
is commonly found as a combination component of many medications, as such, all 
sources of acetaminophen should be taken into account.

NSAIDs are useful medications for nociceptive type pain. However, prolonged 
use of NSAIDs (for nociceptive pain) is not recommended in the elderly with 
chronic pain because of the increased risk of adverse events in this population. 
NSAIDs have been shown to adversely affect gastrointestinal, renal, and cardiac 
systems. As such, absolute contraindications to NSAIDs include heart failure, 
chronic kidney disease, and active peptic ulcer disease [14]. If NSAIDs are pre-
scribed for older patients, using the lowest most effective dose and a defined, short 
course to mitigate the potential side effects is recommended [15].

For neuropathic pain, common medications used include anticonvulsants and 
antidepressants. Common side effects of anticonvulsants (i.e. gabapentin, pregaba-
lin) include dizziness, weight gain, and somnolence. No dose adjustments for gaba-
pentin and pregabalin are required in hepatic dysfunction, but doses need to be 
adjusted for renal dysfunction [16]. Tricyclic antidepressants (TCAs) are highly 
anticholinergic, which causes side effects of sedation, cognitive dysfunction, ortho-
static hypotension, and urinary retention. Of the TCAs, amitriptyline causes the 

J. H. Kim et al.



175

most anticholinergic effects, while nortriptyline and desipramine causes the least. 
Duloxetine is a serotonin, norepinephrine reuptake inhibitor which has also shown 
efficacy for neuropathic pain.

5  Additional Concerns

There are three main concerns regarding this patient population—evidence-based 
recommendations for pain treatments, the perceptions and biases surrounding 
chronic pain and its management, pain management education, and insurance cov-
erage. Robust scientific evidence to guide one in managing pain in geriatric patients 
is limited. Due to stringent selection criteria in random controlled trials, complex 
elderly patients with multiple co-morbidities are frequently either excluded or inad-
equately represented. Second, pain is an under recognized and sub optimally treated 
symptom in the elderly as it seems to be underreported by the elderly and some 
health care providers fear geriatric patients will have adverse effects from therapies 
available to them. For pain management to be effective in the elderly, physicians 
and allied health care providers should be skilled in assessing pain, knowledgeable 
of the types of pain, and recognize the importance of a holistic, interdisciplinary 
team approach to pain management. Finally, insurance companies provide barriers 
to medical care for pharmacological and interventional therapies.

6  Conclusion and Future Directions

The elderly present with many challenges for pain practitioners, including comor-
bid medical conditions, polypharmacy, and declining physical and mental function. 
Current treatments or pain management therapies are largely based on the modula-
tion of pain and with many new technologies entering the market (vibration with 
cold bracing, peripheral nerve stimulation, etc).

References

1. Andrade DC, Faria JW, Caramelli P, et al. The assessment and management of pain in the 
demented and non-demented elderly patient. Arq Neuropsiquiatr. 2011;69:387.

2. Denny DL, Guido GW. Under treatment of pain in older adults: an application of beneficence. 
Nurs Ethics. 2012;19(6):800–9.

3. Culberson JW, Ziska M. Prescription drug misuse/abuse in the elderly. Geriatrics. 2008;63:22.
4. Griffioen C, Willems EG, Husebo BS, Achterberg WP. Prevalence of the use of opioids for 

treatment of pain in persons with a cognitive impairment compared with cognitively intact 
persons: a systematic review. Curr Alzheimer Res. 2017;14:512.

5. Braddom RL. Physical medicine and rehabilitation. 3rd ed. Philadelphia: Saunders Elsevier; 
2007. p. 1415–28.

6. Benedetti F, Arduino C, Costa S, et al. Loss of expectation-related mechanisms in Alzheimer’s 
disease makes analgesic therapies less effective. Pain. 2006;121:133.

7. AGS Panel on Persistent Pain in Older Persons. The management of persistent pain in older 
persons. J Am Geriatr Soc. 2002;50:S205.

Special Considerations for Bedside Pain Management Interventions for Elderly



176

8. English KL, Paddon-Jones D.  Protecting muscle mass and function in older adults dur-
ing bed rest. Curr Opin Clin Nutr Metab Care. 2010;13(1):34–9. https://doi.org/10.1097/
MCO.0b013e328333aa66.

9. Riva P, Wirth JH, Williams KD. The consequences of pain: the social and physical pain over-
lap on psychological responses. Eur J Soc Psychol. 2011;41:681–7. https://doi.org/10.1002/
ejsp.837.

10. Fine PG, Mahajan G, McPherson ML. Long-acting opioids and short-acting opioids: appropri-
ate use in chronic pain management. Pain Med. 2009;10(Suppl 2):S79–88.

11. Ortho-McNeil-Janssen Pharmaceuticals, Inc. Duragesic (transdermal fentanyl). Titusville: 
Ortho-McNeil-Janssen Pharmaceuticals; 2008.

12. Dean M.  Opioids in renal failure and dialysis patients. J Pain Symptom Manag. 
2004;28(5):497–504.

13. Kuehn BM. FDA focuses on drugs and liver damage: labeling and other changes for acet-
aminophen. JAMA. 2009;302:369.

14. American Geriatrics Society Panel on the Pharmacological Management of Persistent Pain in 
Older Persons. Pharmacological management of persistent pain in older persons. J Am Geriatr 
Soc. 2009;57(8):1331–46.

15. Scheiman JM, Hindley CE. Strategies to optimize treatment with NSAIDs in patients at risk 
for gastrointestinal and cardiovascular adverse events. Clin Ther. 2010;32:667.

16. Israni RK, Kasbekar N, Haynes K, Berns JS. Use of antiepileptic drugs in patients with kidney 
disease. Semin Dial. 2006;19(5):408–16.

Further Reading

Dagnino APA, Campos MM. Chronic pain in the elderly: mechanisms and perspectives. Front 
Hum Neurosci. 2022;3(16):736688. https://doi.org/10.3389/fnhum.2022.736688.

J. H. Kim et al.

https://doi.org/10.1097/MCO.0b013e328333aa66
https://doi.org/10.1097/MCO.0b013e328333aa66
https://doi.org/10.1002/ejsp.837
https://doi.org/10.1002/ejsp.837
https://doi.org/10.3389/fnhum.2022.736688


177

Special Considerations for Bedside Pain 
Management Interventions for Chronic 
Pain Patients

Abhishek Vaidya, Lahari Vudayagiri, Dmitri Souza, 
and Samer N. Narouze

1  Background

Chronic pain is an increasingly prevalent condition in the United States affecting up 
to 35% of the population [1]. Clinical evaluation, including a detailed history and 
physical exam, review of imaging studies, and verification of the underlying cause 
of chronic pain should always be prioritized. This is of particular importance in the 
perioperative period [2, 3]. Perioperative period is defined as the days immediately 
preceding, during, and post-operatively (up to 30 days) following surgical interven-
tion [4].

Patients undergoing surgical intervention with a history of chronic pain com-
monly have increased anesthesia requirements as well as an increased need for 
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intra- and postoperative analgesia. Currently, the general understanding is that this 
acute on chronic pain is potentiated by central sensitization, opioid tolerance, and 
commonly undiagnosed opioid-induced hyperalgesia [5, 6]. As a result, pain control 
becomes a challenge due to concerns for respiratory depression, oversedation, and 
overdose of analgesics and antianxiety medicines [7, 8]. Bedside procedures for the 
management of chronic pain have proven to be efficacious in this regard. In the 
perioperative period, these procedures may provide additional pain relief as well as 
social and economic benefits presented in Fig. 1. Interventional bedside procedures 
include local nerve blocks, regional nerve blocks as well as epidural or spinal 
anesthesia.

2  Common Bedside Procedures

Bedside pain management interventions include a variety of strategies. Diagnostic 
or therapeutic blockade with local anesthetic, steroids, or other agents is the most 
common strategy. Bedside analgesia can also be achieved by indirect injection of 
local anesthetic to the affected site prior to or after the surgery [8–10]. The same 
modality is also regularly employed intraoperatively at incision sites. Another 
modality is spinal or epidural anesthesia. Anesthetic can be injected directly into the 
subarachnoid or epidural space. Bedside interventions for patients with chronic pain 
can also include myofascial release, manipulations, pain psychology interventions, 
transcutaneous neuromodulation, and other techniques described in this book [11, 
12]. There are several reasons for bedside interventions be successful in chronic 
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pain patients, including decreased anesthetic requirements, opioid sparing, improved 
mobility, avoiding polypharmacy, especially in the elderly, and many others (Fig. 1). 
However, there are certain considerations specific for the chronic pain patient popu-
lation that needs to be taken into view prior to planning for bedside interventions 
[1, 13–16].

3  Special Considerations for Bedside Procedures 
in Chronic Pain Patients

Any procedural intervention requires consideration of the risk versus benefits of the 
procedure itself, and the best modality is one with the greatest benefit to the lowest 
risk to the patient. Risks of common bedside procedures include bleeding, infection, 
nerve injury, local anesthetic toxicity, and anaphylaxis. Hence, to minimize risk, the 
anatomy of the intervention site is carefully chosen, sterile procedures are enforced, 
and anesthetic dosing is carefully calculated [1]. Further considerations, specific for 
chronic pain patients, include the detailed history of the patient’s chronic pain con-
dition which may lead to deferral of some type of bedside procedures. Pre-existing 
neuropathy or nerve damage, any structural or functional damage, has to be docu-
mented prior to approaching any bedside interventional procedures [1, 17, 18].

Similar to the general inpatient population, contraindications are also an impor-
tant factor when approaching bedside interventions for chronic pain patients. Sites 
with active infection, not unusual in hospitalized patients, or open or nonhealing 
wounds should not be chosen for nerve blocks, as well as for regional or spinal 
anesthesia. Furthermore, spinal or epidural anesthesia has an increased risk of respi-
ratory depression if performed in the thoracic/cervical region as the phrenic nerve 
originates at a level of C3–C5. Due to invariable requests to increase the dose of 
opioids these types of procedures are to be carefully planned in terms of dosing and 
patient’s consent. Patient refusal sometimes is seen in the chronic pain patient popu-
lation and is also a contraindication to the bedside procedure. Patients with pain 
control devices such as stimulators or intrathecal pumps require special assessment, 
especially for regional and axial procedures. However, bedside interventions are not 
contraindicated in these patients [1, 19, 20].

4  Maximizing Outcomes

A multimodal approach to pain control, including bedside interventions, would 
typically help to maximize clinical outcomes [1]. During the perioperative period, it 
is crucial to managing the patient’s expectations. Chronic pain patients should be 
informed of tolerance to opiates and possible opioid-induced hyperalgesia. It is 
important to manage chronic pain patients’ anxiety during the perioperative period. 
Co-morbid conditions such as chronic kidney disease, diabetes, hypertension should 
also be optimized as these can inhibit the patient’s recovery by complicating the 
healing process secondary to electrolyte abnormalities or hyperglycemia which 
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inhibit wound healing [21, 22]. It is important to continue prescribing baseline anti-
psychotic and hypnotic medications chronic pain patients may use, unless contrain-
dicated. Nicotine patches can also be used to decrease cravings in the perioperative 
for patients with tobacco use disorder and are routinely recommended. Appropriate 
conversion of oral opiates/opioids to intravenous formulations must be utilized to 
provide adequate coverage for pain control. Bedside pain management interven-
tions can positively reflect on chronic pain patients’ satisfaction with care provided 
for them [23–25].

5  Summary and Future Directions

Bedside pain management interventions for chronic pain patients can be excep-
tionally beneficial [1]. Pain relief can be achieved without a significant increase in 
the dose of opiates/opioids [26–28]. Multimodal pain management, including bed-
side interventions, would likely help to improve chronic pain patients’ mobility, 
wound healing, and patient satisfaction. It is expected that the length of stay in the 
intensive care unit or hospital may be decreased as well. Furthermore, bedside pain 
management interventions may reflect on decreased risk of immediate intra- and 
postoperative adverse effects in chronic pain patients caused by anesthesia such as 
arrhythmia, altered mentation, nausea, and vomiting [29, 30]. The need for deep 
sedation and anesthesia requirements could be lessened as well. Consideration 
must always be used when performing any bedside interventional procedures for 
chronic pain patients, but the use of adequate sterile technique, careful evaluation 
of modality and site, ultrasound guidance, if indicated, and monitoring if indicated, 
can all decrease the risk of complications [1]. Bedside pain management interven-
tions for chronic pain patients becoming increasingly popular in the perioperative 
period due to the evident improvement in outcomes and should be considered when 
applicable.
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Special Considerations for Bedside Pain 
Management Interventions for Morbidly 
Obese Individuals

Nicole Sarkisian, Dmitri Souza, and Samer N. Narouze

1  Overview

Obesity, as defined by World Health Organization (WHO), is a body mass index 
(BMI) that is greater than 30.0. This is a growing entity with greater than 500,000 
million adults nationwide in this category and growing per year [1, 2]. Obese patients 
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• With increased body mass index, more pressure is exerted on joints, caus-

ing more instability. In addition, the adipose tissue itself contributes to the 
pro-inflammatory state, and therefore, to persistent pain.

• Special attention to planning, conducting, and following up after bedside 
pain management intervention for obese individuals is essential. That 
includes a selection of the procedure, special attention to the aseptic prac-
tice, choice of imaging modality versus landmark technique, monitoring 
the patient during and after the procedure.
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often suffer from a combination of type 2 diabetes mellitus, hypertension, dyslipid-
emia, also known, when combined, as the “metabolic syndrome.” These conditions 
as well as the metabolic syndrome are independent predictors of inpatient, and espe-
cially perioperative, morbidity and mortality [3]. There have been many studies that 
show that the association between chronic pain and obesity is not unexpected, and 
the two are very much linked [2]. With extra body mass, there is more pressure 
exerted on joints causing more instability. In addition, there is a body of evidence 
showing that with additional adipose tissue, the patient’s state of inflammation 
evolves as well. The connection between pain and obesity includes many factors. 
There are genetic, environmental, metabolic, biomechanical, cultural, social, and 
behavioral mechanisms [2]. All these factors and the pathophysiology behind them 
make a wide range of interventions available for pain control. This chapter will elab-
orate on the specifics of bedside interventions for obese individuals [4].

2  Specifics of Bedside Interventions for Morbidly 
Obese Individuals

Several pharmacological and interventional pain management strategies have 
proven beneficial in morbidly obese hospitalized patients [2, 5]. Some studies spe-
cifically investigate interventional procedures to help alleviate the pain in the beast 
and morbidly obese individuals [2, 4]. Many interventional approaches in the obese 
population can also be seen in the general population. Examples of traditional 
approaches include peripheral nerve blocks, joint injections, tendon sheath, liga-
ment injections, acupuncture, and invasive neuromodulation, including TENS and 
others. In this section, we will elaborate on available interventional modalities and 
the complications they can cause in the obese population [2, 6].

Epidural injections, despite recent criticism, remain one of the safest and highly 
effective techniques for treating acute radicular pain, which is common in morbidly 
obese patients. In the past, these procedures were commonly performed at the bed-
side, for example at the labor and delivery floor. However, with the wide availability 
of fluoroscopy, when possible, this procedure should not be routinely performed at 
the bedside, especially in morbidly obese individuals, except for the labor and deliv-
ery floor where axial procedures are still routinely performed at the bedside. It 
should be taken into consideration that the depth of the epidural space differs in 
obese patients compared with individuals with normal weight [2]. Other imaging 
techniques for bedside interventional procedures should be carefully chosen to 
ensure adequate imaging during the procedure because obesity creates challenges 
for seeing the target structure. This is especially important for ultrasound-guided 
procedures. For example, the success rate for lumbar facet injection was signifi-
cantly lower in obese patients compared with normal-weight patients when ultraso-
nography was used for needle guidance [2, 4]. Some pain blocks, such as of the 
sciatic nerve in the gluteal area, can be performed faster with modifications to 
access the targeted structure better in obese patients [2]. Incautious use of cortico-
steroids for joint, tendon sheath, and ligamentous injections can compromise the 
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safety of morbidly obese patients who commonly present with prediabetes or diabe-
tes mellitus, and a history of significant weight gain from earlier corticosteroid 
injections.

Other treatment technologies are being developed. Platelet-rich plasma (PRP) is 
a blood-derived autologous concentrate of platelets. It is known to contain high 
levels of autologous growth factors, such as platelet-derived growth factors, fibro-
blastic growth factors, vascular endothelial growth factors, and others. The PRP can 
stimulate tissue healing via control of connective tissue regeneration and angiogen-
esis. There are reports of benefits of regenerative medicine technologies, specifi-
cally PRP therapy, in the treatment of knee pain associated with osteoarthritis in 
obese patients [2].

Joint, tendon sheaves, periarticular, and ligament injections are procedures that 
can be performed at the bedside in morbidly obese individuals to decrease muscu-
loskeletal pain. Tendon sheaths injections also provide manipulation of that area to 
stimulate tissue changes through injury and regrowth. The concerns are very similar 
to epidural injections with imaging clarity and depth of injection. Other concerns in 
morbidly obese individuals include patient positioning during the bedside proce-
dures and also potential for increased post-procedural pain. There are other con-
cerns outlined in Fig. 1.

It is important to note that the inpatient care for morbidly obese individuals 
requires intensive collaboration of healthcare professionals including nurses, sup-
porting staff, physicians, dietitians, physical and occupational therapy, and, on some 
occasions, psychology. These healthcare professionals should work to benefit the 
patient. Also, staff members may need additional training to assist with care for 
complex morbidly obese patients.
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Fig. 1 Special considerations for bedside pain management interventions in morbidly obese 
individuals
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3  Conclusion

Obesity and chronic pain are very much related. Bedside pain management inter-
ventions should be adjusted to adhere to the specifics of the obese patients’ popula-
tion. With the help of well-trained inpatient supporting staff, physicians, and 
multifaceted care, we can strengthen and build upon the comprehensive care of pain 
in obese patients that includes bedside interventions.
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Special Considerations for Bedside Pain 
Management Interventions 
in the Emergency Department

Jessica E. Tullington, Grant Hubbard, and Rick Gemma

1  Overview

Pain is the most common complaint in the emergency room with 70–80% of 
patients reporting pain on presentation. Inadequate pain management in the emer-
gency room remains a worldwide problem [1]. Pain relief is often a patient’s first 
priority when seen by a healthcare provider. There has been some progress in the 

Essential Concepts
• Pain is the most common complaint in the emergency room and pain con-

trol is becoming a quality measure among emergency departments across 
the United States, and in other countries.

• Opiates and opioids, while still widely used, can cause a tolerance to the 
medication. These medications also have unpleasant and significant side 
effects, including respiratory depression, opioid-induced hyperalgesia, and 
addiction.

• Bedside nerve blocks, joint injections, and other interventional options for 
pain control are gaining popularity in the emergency department setting. 
They can be used in addition to other pain management modalities.

• Psychological interventions, acupuncture, and other complementary medi-
cine modalities can be also utilized in the emergency setting to alleviate 
pain, though with varying efficacy.
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treatment of pain: the timely administration of pain control has become a quality 
measure within emergency departments. Both the overuse of pharmacological 
agents and the inadequate treatment of pain remain significant problems in this 
setting. Achieving adequate pain relief for patients can be affected by multiple 
variables, related to both patient- and provider-specific factors. The inherent bias 
of healthcare providers can the decision to order pain medications, as well as the 
selection and timing of medications. Sources of potential bias include extreme 
ages, decreased cognitive function, language barriers, different belief systems, and 
a patient’s unwillingness to ask for pain relief [2]. This chapter discusses additional 
interventional methods of pain control in the emergency department. These inter-
ventions serve as useful adjuncts to standard pain control regimens for providers 
seeing patients in an emergency room setting. These include bedside nerve blocks, 
joint injections, psychological interventions, acupuncture, and other complemen-
tary medicine modalities.

2  Historical Aspects

Opiate and opioid prescriptions escalated throughout the 2000’s due to the chronic 
undertreatment of pain. The overprescription led to dependence, illegal prescription 
drug sales, and increase in overdose-related deaths. Opioid prescriptions have 
steadily decreased since 2011. However, the crisis is far from over, and has tran-
siently worsened due to the COVID-19 pandemic. In the midst of this opioid crisis, 
adjunctive pain management strategies are gaining popularity. The increasing use, 
familiarity, and expertise of bedside ultrasound by clinicians has only broadened the 
options available to patients in the emergency room.

3  Bedside Interventional Pain Procedures

 Peripheral Nerve Blocks

Peripheral nerve blocks work by inhibiting the perception of pain by the central 
cortex. The type of anesthetic, concentration, and volume used will affect the 
duration of action, onset, and potential side effects [3]. Nerve blocks also have 
a synergistic effect with opioids to increase their effectiveness. Lidocaine 
remains the most commonly used amide with a block duration of 80–90 min. 
Other options include mepivacaine (45–65 min), prilocaine (45–65 min), and 
articaine 90–120 min). Bupivacaine is the longest-acting anesthetic with a dura-
tion of 4–12 h for a block [3]. The most common nerve blocks are presented in 
Table 1.

Other nerve blocks, joint and periarticular injections are discussed elsewhere in 
this book.

J. E. Tullington et al.
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 Acupuncture

Acupuncture can be used as a complementary or alternative treatment to opiates for 
pain management [30]. Acupuncture is partially mediated by endogenous opiate 
release [31, 32]. Inhibition of pain pathways by acupuncture as been visualized 
using functional magnetic resonance imaging [31]. More than 400 acupuncture 
points have been identified; most are located along the main meridians, which trans-
port life energy according to Traditional Chinese Medicine [32]. There are 20 main 
meridians with 12 of these as “primary meridians” and correspond to internal 
organs [33].

The most common method of acupuncture involves penetrating the skin with 
thin, solid needles that are then stimulated either manually or electrically. 
Electroacupuncture involves attaching a battery-operated electronic device deliver-
ing energy through the needles. Electroacupuncture blocks pain by activating bio-
chemicals. A frequency of 2–15 Hz has been shown to inhibit inflammatory and 
neuropathic pain [33].

Auricular acupuncture involves stimulating different points on the ear. Jan et al. 
performed a meta-analysis of auricular acupuncture on pain in the emergency room. 
The studies included pain complaints of migraines, hip fractures, low back pain, 
sore throats, biliary colic, and mixed pain. Battlefield acupuncture (BFA), which 
involves placing small semi-permanent needles into various points of the ear, was 
used in most of the studies. The advantage of BFA is that the needles can stay in for 
a few days. There was no clinical significant difference in pain with auricular acu-
puncture alone, however it was beneficial when added as an adjunct to pain medica-
tion. It may also be beneficial when narcotics are contraindicated, high abuse 
potential, or have unwanted side effects [34].

Grissa et al. found acupuncture to be more effective and have less side effects 
than IV morphine when used for acute pain [35]. Reinstein et al. found a decrease 
in anxiety as well as pain when utilized in the emergency room [36]. Acupuncture 
was measured in both studies by assessing pain and anxiety scores before and after 
treatment. Researchers found acupuncture was widely accepted by both practitio-
ners as well as patients within the emergency room [37]. Arnold et al. completed a 
study that showed similar results in patients with acute, non-penetrating extremity 
injuries. Acupuncture did not increase emergency room length of stay [38].

 Hypnotherapy, and Other Psychological Interventions 
in the Emergency Department

Hypnotherapy, or hypnosis, is a trance-like state that involves highly focused con-
centration, decreased peripheral awareness, and heightened suggestibility. Hypnosis 
has been demonstrated to decrease pain and anxiety with procedures, especially 
when added to local anesthetic. Studies have shown that mindfulness decreases tha-
lamic amplification of pain signals via prefrontal cognitive control mechanisms [39].

Special Considerations for Bedside Pain Management Interventions in the Emergency…
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Garland et  al. studied whether a single session of hypnotic suggestion would 
decrease the intensity of acute pain in the hospital setting. The hypnotic suggestion 
consisted of a self-hypnosis session with a 15 min script instructing patients how to 
relax their body and ways to perceive pain as different sensations, such as coolness 
or warmth. There were 73 patients in the hypnosis group. They found patients 
reported a significant reduction in post-procedural pain. Patients also had decreased 
anxiety, unpleasant body sensations, and desire for opioids [40].

Other psychological and mind-body interventions can be a useful adjunct to pain 
management in the emergency room as well. They are described elsewhere in 
the book.

4  Conclusion

Pain remains the most common complaint in the emergency room. Despite health 
professionals’ best efforts, patient satisfaction with pain control still remains low. 
Pain medication should be prescribed in a safe manner, aiming to decrease pain and 
anxiety while decreasing side effects and opioid exposure when possible. Bedside 
interventional procedures can be utilized in the emergency department to help con-
trol that pain. Acupuncture, psychological interventions, and other nonopioid treat-
ment modalities can be used independently or in adjunct to opioid medications. The 
use of these and other bedside interventions can decrease pain and anxiety while 
improving patient experience in the emergency department.
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Special Considerations for Bedside Pain 
Management Interventions 
in the Intensive Care Unit

Brandon Roth, Deepak Agarwal, Gaurav Chauhan, 
and Pavan Tankha

1  Overview

Patients who require intensive care treatment are either being managed for, or recov-
ering from, failure of one or more organ systems. While the patient may be verbal, 
oftentimes they are not, and cannot readily communicate their feelings of pain. 
Identification and treatment of pain in the intensive care unit (ICU) is associated 
with better patient outcomes, decreased length of mechanical ventilation, hospital 
stay, and mortality [1–4]. Interventions that can be done at the bedside have an 
added advantage in that they are opioid-sparing and subsequently decrease opioid- 
related adverse effects.

Essential Concepts
• Pain is common in patients being treated in the intensive care unit
• Better pain control in the ICU is associated with better patient outcomes 

and satisfaction
• Interventions allow for decreased opioid administration, which has the 

added benefit of decreased opioid-related side effects
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2  Bedside Pain Management Interventions for Trauma 
Patients in the Intensive Care Unit

Major joint surgery and traumatic injury entail massive nociceptive input via C 
afferents (blocked by opioids) and A-alpha and A-delta afferents (not blocked by 
opioids), leading to somatic pain and spasm of periarticular muscles [5]. Regional 
anesthesia is an excellent modality for pain relief in these patients. Regional nerve 
blocks have been reported to decrease the length of stay in intensive care units, 
improve patient comfort for transport, improve clinical workflow, facilitate neuro-
logical assessments, and significantly reduce the need for systemic analgesics [6, 7]. 
These blocks can be administered via a single-shot or a continuous peripheral nerve 
block catheter (CPNBC). The single-shot provides 12–18 h of analgesia, whereas 
CPNBC can be employed for days or weeks. Depending on drug concentration, the 
CPNBC can provide analgesia or anesthesia for the affected limb [8]. Capitalizing 
on the duality of CPNBC benefits as the traumatic injury evolves and continues as 
the patient requires repeated skin debridement, scar revisions, skin grafts, and/or 
fracture fixation.

In upper extremity trauma, varying techniques for brachial plexus block can be 
employed, injuries permitting. However, all variations of the brachial plexus block 
spare the medial aspect of the arm, which requires supplemental blockade of the 
intercostobrachial nerve. The interscalene approach is preferred for anesthesia or 
analgesia for shoulder etiologies [9]. This approach is associated with complica-
tions such as ipsilateral phrenic nerve blockade, spinal or epidural injection, verte-
bral artery injection leading to seizures, pneumothorax, hoarseness due to blockade 
of the recurrent laryngeal nerve, Horner’s syndrome, and injury to the brachial 
plexus [10]. A phrenic nerve-sparing modification of the interscalene block, the 
superior trunk block, can provide similar analgesia in patients with diminished 
cardiopulmonary reserve [11]. The supraclavicular approach is preferred for 
trauma to the upper arm, elbow, forearm, and wrist to the fingertips. The complica-
tions of this technique include ipsilateral phrenic nerve blockade, Horner’s syn-
drome and pneumothorax. An infraclavicular approach to the brachial plexus 
yields similar analgesic profile as a supraclavicular block. If the proximal brachial 
plexus is inaccessible, then an axillary approach can be employed. This approach 
can provide adequate analgesia to the elbow, forearm, and hand, but patient posi-
tioning requires the arm to be abducted, ideally up to 90°, which could be a limit-
ing factor for some trauma patients. The phrenic nerve is not affected by 
infraclavicular or axillary approaches, so either can be performed bilaterally with-
out compromising respiratory mechanics [9, 10].

Hip fracture is associated with significant morbidity and mortality, especially in 
the geriatric population. A recent systematic review of peripheral nerve blocks 
reported that femoral nerve blocks are effective for acute pain from a hip fracture 
[12]. Femoral nerve block also offers earlier ambulation, the ability to take deep 
breaths, and reduced incidence of delirium and should be included as a part of the 
primary treatment for patients with hip or femur fractures [12]. The fascia iliaca 
block, for hip and femoral shaft fractures, is technically easier to perform than 
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Table 1 Absolute and relative contraindications to bedside pain management interventions in the 
intensive care unit

Absolute Relative
Infection at the 
potential puncture site
Patient refusal

Sepsis
Preexisting neurological deficits (i.e. preexisting nerve damage in 
targeted nerve or underlying demyelinating disease)
Coagulopathy or other blood dyscrasias (may be absolute 
contraindication especially in certain neuraxial blocks)
Structural deformities in the targeted region

femoral nerve block but may not offer the same degree of pain relief [12]. The sci-
atic nerve block, at the level of the popliteal fossa, in conjunction with a femoral 
nerve block, can reliably provide analgesia for below-knee amputations, knee 
replacement, foot, and ankle surgery. In patients with burns, severe trauma of the 
thigh, or where the proximal nerve blocks listed above cannot be performed, a psoas 
approach to the lumbar plexus can provide effective analgesia in the distributions of 
the femoral and obturator nerve [13]. Another alternative for analgesia in such sce-
narios are lumbar epidural catheters.

Rib fractures often result in splinting during either inhalation and/or exhalation, 
leading to an impairment of respiratory mechanics and increased risk of pneumonia 
[14]. Managing these patients exclusively on opioids runs the risk of sedation and 
respiratory compromise. An absolute contraindication to a regional anesthetic block 
is injury at the area of the procedure (Table 1).

If multiple ribs are fractured bilaterally, a thoracic epidural catheter can be 
threaded to the vertebral levels that corresponding dermatomal coverage is required. 
Challenges to this procedure include patient cooperation, positioning, and the tech-
nical skill required to place a thoracic epidural given the challenging anatomy. 
Additionally, the cardiac sympathetic accelerator fibers exit from the T1–T4 verte-
bral spaces and thus limit the ability to cover those dermatomes due to the risk of 
hemodynamic decline, especially in critically ill patients.

In patients with unilateral rib fractures, a thoracic paravertebral block (TPV) 
provide multi-level pain relief with a decreased chance of spinal cord injury, hypo-
tension, nausea, and pruritus when compared to a neuraxial technique [14]. It can be 
performed in the lateral decubitus position with needle entry lateral to the spinous 
processes and near the level of the fracture with a coverage of 6–8 dermatomes in a 
cephalad–caudal direction [14]. It can be placed either with ultrasound guidance or 
using anatomic landmarks. However, due to the increased risk of pneumothorax, 
ultrasound guidance is recommended. TPV can be administered either as a single- 
shot or with a threaded catheter; dosing of local anesthetic and steroid can prolong 
relief. If bilateral blocks are performed, the dosing of local anesthetic should be 
monitored due to the increased risk of local anesthetic toxicity.

An erector spinae plane block (ESP) is performed laterally to the TPV, ventral 
the erector spinae muscles, but dorsal to the transverse processes, with or without 
ultrasound. The risk of pneumothorax is less likely as the needle does not have to 
travel beyond the transverse process, but it still displays spread to the epidural, 
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paravertebral, and the lateral cutaneous intercostal nerve branches spread similar to 
the TPV [14, 15]. Multiple variations of these blocks exist including the retrolami-
nar block and mid-point transverse process to pleura block. These blocks and the 
ESP have a decreased risk of bleeding, and thus may be possible in patient with 
coagulopathies [15].

Intercostal nerve blocks (INT) can be performed at individual levels for isolated 
rib fractures and cover the blocked levels along with one level above and below. The 
benefit of this technique is that it can be performed anywhere between the midaxil-
lary line and the paraspinal muscles, and thus can be performed in a supine patient 
[15]. Intravascular uptake of local anesthetic is high with INT, which results in a 
short block duration and potentially the need to repeat it, so local anesthetic dosing 
should be carefully monitored.

A serratus plane block (SP) is performed deeper to the serratus anterior muscle 
and superior to the intercostal muscles, and has been proven to be effective in reduc-
ing pain with coughing and has led to a decrease in oral morphine consumption 
[16]. It has the benefit of blocking the T2–T9 intercostal nerves anterior to the block, 
and results in less hypotension when compared to a thoracic epidural block [14]. It 
does convey the risk of pneumothorax, and thus ultrasound guidance should be 
used [15].

3  Bedside Pain Management Interventions for Patients 
After Cardiothoracic Surgery

Sternotomy and thoracotomy for cardiothoracic surgery pose unique challenges to 
regional analgesia in the ICU patient. The increased risk of bleeding in post ster-
notomy or percutaneous coronary intervention patients, who are often on dual anti 
platelet therapies or intravenous anticoagulants, has long made many anesthesiolo-
gists and intensivists cautious in their approach to these modalities. Therefore, they 
have relied often on intravenous patient-controlled analgesia with opioids, along 
with multimodal medication regimens, to help decrease the patient’s discomfort, 
while weighing the risk of hypoxia and decreased sympathetic output. Regional 
anesthesia has the benefits of decreasing the patient’s pain with a reduced risk of 
respiratory compromise, but the increased risk of hematoma formation. There has 
been a recent increase of alternative techniques for thoracic plane blocks, specifi-
cally due to their decreased risk of epidural hematoma. Sternotomies require either 
a neuraxial block or bilateral plane blocks, while ipsilateral plane blocks can be 
used for thoracotomies (Table 2).

Table 2 Bedside pain management interventions for patients after cardiothoracic surgery

Region Procedure type
Sternotomy Thoracic epidural, paravertebral, erector spinae, intercostal, pectoralis 

blocks
Thoracotomy Epidural, paravertebral, erector spinae, intercostal, serratus anterior 

blocks
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Continuous thoracic epidural blocks are effective for post cardiac or thoracic 
surgery pain control, and are considered the “gold standard.” Typically, the catheter 
is inserted at the T6–T7 interlaminar level, and started post operatively, infusing a 
mixture of a local anesthetic such as ropivacaine and an opioid such as fentanyl 
[17]. Among the blocks we will discuss for both post sternotomy and post thora-
cotomy pain, this is the only technique that will require only one catheter for con-
tinuous, bilateral, pain relief. This “direct” neuraxial technique will also provide a 
more consistent somatic and sympathetic blockade when compared to the “indirect” 
techniques of the thoracic plane blocks which have inconsistent spread to the epi-
dural space [18]. However, serious complications related to post-surgical heparin 
usage and coagulopathies, such as epidural hematoma, can occur and should be 
carefully monitored for [17, 18].

A thoracic paravertebral block (TPV) performed at the T6–T7 paravertebral level 
can provide adequate unilateral analgesia post operatively. Bilateral, continuous, 
TPV catheters used for cardiac surgery have been shown to result in shorter ICU 
stays, decreased urinary retention, and vomiting when compared to thoracic epi-
dural analgesia [17]. A description of this procedure and the risks/benefits can be 
found in the section for rib fractures above.

Multiple variations of plane blocks have been described for chest wall proce-
dures. Starting dorsal and moving ventrally, these blocks are the retrolaminar block 
(covering 2–4 epidural spaces) and erector spinae block (covering 3–5 epidural 
spaces), which is described above in relation to rib fractures.

A serratus plane block (SP) is performed deeper to the serratus anterior muscle 
and superior to the intercostal muscles. In post-thoracotomy patients, continuous 
bilateral SP blocks at the fourth or fifth ribs have been shown to result in similar 
visual analog scale scores when compared to those utilizing intravenous patient 
controlled opioid analgesia within the first 24 h [19]. It has the benefit of blocking 
the T2–T9 intercostal nerves anterior to the block, and results in less hypotension 
when compared to a thoracic epidural block [18]. It does run the risk of pneumotho-
rax, and thus ultrasound guidance is recommended.

Ultrasound guided bilateral pectoralis nerve blocks have been proven to be 
effective in reducing the pain from a sternotomy, and have few complications. 
Due to the paucity of blood vessels as well as the location above the rib cage, both 
bleeding and pneumothorax risks are reduced. The “PECS” block has been shown 
to significantly reduce the duration of mechanical ventilation, pain at rest, and 
pain on coughing in patients with mid-sternotomies [20]. This block has two vari-
ations, PECS I, which only targets the fascial plane between the pectoralis major 
and minor muscles, and PECS II, which includes a serratus anterior plane 
block [18].

Of note, there exists contralateral innervation across the midline sternum 
that may result in an incomplete pain blockade with any of the unilateral blocks, 
and a bilateral block may be required for more thorough pain control [18] 
(Table 3).
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Table 3 Bedside pain management interventions for trauma patients in the intensive care unit

Region Procedure type
Upper extremity
   Shoulder Interscalene, superior trunk block
   Arm/elbow/hand Supraclavicular, infraclavicular, axillary blocks
Hip Lumbar plexus, femoral, fascia iliaca, lumbar epidural 

blocks
Lower extremity Obturator, femoral, sciatic nerve, lumbar epidural blocks
Rib Thoracic epidural, paravertebral, intercostal, serratus 

anterior blocks

4  Bedside Procedures for Patients After 
Abdominal Surgery

Abdominal procedures, whether open or laparoscopic, are rarely managed well 
exclusively with opioid medications [21]. Abdominal pain has two major compo-
nents. One, somatic pain, which is described as a gnawing, aching or sharp sensa-
tion that is caused by the violation of skin, mucous membranes and muscles. The 
second—and major type of pain found in this patient population—visceral pain, is 
characterized as vague and non-localized.

Several techniques have shown efficacy for pain control and the reduction of 
opioid utilization in the post-operative setting. They can be performed before or 
after surgery, but the patient will likely benefit most if the block has been performed 
preoperatively [21]. Challenges to placing these blocks include coagulopathy or use 
of anticoagulants, positioning patients during catheter insertion, infections both 
active and potential, hemodynamic instability, and hypovolemia [22] (Table 4).

Abdominal wall blocks, which include the transversus abdominis plane (TAP) 
block, the rectus sheath (RS) block, and the quadratus lumborum (QL) block, are 
safely performed under ultrasound (US) guidance.

RS blocks are useful when surgical procedures are small, where small intra- 
abdominal incisions are utilized. The block provides analgesia to the 9th–11th inter-
costal nerves between the internal oblique and transversus abdominis muscles [21]. 
With larger abdominal incisions, TAP blocks may be preferable, as they have a 
larger area of coverage [23]. They have been used as “rescue procedures” following 
failed neuraxial analgesia on the ICU [24]. The QL block, which is a block per-
formed more laterally relative to the TAP block, has the added benefit of providing 
visceral pain coverage secondary to injectate seeping into the paravertebral space. 
While its presence in the ICU literature is sparse, it is becoming much more preva-
lent in other area of the anesthesia literature [25, 26].

Neuraxial anesthesia, more specifically epidural anesthesia (EA) is another 
approach to the management of analgesia in critical patients having undergone 
abdominal surgery. It provides both somatic and visceral pain coverage, and is espe-
cially useful in controlling pain during movement (i.e. during respirations). In at 
least one major study, a metanalysis by Popping et al., there was a mortality benefit 
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Table 4 Bedside pain management interventions for patients after abdominal surgery

Region Procedure type
Abdominal 
wall

Transversus abdominis plane, rectus sheath, quadratus lumborum, epidural 
blocks

Visceral Quadratus lumborum, epidural

in patients having postoperative analgesia by epidural [27, 28]. EA also has the abil-
ity to favorably influence morbidity factors including the reduction of incidence in 
paralytic ileus, delirium, length of ICU stays, and duration of mechanical ventila-
tion [29, 30].

5  Bedside Procedures for Patients with Pre-existing 
Chronic Pain Admitted to the Intensive Care Unit

It’s estimated that 30% of the U.S. population suffers from chronic pain and those 
numbers increase with age [31]. Interventions to treat chronic pain as an outpatient 
are not always available in the intensive care unit. Reasons for this include patient 
physiologic disturbances (hemodynamic instability, renal insufficiency, hepatic fail-
ure), or patient positioning (the inability to properly position the patient to safely 
access pain generators). However, if the patient is able to communicate the type of 
pain and previous treatments, consider the following procedures after contraindica-
tions have been eliminated.

Trigger point injections or dry needling can target specific muscles that are in 
spasm. The use of ultrasound is encouraged if targets are in the thoracic or lower 
cervical region to avoid iatrogenic pneumothorax. Joint injections for shoulder, hip, 
or knee pain can also be done at bedside with or without the use of ultrasound guid-
ance. Finally, if the pain generators are accessible, ultrasound guided facet or sacro-
iliac joint injections can also be performed.

6  Bedside Procedures for Patients Transitioned 
from Intensive Care to Palliative Care

In patients with disease involving the viscera, which is the case in cancers of the 
abdomen or pelvis, there are a number of interventions that have the potential to 
significantly decrease pain. The celiac plexus block is particularly useful in patients 
with upper abdominal malignancies (i.e. pancreatic cancer) that have moderate to 
severe pain despite medical management. It has the ability to reduce opioid require-
ments, while at the same time significantly reduce pain scores [32]. The procedure 
is safe with minimal complications in the majority of cases, though the sustainabil-
ity of pain relief is variable [33–35]. Patients with pain from malignancies of lower 
abdominal or pelvic structures may benefits from superior hypogastric plexus or 
ganglion impar blocks [36]. These blocks can be performed at bedside with the 
assistance of ultrasound guidance.
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7  Conclusion

Management of the critically ill patient is challenging and requires considerable 
skill in identifying and treating variables that will affect overall outcome. While 
potentially overlooked by other more pressing systemic complications, pain man-
agement has been shown to affect not only outcome, but a range of other variables 
including overall mortality. Understanding and putting into practice accessible bed-
side interventions can supplement existing pharmacological treatments and provide 
significant relief with fewer adverse effects.
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Peripheral Nerve Blocks 
for the Management of Headache 
and Face Pain

Ryan J. Krogmann, Patrick J. Connell, Peter D. Weitzel, 
and Dmitri Souza

Essential Concepts
• Bedside peripheral nerve blocks are valuable diagnostic and therapeutic tools for 

the diagnosis and management of head and face pain syndromes
• Moreover, they can be beneficial as an abortive treatment for episodes of intrac-

table headache.
• Targets of these nerve blocks include the supraorbital nerve, supratrochlear 

nerve, infraorbital nerve, inferior alveolar nerve, mental nerve, auriculotemporal 
nerve, greater auricular nerve, maxillary nerve, mandibular nerve, and glosso-
pharyngeal nerve.

• High-quality studies are lacking. Well-designed studies are needed to ascertain 
the value of nerve blocks in refractory headache disorders.
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• Due to the high vascularity of the face and the scalp, all nerve blocks render 
patients susceptible to local anesthetic toxicity. Subsequently, the local anes-
thetic dose should be cautiously calculated, especially if the plan is to per-
form the nerve block bilaterally. Vigilant monitoring must be established 
during the injection. The solution is injected slowly in increments. For the 
same reason, there is an increased risk of post-procedure ecchymosis and 
hematoma. Should this happen, manual pressure is applied to the area of the 
block. Applying ice packs for 15–20  min can reduce post-procedural pain 
and bleeding.

1  Overview

Bedside peripheral nerve blocks for head and neck pain can provide patient’s with 
substantial relief of facial pain and headaches secondary to trauma, postherpetic 
neuralgia, other pain syndromes. In addition, these blocks may serve as diagnostic 
tests to localize the source of pain. In this chapter, we will discuss commonly used 
blocks, including supraorbital, infraorbital, and mental (Table 1).

Table 1 Peripheral nerve blocks for the management of headaches and facial paina

Block type Indications Techniques
Supraorbital nerve, 
supratrochlear nerve

Diagnosis and treatment of 
supraorbital facial pain
Supraorbital or supratrochlear 
entrapment neuropathies
Herpes zoster
Facial bone fractures
Malignancy

Landmark technique
Ultrasound-guided 
technique

Infraorbital nerve Diagnosis and treatment of 
infraorbital facial pain
Infraorbital entrapment 
neuropathies
Herpes zoster
Posttraumatic entrapment 
neuropathy
Malignancy

Landmark technique
Ultrasound-guided 
technique

Mental nerve Diagnosis and treatment of facial 
pain
Mental nerve entrapment 
neuropathies
Herpes zoster
Facial bone fractures
Malignancy

Landmark technique 
(intraoral or extraoral)
Ultrasound-guided 
technique

aAdapted with permission from From: Narouze SN (Ed.) Interventional Management of Head and 
Face Pain. Nerve Blocks and Beyond, 1st  Ed. Springer Science+Business Media New  York, 
2014:17–27

R. J. Krogmann et al.



211

2  Supraorbital Nerve Blocks

 Indications and Contraindications

Supraorbital nerve block (SON) can be used in the diagnosis and treatment of facial 
pain in areas supplied by the supraorbital nerve secondary to supraorbital neuralgia, 
herpes zoster in the V1 distribution, facial bone fractures, facial malignancies, 
entrapment secondary to injury, or other causes. Similarly, a supratrochlear nerve 
block is a useful tool in the diagnosis and management of facial pain in areas sup-
plied by the supratrochlear nerve whether due to entrapment neuropathy, facial bone 
fractures, or herpes zoster [1–3].

Common contraindications include infection at the injection site, intolerance or 
allergy to the injectate components, and patient refusal.

 Clinical Anatomy

The supraorbital nerve originates from the frontal nerve, which is the largest branch 
of the ophthalmic division (V1) of the trigeminal nerve (Fig. 1). The frontal nerve 
exits the cranium through the superior orbital fissure to run in the roof of the orbit. 
The frontal nerve divides into a larger lateral branch, the supraorbital nerve, and a 

V1, Ophthalmic division Frontal nerve

Supratrochlear nerve

Supraorbital nerve

Infraorbital nerve

Mental nerve

Inferior alveolar nerve

Gasserian ganglion

V2, Maxillary division

V2, Mandibular division

Lingual nerve

Fig. 1 Trigeminal nerve anatomy. (From: Narouze SN (Ed.) Interventional Management of Head 
and Face Pain. Nerve Blocks and Beyond, 1st Ed. Springer Science+Business Media New York, 
2014:17–27)
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Supratrochlear nerve
Supratrochlear

nerve distribution Supraorbital nerve

Supraorbital nerve
distribution

Fig. 2 Supraorbital nerve anatomy. (From: Narouze SN (Ed.) Interventional Management of 
Head and Face Pain. Nerve Blocks and Beyond, 1st Ed. Springer Science+Business Media 
New York, 2014:17–27)

smaller medial branch, the supratrochlear nerve. The supraorbital nerves give off 
nerve fibers to the vertex, thus, providing sensory innervation to the lateral portion 
of the forehead, the upper eyelid, and the anterior scalp. The supratrochlear nerve 
provides sensory innervation to the medial portion of the forehead, nasal bridge, and 
medial third of the upper eyelid (Fig. 2) [3].

 Equipment and Supplies

Peripheral nerve blocks for headaches and facial pain can be conveniently per-
formed at the bedside. Typically, a small syringe with a 25, 27 or 30-gauge, 
0.5–1.5 in. needle is utilized to inject 0.5–3 ml of the anesthetic solution. The injec-
tate usually consists of the local anesthetic lidocaine or bupivacaine, or a combina-
tion of the two, with or without a corticosteroid. We recommend using the 
non- particular steroid. The procedure does not typically require the use of special-
ized imaging guidance, but the use of real-time ultrasonography is very beneficial 
for appropriately directing the anesthetic accurately [7].

R. J. Krogmann et al.
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 Techniques

 Landmark Technique, Supraorbital Nerve Block
The patient is placed in the supine or seated position and is advised to report any 
paresthesia during the procedure along, the distribution of the nerve. The supraor-
bital notch is identified by palpation. The skin overlying the notch is prepped with an 
antiseptic solution. A 25-gauge, 1½-in. needle is introduced at the level of the notch 
and advanced medially 15° to avoid entering the foramen and avoid inducing pares-
thesia (Fig.  3). The needle is advanced until it approaches the periosteum. If the 
needle slips into the foramen, it should be withdrawn and redirected medially. After 
negative aspiration is confirmed, 0.5–3 ml of the solution is injected in a fanlike dis-
tribution. Meanwhile, a gauze sponge is gently applied on the upper eyelid and 
supraorbital tissues before, during, and after injecting the solution to prevent down-
ward dissection of the solution in the loose areolar tissues of the upper eyelid [4, 5].

 Ultrasound-Guided Technique, Supraorbital Nerve Block
The patient is placed in the supine or seated position. After prepping the skin with 
an antiseptic solution, a high-resolution linear probe is placed along the supraorbital 

Supraorbital
notch

Supraorbital
nerve

Fig. 3 Supraorbital nerve landmark injection. (From: Narouze SN (Ed.) Interventional 
Management of Head and Face Pain. Nerve Blocks and Beyond, 1st Ed. Springer Science+Business 
Media New York, 2014:17–27)
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Fig. 4 Ultrasound image orientation for supraorbital nerve block

ridge in a transverse orientation. The supraorbital notch is visualized as a defect 
along the supraorbital ridge (Figs. 4 and 5). The needle is then placed superior to the 
probe and advanced in an out-of-plane technique toward the supraorbital foramen. 
0.5–3 ml of the solution is then injected without entering into the foramen [6, 7].

3  Infraorbital Nerve Block

 Indications and Contraindications

Infraorbital nerve block serves as a useful diagnostic and therapeutic tool in the 
management of painful conditions of areas supplied by the infraorbital nerve, 
including infraorbital neuralgia, pain due to her persistent in the V2 distribution, 
facial bone fractures, potential malignancies, and others [1, 2].

Common contraindications include infection at the injection site, intolerance or 
allergy to the injectate components, and patient refusal.

 Clinical Anatomy

The infraorbital nerve originates from the maxillary nerve and enters the orbit 
through the inferior orbital fissure. It then courses along the floor of the orbit in the 

R. J. Krogmann et al.
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Fig. 5 Supraorbital nerve ultrasound-guided injection technique. The blue arrow indicates the 
supraorbital fissure, and the red arrow indicates the injection site

infraorbital groove. As the nerve exits the orbit through the infraorbital foramen, it 
gives off sensory branches to the lower eyelid, lateral nares, and upper lip. The 
superior alveolar nerve, a branch of the infraorbital nerve, innervates the upper inci-
sor, canine, and the associated gingiva (Fig. 1).

 Techniques

 Landmark Technique, Infraorbital Nerve Block
The patient is placed in the supine or seated position and is advised to report any 
paresthesia during the procedure along the distribution of the nerve. The infraor-
bital foramen is identified by palpation. The skin overlying the notch is prepped 
with an antiseptic solution. A 25-gauge, 1½-in. needle is introduced at the level of 
the notch and is advanced medially 15° to avoid entering the foramen. The needle 
is advanced until it approaches the periosteum. If the needle slips accidentally into 
the foramen, it should be withdrawn and redirected medially. After negative aspira-
tion is confirmed, 0.5–3  ml of the solution is injected in a fanlike distribution. 
Meanwhile, a gauze sponge should be used to apply gentle pressure on the lower 
eyelid and infraorbital tissues before, during, and after injecting the solution to 
prevent downward dissection of the solution into the loose areolar tissues of the 
eyelid [4, 5].

Peripheral Nerve Blocks for the Management of Headache and Face Pain
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Fig. 6 Infraorbital nerve block, ultrasound-guided injection technique. The blue arrow indicates 
the injection site over the infraorbital fossa location

 Ultrasound-Guided Technique, Infraorbital Nerve Block
The patient is placed in the supine or seated position. After prepping the skin with 
an antiseptic solution, a high-resolution linear probe is situated along the zygomatic 
bone in a transverse or oblique orientation. The infraorbital notch is visualized 
within the maxilla (Figs. 6 and 7). The needle is then placed inferior to the probe 
and advanced in an out-of-plane technique toward the infraorbital foramen. 0.5–3 ml 
of the solution is then injected to surround the nerve without entering into the 
foramen.

4  Mental Nerve Block

 Indications and Contraindications

Mental nerve block serves as a useful diagnostic and therapeutic tool in the manage-
ment of painful conditions of areas supplied by the mental nerve, including mental 
nerve neuralgia, pain due to herpes zoster in the V3 distribution, facial bone frac-
tures, facial malignancies, and others [1, 2].

Common contraindications include infection at the injection site, intolerance or 
allergy to the injectate components, and patient refusal.

R. J. Krogmann et al.
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Fig. 7 Infraorbital nerve block, ultrasound-guided injection technique. The blue arrow points 
towards the infraorbital nerve in the intraorbital fossa. The dotted line demonstrated needle trajec-
tory. The right arrow indicates injectate spread

 Clinical Anatomy

The mental nerve originates from the mandibular nerve. The nerve emerges from 
the mandible through the mental foramen at the level of the second premolar; it 
then turns sharply and gives off sensory branches to the medial side of the chin 
(Fig. 1).

 Technique

 Extraoral Approach, Mental Nerve Block
The patient is placed in the supine or seated position and is advised to report 
any paresthesia along the distribution of the nerve. The mental notch is identi-
fied by palpation. The skin overlying the notch is prepped with an antiseptic 
solution. A 25-gauge, 1½-in. needle is introduced at the level of the foramen 
and advanced medially 15° to avoid entering the foramen (Fig. 8). The needle 
is advanced until it approaches the periosteum. If the needle slips accidentally 
into the foramen, it should be withdrawn and redirected medially. After nega-
tive aspiration is confirmed, 0.5–3 ml of the solution is injected in a fanlike 
distribution [4, 5].

 Intraoral Approach, Mental Nerve Block
The patient is placed in the supine or seated position. The mental notch is identified 
by palpation. The lower lip is retracted down, and cotton balls soaked in 10% 

Peripheral Nerve Blocks for the Management of Headache and Face Pain
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Mental
foramen

Mental
nerve

Fig. 9 Intraoral technique 
for mental nerve block.. 
(From: Narouze SN (Ed.) 
Interventional 
Management of Head and 
Face Pain. Nerve Blocks 
and Beyond, 1st Ed. 
Springer Science+Business 
Media New York, 
2014:17–27)

Mental
foramen

Mental
nerve

Fig. 8 Extraoral technique 
for mental nerve block. 
(From: Narouze SN (Ed.) 
Interventional 
Management of Head and 
Face Pain. Nerve Blocks 
and Beyond, 1st Ed. 
Springer Science+Business 
Media New York, 
2014:17–27)

cocaine solution or viscous 2% lidocaine are placed in the alveolar sulcus close to 
the mental notch for adequate topical anesthesia of the mucosa. A 25-gauge, 1½-in. 
needle is advanced toward the mental foramen, which may elicit paresthesia. 
However, there should be no paresthesia on injection. After negative aspiration is 
confirmed, 0.5–3 ml of the solution is injected in a fanlike manner (Fig. 9).

 Ultrasound-Guided Approach, Mental Nerve Block
The patient is placed in the supine or seated position. After prepping the skin with 
an antiseptic solution, a high-resolution linear probe is situated along the lower 
border of the mandible in a transverse orientation. The mental foramen is visualized 
within the mandible (Figs. 10 and 11). The needle is then placed superior to the 
probe and advanced in an out-of-plane technique toward the mental foramen. One- 
half to 3 ml of the solution should be then injected without entering into the fora-
men [6, 7].

R. J. Krogmann et al.
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Fig. 10 Mental nerve block, ultrasound-guided injection technique. The figure demonstrates a 
proper orientation of the ultrasound probe and needle trajectory for mental nerve block

Fig. 11 Mental nerve block, ultrasound-guided technique. The blue arrow points towards the 
mental nerve fossa in the mandible. The right arrow indicates injectate spread

Peripheral Nerve Blocks for the Management of Headache and Face Pain
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5  Potential Complications and Adverse Effects

Although generally well tolerated by patients, occasional adverse reactions and 
complications can occur which the clinician should be aware of when performing 
the bedside interventional procedures for the face and head pain.

Aside from the discomfort of pain or muscle spasms, adverse events are rela-
tively rare. They include dizziness, lightheadedness, blurred vision, and slurred 
speech, which are signs of systemic absorption/toxicity. Patients may also report a 
metallic taste, perioral numbness, and tinnitus. Patients whom blocks are performed 
bilaterally are at more risk for adverse effects [4]. Other important complications 
and relevant considerations are presented in Table 2.

Clinical and Technical Pearls

• Supraorbital nerve and supratrochlear nerve blocks are usually performed simul-
taneously. This combination helps to alleviate pain induced by the herpes zoster 
of the ophthalmic division of the trigeminal nerve (V1) and its branches.

• Avoid placing the needle into the mental, infraorbital, and supraorbital foramina 
because injecting the solution into the bony canal can cause nerve damage as a 
result of entrapment neuropathy.

• The mental nerve block is vulnerable to blunt trauma due to the acute angle as it 
emerges out of the mental foramen.

Table 2 Additional potential Complications and Adverse Effectsa

   • Pressure should be applied to prevent hematoma production in patients with bleeding 
disorders or on anticoagulation

   • Patients must be made aware of the potential for slightly unpleasant cosmetic disfigurement 
with local hair loss, hyperpigmentation, or cutaneous atrophy due to the corticosteroids 
utilized in the treatment. Local myotoxicity has been reported with bupivacaine

   • Anaphylaxis can occur with the use of lidocaine or bupivacaine anesthetic, and blocks 
should not be performed if there has been a prior allergic reaction to the anesthetic

   • Patients receiving frequent injections or perhaps using corticosteroids, either orally or as a 
result of other interventional procedures, are at risk for developing Cushing syndrome or 
adrenal insufficiency. Clinicians must be diligent in questioning patients specifically about 
the potential recent use of steroids as this medication history is often not reported by the 
patient

   • Risks should be weighed against potential benefits when utilizing facial nerve blocks 
during pregnancy

   • Meticulous attention should be paid to patients with bony defects (e.g., craniotomy, 
mastoidectomy, etc.) while per- forming greater auricular and occipital nerves blocks to 
avoid deep needle insertion through the bony defects which may result in serious CNS 
symptoms and coma

aAdapted with permission from Narouze SN (Ed.) Interventional Management of Head and Face 
Pain. Nerve Blocks and Beyond, 1st  Ed. Springer Science+Business Media New York, 2014:17-27
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Bedside Injections 
for Temporomandibular Pain

Dmitri Souza, Stephen McNulty, and Samer N. Narouze

Essential Concepts
• Temporomandibular joint (TMJ) disorders are a common cause of facial pain. 

They are prevalent but frequently undiagnosed. The differential diagnosis for 
TMJ pain is broad. TMJ disorders can be myofascial in nature, could be related 
to osteoarthritis, including structural changes such as disc displacement, other 
diagnoses should be excluded based on history, physical exam, and imaging 
studies if indicated. Dental source of jaw pain should be excluded.

• Initial management should be aimed at patient education and self-care. Short 
courses of pharmacologic treatment, oral splints, cold or hot packs, massage, 
osteopathic manipulative treatment, jaw exercises, and/or pain psychology 
should be considered for chronic TMJ disorders.

• Bedside interventions including intra-articular local anesthetic, steroid, and/or 
botulinum toxin injections to masseter muscles can be considered if other modal-
ities failed.

1  Overview and Indications

Temporomandibular joint (TMJ) disorders or, more generally, temporomandibular 
disorders, are a common cause of facial pain affecting 4–12% of the general adult 
population [1, 2]. Temporomandibular disorder is a general term that 

D. Souza (*) · S. N. Narouze 
Center for Pain Medicine, Western Reserve Hospital, Cuyahoga Falls, OH, USA
e-mail: dsouza@westernreservehospital.org; snarouze@westernreservehospital.org 

S. McNulty 
Internal Medicine, Western Reserve Hospital, Cuyahoga Falls, OH, USA
e-mail: smcnulty@westernreservehospital.org

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
D. Souza et al. (eds.), Bedside Pain Management Interventions, 
https://doi.org/10.1007/978-3-031-11188-4_24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-11188-4_24&domain=pdf
mailto:dsouza@westernreservehospital.org
mailto:snarouze@westernreservehospital.org
mailto:smcnulty@westernreservehospital.org
https://doi.org/10.1007/978-3-031-11188-4_24


224

reflectsstructural, functional, or combined disorders associated with the temporo-
mandibular joint or masseter muscles. While TMJ disorders are quite prevalent, 
they are frequently undiagnosed. The differential diagnosis for TMJ pain is broad. 
TMJ disorders can be myofascial in nature, could be related to osteoarthritis, includ-
ing structural changes such as disc displacement; other diagnoses should be excluded 
based on history, physical exam, and imaging studies if indicated. Dental sources of 
jaw pain should be excluded as well [2, 3].

Etiology is commonly multifactorial such as genetic predisposition and aberra-
tive oral habits like excessive gum chewing or bruxism. Various chronic pain disor-
ders including fibromyalgia, diffuse myofascial pain dysfunction syndrome, or even 
comorbid psychiatric conditions may be contributory. There is a 2:1 female pre-
dominance [4, 5].

Bedside interventions including intra-articular local anesthetic, steroid, and/or 
botulinum toxin injections to masseter muscles can be considered if other modali-
ties, including self-care orpharmacological management, have failed. Oral splints, 
cold or hot packs, massage, jaw exercises, osteopathic manipulative treatment, and/
or pain psychology should be considered for chronic TMJ disorders. History of 
bruxism should prompt a referral to a dentist for an occlusal splint fitting [3–5].

Common contraindications include infection and the injection site, intolerance 
or allergy to injectate or its components, and patient refusal.

2  Clinical Anatomy

The temporomandibular joint (TMJ) is a synovial joint that articulates the glenoid 
fossa of the temporal bone and the condylar process of the mandible (Fig. 1). A 
unique feature of the TMJ is that the joint capsule contains an intra-articular disk 
[5]. This disc divides the TMJ into inferior and superior joint spaces. TMJ consists 

Synovial membrane of
temporomandibular

joint

Superior division of
the facial nerve

Articular disc of
temporomandibular
joint

Deep part of the
masseter muscle

Fig. 1 Temporomandibular joint anatomy. (A) Synovial membrane of temporomandibular joint 
(colored green). (B) Articular disc of temporomandibular join. (C) Deep part of the masseter mus-
cle. (D) Superior division of the Facial nerve
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of fibrocartilage rather than hyaline cartilage which is typical in other joints. The 
inferior TMJ space is more susceptible to osteoarthritic changes. There is no clini-
cally significant correlation between radiographic changes and TMJ and severity of 
temporomandibular disorder.

Common tasks, including talking or eating, are facilitated by the muscles of the 
cervical spine, head, and face (Fig. 1). The intra-articular disc is an important part 
of mouth opening that allows two sequential motions in the TMJ. Mouth opening is 
primarily provided by the movement of the lateral pterygoid; closure is controlled 
by the temporalis muscle, masseter muscles, and medial pterygoid muscle. Aberrant 
habits and patterns such as bruxism can predispose patients to myofascial symp-
toms [4–7].

3  Equipment and Supplies

TMJ injections can be conveniently performed at the bedside. Typically, a small 
syringe with a 25G 1 ½ in. needle is utilized to inject 0.5–3 ml of the anesthetic 
solution. The solution usually consists of local anesthetic, typically lidocaine with 
or without a corticosteroid. The procedure can be performed based on anatomic 
landmarks or with ultrasound guidance. The use of real-time ultrasonography is 
strongly recommended for appropriately navigating the needle and avoiding poten-
tial complications [4]. Botulinum toxin, 5–10 units per masseter or other muscles, 
can be utilized as well. Local anesthetic with or without corticosteroid can be pre-
pared for injections into the temporalis, masseter, or other muscles to help with 
myofascial pain. There are reports of successful utilization of viscosupplementation 
into the TMJ [4–6]. Platelet-rich plasma (PRP) can be utilized as well if indicated 
[4, 7, 8]. The preparation of the PRP is outside of the scope of this chapter 
Auriculotemporal nerve block can be performed for TMJ or other temporomandibu-
lar disorders. Again, local anesthetic with or without corticosteroid can be injected 
around the nerve [9].

4  Techniques

The patient is placed in either a sitting or supine position and is advised to report 
any unusual sensations during the procedure. Sedation is not recommended. The 
TMJ is identified by palpation. The patient is asked to open and close the mouth for 
a better sense of joint anatomy. The skin overlying the TMJ is prepped with an anti-
septic solution. A 25-gauge, 1½-inch needle is introduced “out-of-plane” under 
real-time visualization of the needle. (Fig.  2) The needle is advanced until it 
approaches the synovial membrane. Hydrolocalization of the needle tip can be uti-
lized if needed. After aspiration, 0.5–3 ml of the solution is injected into the target 
joint,periarticular muscle, or around auriculotemporal nerve [4, 5].

Bedside Injections for Temporomandibular Pain
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Fig. 2 Temporomandibular joint injection, needle trajectory. Blue arrow—temporomandibu-
lar joint
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5  Potential Complications and Adverse Effects

Occasional adverse reactions and complications can occur which the clinician 
should be aware of when performing the bedside interventional procedures for tem-
poromandibular joint pain and other temporomandibular disorders. Discomfort 
from pain on injection or muscle spasms may occur. But overall the adverse events 
are rare. They include dizziness, lightheadedness, blurred vision, and slurred speech, 
which are signs of systemic absorption/toxicity [4]. Patients may also report a 
metallic taste, perioral numbness, and tinnitus. All the symptoms may develop with 
the injection of the local anesthetic into the superficial temporal artery that is located 
in close proximity to the TMJ [4] (Fig. 3).

Ultrasonogram of this artery is presented in Fig. 4.
Particular formulations of steroids may contribute to the occlusion of small 

branches of this artery. Poor visualization of the artery or other technical con-
cerns should prompt switching to non-particular steroid formulation. Patients on 

Collateral ligaments
of temporomandibular

joint

Superficial
temporal artery

Fig. 3 Temporomandibular joint and superficial temporal artery. Green arrow—collateral liga-
ments of temporomandibular joint. Red arrow—superficial temporal artery
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Fig. 4 Temporomandibular joint ultrasonogram. Yellow arc—synovial membrane of temporo-
mandibular joint. Red arrow—superficial temporal artery

whom blocks are performed bilaterally are at more risk for adverse events. It is 
important not to force the needle beyond the first pass of the synovial membrane 
as the advancement of the needle may negatively affect the temporomandibular 
joint disc.

Routine or frequently repeated injections of corticosteroids for TMJ osteoar-
thritis are not recommended due to the potential risk of damage to the capsule 
and fibrous tissue. Whole autologous blood should not be injected into the TMJ 
due to the risk of fibrosis. Bupivacaine solutions can be toxic to the TMJ carti-
lage [4].

6 Clinical and Technical Pearls

• Temporomandibular joint and masseter muscle injections can be performed 
simultaneously if a joint component of the temporomandibular disorder is 
accompanied by a myofascial component.
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• Avoid placing the needle beyond the first pass of the synovial membrane as it can 
cause temporomandibular joint disc damage.

• Be aware of the superficial temporal artery that is located in close proximity to 
the temporomandibular joint. Even a small amount of local anesthetic may pro-
duce toxicity if injected directly into this artery. In addition, particular corticoste-
roids, if used, can cause occlusion of the small branches.

• Blockade of the auriculotemporal nerve can be useful in the management of 
atypical facial pain secondary to temporomandibular joint dysfunction.
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Greater Occipital Nerve Block

Dmitri Souza, Haroon Haque, and Nkiru Mills

Essential Concepts
• Greater occipital nerve block (GONB) provides blockade of nociceptive afferent 

fibers distributed over the upper neck, occipital region, vertex, sides of the head, 
as well as frontal area.

• Greater occipital nerve block may serve as an abortive treatment for intractable 
headache, tend to break intractable migraine headache cycle, but also may be 
helpful for acute occipital neuralgia, cluster headaches, and other common head-
ache disorders

• Greater occipital nerve block typically provides rapid headache relief, that tends 
to last days to weeks and months.

• Greater occipital nerve block can be performed blindly at the level of the occipi-
tal ridge or with ultrasound guidance at the cervical level. The technical perfor-
mance of the greater occipital nerve block is relatively simple, and typically well 
tolerated by patients.

• Greater occipital nerve block is remarkably safe if performed accurately.

1  Overview

Clinical experience suggests that greater occipital nerve block (GONB) can be 
utilized as a diagnostic and therapeutic tool for the abortive treatment of severe 
or intractable migraine headaches with status migrainosus [1]. It has been also 
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noted that it is helpful in the diagnosis and treatment of occipital neuralgia or 
entrapment neuropathy of the greater occipital nerve. There is a number of ran-
domized control trials, as well as recent meta-analyses that support the efficacy 
of GONB for the treatment of severe and intractable migraine headaches [2, 3]. 
There is some evidence supporting the utilization of GONB in the treatment of 
exacerbation of cluster headaches, cervicogenic headaches, and some other pri-
mary and secondary headache disorders. There are reports indicating the effi-
cacy of GONB in patients with posttraumatic headache, hemicrania continua, 
new daily persistent headache, post- dural puncture headache, and trigeminal 
neuralgia [4–7].

It is commonly noted in the literature that this procedure is remarkably safe if 
performed appropriately. It can be used in combination with oral and parenteral 
pharmacological treatment of severe or intractable headaches at the bedside. It can 
be combined with other treatment options, including biofeedback and other pain 
psychology interventions [8].

Greater occipital nerve block should be considered at the bedside for patients 
who are not responding to pharmacological treatment. Additionally, the patient with 
medication overuse headache may benefit from occipital nerve block to help the 
weaning process. It can be effectively used in patients with polypharmacy, in the 
geriatric population, and also may be considered, with the detailed assessment of 
risks versus benefits and consent, in pregnant women when the pharmacological 
options are limited [9].

2  Lndications and Contraindications

Indications for GONB include unilateral or bilateral occipital neuralgia. Ultrasound- 
guided technique for these injections is preferred. Greater occipital nerve block 
using a landmark technique would be of limited to no value for this particular indi-
cation. The same relates to various other entrapment neuropathies of the greater 
occipital nerve. The landmark technique or ultrasound-guided technique can be uti-
lized for status migrainosus or severe/intractable migraine headaches in hospital-
ized patients when pharmacological treatment and other noninvasive techniques are 
either contraindicated or ineffective. Other indications include cluster headaches, 
cervicogenic headaches, posttraumatic headaches, hemicrania continua, new daily 
persistent headache, post-dural puncture headache, trigeminal neuralgia, and medi-
cation overuse headache [1, 4, 7, 9].

Common contraindications include infections at the injection site, allergy or 
intolerance to injectate or its components, patient refusal. Skull defects after crani-
otomy or mastoidectomy are contraindications to blind greater occipital nerve injec-
tion. Greater occipital nerve block can be performed in these patients using an 
ultrasound-guided technique.
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3  Clinical Anatomy

The greater occipital nerve (GON) is the largest of three occipital nerves. The lesser 
occipital nerve (LON) runs laterally, and the third occipital nerve (TON) runs medi-
ally to the GON (Fig. 1) [10].

The GON originates from the dorsal primary ramus of the second cervical nerve. 
It is located between the inferior oblique muscle and semispinalis capitis. As the 
GON travels upward, it penetrates the m. semispinalis capitis, and then the m. trape-
zius. These are the common sites of GON entrapment. The GON then runs cephalad. 
It can be detected approximately 2 cm laterally to the superior nuchal line. Then 
GON runs laterally to the vertex and medially to the occipital artery (OA) (Fig. 1) [11].

The LON mainly consists of branches of the superficial cervical plexus and it has 
contributions from the C2 and C3 ventral rami. The LON travels upward and later-
ally, on the posterior border of the sternocleidomastoid muscle. It provides sensory 
innervation of the scalp laterally to the GON distribution, up to the posterior part of 
the ear.

Greater occipital
nerve at the level
of the occipital
protuberance

Axis

Occipital Artery

Inferior oblique
muscle

Greater occipital
nerve at the level
of C2

Fig. 1 Greater occipital nerve (GON) anatomy
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The TON is a branch of the third cervical nerve and typically connects to the 
GON from below and medially. It is responsible for providing sensations to the back 
of the scalp and the lower occipital region.

4  Equipment and Supplies

A greater occipital nerve block can be conveniently performed at the bedside. 
Typically, a small syringe with a 25–30G 1.5 in. needle is utilized to inject 3–5 ml 
of the anesthetic solution. The injectate usually consists of the local anesthetic, 
either lidocaine 1% or bupivacaine 0.5%, with or without a corticosteroid. We rec-
ommend utilizing the non-particular corticosteroid to avoid embolization of small 
vessels. Methylprednisolone (20–125  mg, half-life 18–36  h), or Dexamethasone 
(1–5 mg, half-life 36–54 h) can be mixed with the anesthetic solution. Adding a 
corticosteroid to the local anesthetic showed to prolong the therapeutic effect of 
regional nerve blockade. However, the utilization of corticosteroids for the GONB 
remains controversial [12].

The procedure can be performed based on anatomic landmarks or with ultra-
sound guidance.

The use of real-time ultrasonography is strongly recommended for appropriately 
directing the needle, avoiding nerves, vessels, and overall decreasing the chance of 
potential complications [11].

5  Techniques

The patient is placed in either a sitting or prone position and is advised to report any 
unusual sensations during the procedure. Sedation is not recommended.

 Anatomic Landmark Technique

In the past, prior to the widespread of ultrasonography, GON blocks were performed 
exclusively with the landmarks technique [13]. When using a landmark technique, 
a patient should be placed in a sitting or prone position. The occipital artery should 
be palpated on the back of the head at or slightly caudal to the superior occipital 
protuberance about 3–4 cm lateral to the midline. The GON is typically located 
medial to the artery approximately 2 cm lateral to the midline at the level of the 
occipital protuberance (Fig. 2).

Palpating this area would commonly be accompanied by occipital tenderness, or 
even headache, which may help to guide the blockade. The GON blockade can be 
performed on both sides depending on the patient’s symptoms. It is important to 
avoid injecting into the occipital artery during the injection. It is recommended, 
therefore, to palpate the artery before making skin wheal with the local anesthetic. 
In addition, the injection should be performed medially to the pulsation of the 
occipital artery (Figs. 1 and 2) [10, 11].
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Occipital
protuberance

Greater
occipital nerve

Third occipital
nerve

Lesser
occipital nerve

Fig. 2 Landmark injection schematics. Needs redrawing. OP—occipital protuberance. GON—
greater occipital nerve. TON—third occipital nerve. LON—lesser occipital nerve. Blue circle—
target area

When performing this injection based on the anatomic landmarks, there increase 
in the volume of local anesthetic up to 10 ml may be required in order to achieve 
clinical success. This is because of the variations in the course of the GON.

With the anatomic landmark technique, the needle is advanced until the patient 
reports paresthesia or the bony periosteum is encountered. To avoid injection into 
the periosteum, the needle needs to be then slightly withdrawn (Fig. 3). The aspira-
tion should be performed, and if negative, the local anesthetic can be injected in the 
located tender point. Additional injections can be performed in a fanlike manner. 
These additional injections would contribute to field block and will likely improve 
the chance of a successful blockade. Blockade of the TON or LON branches is 
expected with a field block as these nerves are located in close proximity to 
the GON.

Greater Occipital Nerve Block
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Fig. 3 Greater occipital nerve block (GONB) using anatomic landmark technique. The patient is 
in a sitting position. The occipital artery should be palpated on the back of the head at or slightly 
caudal to the superior occipital protuberance about 3–4 cm lateral to the midline. The GON is typi-
cally located medial to the artery approximately 2 cm lateral to the midline at the level of the 
occipital protuberance

 Ultrasound-Guided Greater Occipital Nerve Block

Ultrasonographic guidance helps accurately locate the GON, the surrounding fas-
cial planes and muscles, and most notably, vessels. It helps to locate the areas 
where the nerve may be entrapped into the scar tissue [14]. It helps to visualize the 
size of the nerve. The increased cross-section of the GON correlates with neuritis 
secondary to entrapment in the muscles or fascia or other reasons. The ultrasound 
guidance also provides real-time visualization of the tip of the needle as it is 
advanced towards the target, as well as the observation and direction of the injec-
tion itself. It has been shown that ultrasound-guided GON blocks may have better 
outcomes, and, potentially safer interventions. Ultrasound-guided GON block can 
be performed at the same location as the traditional landmark technique or lower, 
at the C2 level, where the GON is located just above the inferior oblique capitis 
muscle (Figs. 1 and 4).

The GON block typically provides rapid, within 15–30 min, pain relief that typi-
cally lasts days to months.

Either in-plane or out-of-plane techniques can be utilized. The needle should not 
be advanced if tip of the needle cannot be seen. After aspiration 0.5–3 ml of the 
solution is injected into the joint, or another target, including muscles surrounding 
the GON (Figs. 4 and 5).
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Fig. 4 Orientation of the probe for the GONB with ultrasound guidance. Please pay attention to 
the orientation and tilt of the ultrasound transducer

Fig. 5 Ultrasonographic image of the GONB. The injectate spread (Blue Line) can be seen just 
around the third occipital nerve (blue arrow) and the GON (yellow arrow) in the fascial plane 
between the inferior oblique muscle and semispinalis capitis muscle
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6  Potential Complications and Adverse Effects

Occasional adverse reactions and complications can occur which the clinician 
should be aware of when performing the bedside GONB.

Inadvertent intra-arterial injection of local anesthetic or particulate steroid 
(triamcinolone) can result in complications including and not limited to scalp 
necrosis, hair loss, and hair discoloration. However, this may happen even with-
out intra- arterial injection. Lipodystrophy may occur with this type of injection 
and the possibility of this potential complication should be discussed with the 
patient in detail prior to the procedure [13, 15]. Patients receiving frequent injec-
tions or perhaps using corticosteroids, either orally or as a result of other inter-
ventional procedures, are at risk for developing Cushing syndrome or adrenal 
insufficiency. Clinicians must be diligent in questioning patients specifically 
about the potential recent use of steroids as this medication history is often not 
reported by the patient.

In patients with a history of craniotomy, mastoidectomy, or other procedures that 
may result in bony defects, it is important to avoid deep needle insertion through the 
bony defects; this may result in serious CNS symptoms and coma. Ultrasound- 
guided GONB injections and longer monitoring times should be preferable for these 
patients.

Risks should be weighed against potential benefits when utilizing the GONB 
during pregnancy.

Anaphylaxis can occur with the use of lidocaine or bupivacaine anesthetic, and 
blocks should not be performed if there has been a prior allergic reaction to the 
anesthetic.

Clinical and Technical Pearls

• Hydrolocalization of the tip or needle tip bevel rotation can be performed the tip 
of the needle is inadequately visualized. The needle should not be advanced 
without proper visualization of the tip.

• Wiggling the needle for the purpose of better visualization is not recommended 
as it can be quite painful for the patient.

• Patients must be made aware of the potential for slightly unpleasant cosmetic 
disfigurement with local hair loss, hyperpigmentation, or cutaneous atrophy due 
to the corticosteroids utilized in the treatment. Local myotoxicity has been 
reported with bupivacaine.

• The GONB can be performed for patients on antiplatelet or anticoagulation ther-
apy. The procedure requires a detailed discussion on risk and benefits and alter-
native options. Pressure should be applied to prevent hematoma production in 
patients with bleeding disorders or on anticoagulation.
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Intranasal Block

Kris Ferguson, Tyler Weeks, Antoun Nader, 
and Dmitri Souza

Essential Concepts
• Intranasal block is a safe and efficient bedside block to treat a variety of common 

and uncommon headache and pain conditions
• The mechanism of action is thought to be blunting of the trigeminovascular reflex
• Pain relief is often rapid with a variable duration of pain relief.
• Repeated blocks have a cumulative effect which can prolong the duration of 

pain relief
• It is important to note that the current understanding is that intranasal local anes-

thetic injection, commonly referred to in the past as one of the variants of the 
sphenopalatine ganglion (SPG) block, is not a true SPG block.

1  Overview

Intranasal block is a relatively simple and beneficial interventional procedure. The 
intranasal block gained popularity after it that was discovered over a century 
ago [1, 2].
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The traditional thought was that the intranasal block is the true sphenopalatine 
ganglion (SPG) block. [2–4] It was noted that the SPG plays a substantial role in 
various pain syndromes involving the head, neck, and face [5]. The SPG is a con-
duit for sensory, sympathetic, and parasympathetic fibers. Blocking the SPG was 
thought to minimize the trigeminovascular reflex providing pain relief [6–8]. The 
traditional thought is that it can be effectively used at the bedside for patients with 
severe or intractable migraines, some of the trigeminal autonomic cephalalgias, 
tension headaches, post-dural puncture headaches, and some other types of head-
aches [9].

It is important to note that the current understanding is that intranasal local 
anesthetic injection, commonly referred to in the past as one of the variants of the 
sphenopalatine ganglion (SPG) block, is not a true SPG block [1, 2]. In fact, intra-
nasal local anesthetic application as SPG block is probably “groundless and 
unfounded, as simply we do not have a clinical biomarker to validate an effective 
SPG block.” [2] There are too many assumptions to consider the intranasal appli-
cation as SPG block including (1) assumption that most of the nasally applied 
local anesthetic will not be swallowed; (2) that the remaining solution can pas-
sively diffuse through the nasal mucosa and the sphenopalatine foramen, and (3) 
that the SPG lies directly under the nasal mucosa [2]. Postulated mechanisms of 
actions of intranasal block include the placebo effect, trigeminal autonomic reflex 
modulation, topical anesthesia of trigeminal (ethmoidal) nerves, activation of 
descending inhibitory pathways, possibly systemic local anesthetic effect, and 
possibly actual sphenopalatine ganglion block [10]. While the nomenclature 
changes, an intranasal block continues to serve as a safe and efficient technique 
that can often provide rapid relief for a disabling headache which is typically 
well-tolerated [6, 8, 9]. Some of the authors suggested that this blood can be self-
administered [11].

2  Indications and Contraindications

Commonly accepted indications include acute migraine, acute and chronic cluster 
headache, herpes zoster involving the ophthalmic nerve, other trigeminal autonomic 
cephalalgia’s, trigeminal neuralgia, persistent idiopathic facial pain, other facial 
neuralgias, and post-dural puncture headache [7, 9, 12, 13]. There are also case 
reports supporting efficacy in head trauma, fibromyalgia, post-traumatic headache, 
intractable migraines, tear secretion, nicotine addiction, post-traumatic pseudo- 
cerebrospinal fluid rhinorrhea, head and neck cancer pain, hyperhidrosis, eye pain 
due to herpes keratitis [2].

Common contraindications include local infection or severe systemic infection, 
intolerance or allergy to injectate or its components, bleeding disorders or uncon-
trolled iatrogenic anticoagulation state, and skull fracture. Skull fracture would 
make the insertion of a stylet or cotton-tipped applicator unsafe.
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3  Clinical Anatomy

The sphenopalatine ganglion is also known as the pterygopalatine ganglion or 
Meckel’s ganglion and sits in a small triangular-shaped structure close to the spheno-
palatine foramen posterior to the middle turbinate and maxillary sinus [7, 14] (Fig. 1). 
It is situated in the pterygopalatine fossa that is located between the maxillary, sphe-
noid, and palatine bones. The sphenopalatine ganglion is the largest peripheral para-
sympathetic ganglion. The SPG ganglion contains the largest collection of neurons 
outside the brain. While it is predominantly a parasympathetic ganglion, it also trans-
ports sensory and sympathetic fibers. The parasympathetic fibers, in contrast to the 
parasympathetic fibers, pass through the ganglion without synapsing.

It has connections to the trigeminal and facial nerves, the sympathetic and para-
sympathetic systems as well as somatosensory nerves. Stimulation of the SPG may 
result in the release of acetylcholine, vasoactive intestinal peptide, and nitric oxide 
in dural blood vessels. This may increase plasma protein extravasation with 
resultant neurogenic inflammation and activation of trigeminal nociceptors contrib-
uting to pain and triggering headaches (Fig. 1).

Sensory roots

Maxillary
nerve

Pterygopalatine
ganglion

Greater superficial
petrosal
(parasympathetic)

Deep petrosal
(sympathetic)

Autonomic root
(nerve to pterygoid
canal) (Vidian nerve)

Fig. 1 Sphenopalatine ganglion neuroanatomy. The pterygopalatine fossa is located between the 
maxillary, sphenoid, and palatine bones. The sphenopalatine ganglion, located in this fossa, is the 
largest peripheral parasympathetic ganglion. While it is predominantly a parasympathetic gan-
glion, it also transports sensory and sympathetic fibers. The parasympathetic fibers, in contrast to 
the parasympathetic fibers, pass through the ganglion without synapsing. (Adapted with permis-
sion from Narouze S. (Ed.) Interventional head and face pain management: Nerve blocks and 
beyond. 1st Ed. Springer Science + Business Media New York; 2014:47–52)
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Table 1 Required supplies for intranasal local anesthetic block

Syringe 3 mL
Applicator Cotton tip

Sphenocath
Allevio
Tx360
or other

Anesthetic 0.5% bupivacaine or
1–8% lidocaine

4  Equipment and Supplies

An intranasal local anesthetic block can be conveniently performed at the bedside. 
The intranasal local anesthetic block can be performed at the bedside by two differ-
ent methods. Either 0.5% bupivacaine or 1–4% and rarely 8% lidocaine can be used 
for either procedure. A cotton tip applicator or a catheter is used to apply the anes-
thetic depending on which method is used (Table 1).

5  Techniques

 Intranasal Block, Drip Method

This is one of the safest and simplest methods. The SPG is located in the posterior 
aspect of the middle turbinate. The patient is placed in a supine position with their 
head extended. 1–2 mL of local anesthetic is drawn up into a syringe. The anesthetic 
is dripped into the nostril ipsilateral to the side of pain and directed towards the 
middle turbinate. If the block is successful, pain relief should be rapid (Fig. 2).

 Intranasal Block, Q-Tip Method

The SPG is located in the posterior aspect of the middle turbinate. The depth is 
estimated by measuring the distance from the nares to the mandibular notch. The 
patient is placed in a supine position. The cotton-tipped applicator is soaked in the 
local anesthetic. The applicator is then gently advanced to the posterior aspect of the 
middle turbinate ipsilateral to the pain and left in place for several minutes to allow 
the local anesthetic to diffuse. If the block is successful, pain relief should occur 
within minutes. The cotton-tipped applicator is then gently removed (Fig. 3).
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a b

Fig. 2 Intranasal local anesthetic block at the bedside. Drip method. Local anesthetic is dripped 
into the patient’s nose, directed towards the middle turbinate

Middle nasal
turbinate

Cotton-tipped
applicator

Cotton-tipped applicator
in proximity to

sphenopalatine foramen 

Fig. 3 Intranasal local 
anesthetic block at the 
bedside. Q-tip method. A 
cotton-tipped applicator 
with local anesthetic is 
directed towards the 
posterior aspect of the 
middle turbinate. Nasal 
mucosa separates 
intranasal space from the 
pterygopalatine fossa. The 
exception could be 
sphenopalatine foramen
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6  Potential Complications and Adverse Effects

The sphenopalatine ganglion block is generally well tolerated by patients. Patients 
may complain of mild discomfort and pressure in the nose when performing the 
technique. Potential complications include epistaxis, facial hematoma, infection, 
nerve damage, no pain relief, worse pain, proptosis from retrobulbar hematoma, 
perforation of the nasal wall and orbit, bradycardia, tachycardia, allergic reaction to 
local anesthetic, corticosteroids intolerance of their side effects, and numbness of 
the upper teeth, hard palate, or pharynx [15].

Clinical and Technical Pearls

• The intranasal local anesthetic block be performed unilaterally or bilaterally 
depending on the location of the patient’s pain.

• Pain relief is typically rapid for a variety of painful headache conditions as well 
as neuralgias

• There are a variety of ways to perform the technique: drip method, cotton-tipped 
applicator, or commercially available devices. Unique patient characteristics 
should dictate the method chosen.

• Repeating blocks can have a cumulative effect prolonging pain relief

References

1. Waldman SD. Sphenopalatine ganglion block—80 years later. Reg Anesth. 1993;18(5):274–6.
2. Narouze S. Topical intranasal lidocaine is not a sphenopalatine ganglion block. Reg Anesth 

Pain Med. 2021;46(3):276–9.
3. Giaccari LG, Aurilio C, Coppolino F, Pace MC, Passavanti MB, Pota V, et  al. Peripheral 

nerve blocks for postdural puncture headache: a new solution for an old problem? In Vivo. 
2021;35(6):3019–29.

4. Jespersen MS, Jaeger P, Ægidius KL, Fabritius ML, Duch P, Rye I, et al. Sphenopalatine gan-
glion block for the treatment of postdural puncture headache: a randomised, blinded, clinical 
trial. Br J Anaesth. 2020;124(6):739–47.

5. de Leon-Casasola O, Matson BL, Juarez F.  Intranasal lidocaine sphenopalatine block: 
a case of unanswered questions versus unquestioned answers. Reg Anesth Pain Med. 
2022;47(1):74.2–75.

6. de Leon-Casasola O, Matson BL, Juarez F. Intranasal lidocaine sphenopalatine block: a case of 
unanswered questions versus unquestioned answers. Reg Anesth Pain Med. 2022;47(1):74–5.

7. Piagkou MN, Demesticha T, Troupis T, Vlasis K, Skandalakis P, Makri A, et al. The pterygo-
palatine ganglion and its role in various pain syndromes: from anatomy to clinical practice. 
Pain Pract. 2012;12(5):399–412.

8. Cady R, Saper J, Dexter K, Manley HR. A double-blind, placebo-controlled study of repetitive 
transnasal sphenopalatine ganglion blockade with tx360((R)) as acute treatment for chronic 
migraine. Headache. 2015;55(1):101–16. https://doi.org/10.1111/head.12458.

9. Robbins MS, Robertson CE, Kaplan E, Ailani J, Charleston L, Kuruvilla D, et al. The sphe-
nopalatine ganglion: anatomy, pathophysiology, and therapeutic targeting in headache. 
Headache. 2016;56:240–58.

K. Ferguson et al.

https://doi.org/10.1111/head.12458


247

10. Narouze S. Intranasal local anesthetic application: possible mechanisms of action. Reg Anesth 
Pain Med. 2022;47(1):75–6. https://doi.org/10.1136/rapm- 2021- 102964.

11. Rocha-Romero A, Roychoudhury P, Cordero RB, Mendoza ML.  Self-applied sphenopala-
tine ganglion block for postdural puncture headache: four case reports. Braz J Anesthesiol. 
2020;70(5):561–4.

12. Mojica J, Mo B, Ng A. Correction to: sphenopalatine ganglion block in the management of 
chronic headaches. Curr Pain Headache Rep. 2017;21(12):53.

13. Araújo R, Pinho S, Xavier J, Cabido H, Cavaleiro C, MacHado H. Sphenopalatine ganglion 
block followed by an epidural blood patch for postdural puncture headache management in 
postpartum patients: is it a confounder? Reg Anesth Pain Med. 2019;44.

14. Anugerah A, Nguyen K, Nader A. Technical considerations for approaches to the ultrasound- 
guided maxillary nerve block via the pterygopalatine fossa: a literature review. Reg Anesth 
Pain Med. 2020;45(4):301–5.

15. Kaufman AG, Dunbar SA, Cain CF, Cherukuri S, Ferrante FM. Sphenopalatine ganglion block 
for the treatment of myofascial pain of the head and neck. Reg Anesth. 1995;20(2).

Further Reading

Narouze S, editor. Interventional head and face pain management: nerve blocks and beyond. 1st ed. 
New York: Springer; 2014. p. 47–52.

Intranasal Block

https://doi.org/10.1136/rapm-2021-102964


249

Botulinum Toxin Injections for Chronic 
Migraine and Cervical Dystonia

Alexander Feoktistov

Essential Concepts
OnabotulinumtoxinA injections for treatment of chronic migraine and cervical 
 dystonia are safe and effective and can be performed at the bedside or in the office.

Landmark approach is utilized in the chronic migraine paradigm, while ultra-
sound or EMG guidance is required during cervical dystonia treatment.

Understanding muscle anatomy and physiology is critical to achieving the best 
therapeutic results and safety outcomes.

1  OnabotulinumtoxinA Injections for Chronic Migraine 
and Cervical Dystonia

 Overview

According to migraine prevalence and burden study [1], migraine headache affects 
nearly 12% of the United States population. Not only do migraine headaches affect 
patients in different age groups, but it especially impacts our most productive years. 
It has been estimated that migraine headaches affect 7.4% of males between ages 30 
and 39 and an astounding 24.4% of females in the same age group. In addition to 
migraine’s impressive prevalence, over 50% of all patients with migraine report 
significant impairment and/or requirement for bed rest during migraine attacks. 
According to the most recent 2016, Global Burden of Disease report migraine is the 
leading cause of years lived with disability among patients between ages 15 
and 49 [2].
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Cervical dystonia is a less prevalent neurological condition affecting between 28 
and 183 cases per million of the population. Cervical dystonia presents with various 
clinical features making diagnosis very challenging in some cases. Considering 
clinical variability, it is a common belief that cervical dystonia is a significantly 
underdiagnosed condition [3]. It has been estimated that approximately 5 years pass 
from the time of cervical dystonia onset to actual diagnosis [4].

OnabotulinumtoxinA injections (although different in their methodology) repre-
sent safe and effective treatment options for chronic migraine and cervical dystonia.

 Clinical Presentation and Indications

Migraine presentation differs from patient to patient and in general presents as mod-
erate or severe headache lasting between 4 and 72 h, usually affecting one side of 
the head and being described as a throbbing pain. The headache is associated with 
photo and phonophobia, nausea and occasional vomiting. Up to 30% of patients 
with migraine headaches may experience an aura (Table 1) [5].

Chronic migraine should be considered in those patients experiencing at least 15 
headache days per month (for at least 3 months), with each headache episode lasting 
at least 4 h/day and at least 8 of those 15 headaches being considered migraines (ie 
meeting migraine diagnostic criteria described above). Chronic migraine may occur 
with or without acute medication overuse (Table  2) [5]. OnabotulinumtoxinA is 
indicated for any patient with chronic migraine who had previously failed at least 1 
or 2 established preventative medications [6].

Cervical dystonia presentation varies dramatically between patients. The most 
common symptoms are neck posture change, neck pain, and tremor. Depending on 
specific neck posture there are 4 major types of cervical dystonia: torticollis (the 
most common type, affecting 82% of patients and associated with cervical rotation), 
laterocollis (affecting 42% of patients and associated with flexion of the neck to one 
side), anterocollis (affecting up to 25% of patients and associated with forward flex-
ion of the neck), and retrocollis (affecting 29% of patients and associated with pos-
terior neck extension). It also appears that the majority of the patients may present 

Table 1 Migraine diagnostic criteria

A. At least five attacks fulfilling criteria B–D
B. Headache attacks lasting 4–72 h
C. Headache has at least two of the following characteristics:
    1. Unilateral location
    2. Pulsating quality
    3. Moderate or severe pain intensity
    4.  Aggravation by or causing avoidance of routine physical activity (e.g. walking or 

climbing stairs)
D. During headache at least one of the following:
    1. Nausea and/or vomiting
    2. Photophobia and phonophobia
E. Not better accounted for by another ICHD-3 diagnosis

A. Feoktistov



251

Table 2 Chronic migraine diagnostic criteria

1. Headaches on more than 15 days/month for more than 3 months
2. In a patient with history of at least 5 prior migraine attacks, with/without aura
3.  On 8 days/months, for more than 3 months, headache fulfills criteria for one or more of the 

following:
    (a) At least 2 of the following:
      • Unilateral
      • Pulsating
      • Moderate or severe pain
      • Aggravated by physical activity
    AND at least 1 of the following:
      • Nausea and/or vomiting
      • Photophobia and phonophobia
    (b)  At least one of the following reversible aura symptoms: Visual, sensory, speech/

language, motor, brainstem, retinal: AND at least 2 of the characteristics of aura
    (c) Relieved with triptans or ergot derivative
4. Not better accounted for by any ICH D3 diagnosis
5. With or without medication overuse

with a combination of different postures which further complicates the diagnosis 
[7]. OnabotulinumtoxinA injections are indicated for any patients with diagnosed 
cervical dystonia.

 Clinical Anatomy

When injecting onabotulinumtoxinA for chronic migraine, following the chronic 
migraine paradigm [8, 9] with a focus on symmetrical injections and 7 different 
muscle groups. Frontal injections involve injecting of the medication into frontalis 
muscle (which proximally attaches to the epicranial aponeurosis and distally to the 
skin of the forehead and eyebrows and functions as eyebrow elevator which pro-
duces horizontal frontal wrinkles), bilateral corrugator muscles (which attach medi-
ally to the nasal–frontal bone and laterally to the skin of the eyebrow and functionally 
they are considered to be an eyebrow depressors that pull eyebrows toward each 
other and downwards producing vertical wrinkles between the brows) and procerus 
muscle (which originates distally from the fascia covering the lower part of the 
nasal bone and attaches proximally to the skin over the lower part of the forehead 
between the eyebrows and functionally it pulls the eyebrows down creating horizon-
tal wrinkles over the bridge of the nose). Lateral injections of the head consist of 
temporalis muscle injection which is located in the temporal fossa and attaches 
distally to the coronoid process of the mandible. The temporalis muscle is a muscle 
of mastication and it produces clenching of the teeth. Posterior injections of the 
head and neck consist of injections of the occipitalis muscles bilaterally (which 
originate distally at the nuchal line and insert proximally into the epicranial aponeu-
rosis), cervical paraspinal muscle group (which consists of splenius capitis and 
semispinalis capitis muscles which stabilize cervical spine and allow for movement 
of the head and neck) and trapezius muscle (especially medial portion of it which 
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stabilizes the neck and provides extension of the head and neck posteriorly and 
flexion ipsilaterally) [10].

When injecting onabotulinumtoxinA for cervical dystonia treatment we are 
focusing on cervical muscles only. Although multiple cervical muscles might be 
involved in cervical dystonia presentation the following muscles have been approved 
for onabotulinumtoxinA injections:

 1. Sternocleidomastoid muscle: attaches superiorly to the mastoid process and 
inferiorly to the manubrium and middle one-third of the clavicle. When activated 
unilaterally it flexes the head ipsilaterally and rotates the head to the opposite 
side or extends the head and pulls the neck backward when activated bilaterally. 
It is located on the side of the neck and can be easily localized with a contralat-
eral rotation of the head.

 2. Splenius capitis muscle: attaches superiorly to the mastoid process and inferiorly 
to the spinous processes of C7 - T3. When activated unilaterally it rotates and 
bends the head to the same side or extends the head posteriorly when activated 
bilaterally. It can be localized immediately anterior to the trapezius muscle and 
posterior to the sternocleidomastoid muscle in the proximal part of the neck.

 3. Splenius cervices muscle: attaches superiorly to the transverse processes of 
C1-C3 and inferiorly to the spinous processes of T3-T6. When activated unilat-
erally it rotates the upper neck and flexes it to the same side or when activated 
bilaterally, it produces posterior extension of the neck). It can be localized ante-
rior and deep to the trapezius muscle, inferior and parallel to the splenius capitis 
muscle and medial to the levator scapula muscle.

 4. Semispinalis capitis muscle: attaches superiorly to the medial aspect of the 
nuchal lines and inferiorly to the transverse processes of the lower cervical and 
upper thoracic vertebrae and it provides posterior extension of the head. It is 
located approximately 3 cm below the occipital protuberance and approximately 
3 cm lateral from the midline at a depth of 3–4 cm.

 5. Scalenus anterior/medius/posterior muscles: attach superiorly to the transverse 
processes of C2-C7 and inferiorly to the first and second ribs and it produces 
ipsilateral bending of the neck if activated unilaterally and, if activated bilater-
ally, produces forward flexion of the neck. It can be localized approximately 2 
fingerbreadths anterior to the superior edge of the trapezius and 2 fingerbreadths 
above the clavicle.

 6. Trapezius muscle: attaches superiorly to medial one-third of the superior nuchal 
line and the occipital protuberance and inferiorly to the lateral one-third of the 
clavicle, acromion, scapular spine as well as to the spinous processes of the tho-
racic and lower cervical vertebrae. It contributes to the head rotation to the oppo-
site side and bending of the neck to the same side when activated unilaterally, 
and if activated bilaterally it produces posterior neck extension. It can be local-
ized approximately 3 cm below the nuchal line.

 7. Longissimus capitis and cervicis muscles: attaches superiorly to the mastoid 
process and transverse processes of C2-C6 and inferiorly to the transverse pro-
cess of the lower cervical and upper thoracic vertebrae. When activated 
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unilaterally it produces rotation and bending of the head and neck to the same 
side and when activated bilaterally it extends the head and neck posteriorly. It is 
located approximately 3 fingerbreadths lateral from the midline at the proximal 
part of the neck (approximately 3 cm below the mastoid process or lower border 
of the skull).

 8. Levator scapula muscle: attaches superiorly to the transverse processes of C1-C4 
and inferiorly to the medial scapular border. When activated unilaterally it rotates 
and bends the neck to the same side or, when activated bilaterally, extends the 
neck posteriorly. It can be localized anterior to the superior edge of the trapezius 
muscle at the angle of the neck [10].

 Equipment and Supplies for Chronic Migraine Injections

Typically, several 1 mL syringes with 30-gauge, half an inch needles will be required 
to perform this procedure. 200 units of onabotulinumtoxinA should be diluted in 
4 mL of preservative-free normal saline to achieve 5 units of onabotulinumtoxinA 
in every 0.1 mL of the solution which will allow for accurate and simple injection 
protocol. This procedure does not require any imaging or EMG guidance and should 
be safely performed using a landmark approach only [8, 9].

2  OnabotulinumtoxinA Injections for Chronic Migraine, 
Landmark Technique

Chronic migraine injection protocol consists of 31 injection across 7 muscle 
groups. Each injection site contains 5 units of onabotulinumtoxinA, thus the total 
dose injected during a single treatment equals 155 units. The patient should be 
positioned comfortably in a supine or sitting position. We recommend to start the 
procedure with frontal injections and gradually move on to other sites bilaterally 
and finish the procedure with trapezius muscle injections. Make sure that the injec-
tion sites are cleaned with alcohol or other approved solution prior to injection and 
blood aspiration is performed prior to each injection. Although all injections are 
considered to be intramuscular, it is recommended to inject medication in to the 
most superficial aspect of the muscle to avoid contact with periosteum or excessive 
muscle weakness. Start the procedure with corrugator muscle injection. Ask the 
patient to furrow the eyebrow so that you could palpate and pinch the corrugator 
muscle between the thumb and index finger of your left hand and while holding 
syringe in your right hand insert the needle at a 90 degree angle into the belly of 
the corrugator muscle (approximately 1.5 cm above the medial inferior edge of the 
superior orbital rim) without touching periosteum. Aspirate and if there is no blood 
return gently inject 0.1  cc (5  units of onabotulinumtoxinA) into the corrugator 
muscle belly. Repeat the same procedure on the opposite side. Procerus muscle is 
injected in a similar fashion approximately midway between the 2 corrugator 
injections. The rest of the injections will be performed pointing needle upward at a 
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Fig. 1 Frontal injections. Examples of procerus, corrugator and frontalis muscle injections are 
marked with blue dots. Green lines indicate corresponding anatomical landmarks for injections 
localization

45-degree angle (once again, without touching the periosteum) (Fig. 1). Next, pro-
ceed to frontalis muscle injection. Visually draw a vertical line extending from the 
corrugator muscle injection and inject a medial portion of the frontalis muscle at 
the upper one-third of the forehead. Lateral frontalis muscle injection site is also 
located at the upper one-third of the forehead at the level of the imaginary vertical 
line passing through the lateral limbus of the cornea.

When injecting temporalis muscle start with locating the patient’s tragus of the 
ear and move finger vertically about 3 cm above the tragus for the first injection 
site. Continue to move your finger along the same vertical line approximately 1.5 
cm to 3 cm above the first injection to inject the second temporalis muscle site. 
The third injection site is located midway between the first and second injection 
sites and 1.5 cm anteriorly (yet staying within the hairline). The fourth injection 
site of the temporalis muscle is located about 1.5 cm posterior to the second injec-
tion site (at the same horizontal level) and approximately above the helix of the 
ear (Fig. 2).

For the first occipitalis muscle injection first, locate external occipital protuber-
ance and drawing an imaginary line from the inion to the ipsilateral mastoid 
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Fig. 2 Temporal injections. Examples of temporal muscle injections are marked with blue dots. 
Green lines indicate corresponding anatomical landmarks for injections localization

process. The first injection site is located in the midway of that line approximately 
at the level of the superior nuchal ridge. The second occipitalis muscle injection is 
located 1 fingerbreadth laterally, diagonally and superiorly to the first occipitalis 
muscle injection. The third injection of the occipitalis muscle is located 1 finger-
breadth medially, diagonal and superiorly to the first occipitalis muscle injection. 
Repeat the same procedure on the opposite side.

Upper cervical paraspinal muscle injections are located within the hairline. The 
first injection site is located 3 cm inferior to the lower border of the occipital protu-
berance and 1 cm laterally from the midline. The second injection is located 1.5 cm 
laterally, diagonally and superiorly from the first injection site (Fig. 3).

For trapezius muscle injection, first, divide the upper portion of the trapezius 
muscle in half from the necklace line to the acromioclavicular joint. Inject 0.1 cc of 
the solution to the most superficial layer of the trapezius muscle (at the superior 
edge of the muscle) at this level (first injection site). The second injection site is 
located at the superior edge of the trapezius muscle halfway between the first injec-
tion in the acromioclavicular joint. The third injection is once again located at the 
superior edge of the trapezius muscle halfway between the first injection in the 
necklace line or corner of the neck (Fig. 4).
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Fig. 3 Occipital and upper cervical injections. Examples of occipital and proximal paraspinal 
cervical muscle injections are marked with blue dots. Green lines indicate corresponding anatomi-
cal landmarks for injections localization

Fig. 4 Shoulder injections. Examples of trapezius muscle injections are marked with blue dots. 
Green lines indicate corresponding anatomical landmarks for injections localization
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Table 3 Adverse reactions as observed during PRREMPT clinical trials

Adverse reaction OnabotulinumtoxinA (%) Placebo (%)
Headache 5 3
Facial paresis 2 0
Eyelid ptosis 4 <1
Bronchitis 3 2
Neck pain 9 3
Muscular weakness 4 <1
Myalgia 3 1
Injection site pain 3 2

 Potential Complications and Adverse Events

This procedure is generally well tolerated by patients. The most common adverse 
events observed during PREEMPT clinical trials and as seen in clinical practice 
include neck pain, headache, muscle weakness, eyelid ptosis and injection site pain 
(Table 3) [6].

Clinical and Technical Pearls

• The patient should be informed of the possibility of temporary frontal muscle 
weakness preventing eyebrow frowning and forehead wrinkling

• Always keep in mind that injection should be administered into the most super-
ficial layer of the muscle

• Discontinuation of anticoagulation is not required for this procedure

 Equipment and Supplies for Cervical Dystonia Injections

Typically, several 1 mL syringes with 25-gauge needles, one and half-inch needles 
will be required to perform this procedure. Considering that dose/units injected dur-
ing cervical dystonia treatment are significantly higher than during chronic migraine 
protocol and depending on the dose planned to be injected you may dilute 200 units 
of onabotulinumtoxinA in 4 mL of preservative-free normal saline to achieve 5 units 
of onabotulinumtoxinA in each 0.1 mL of the solution, or in 2 mL of preservative- 
free normal saline to achieve concentration of 10 units per 0.1 mL or even in 1 mL 
of preservative-free normal saline to achieve concentration of 20  units per 
0.1 mL. This procedure requires either an ultrasound and EMG guidance to help 
identify specific muscles.

Botulinum Toxin Injections for Chronic Migraine and Cervical Dystonia
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3  OnabotulinumtoxinA Injections for Cervical Dystonia, 
Ultrasound/EMG Guided Technique

There is no standard or universal injection protocol for cervical dystonia and every 
patient should be injected differently depending on their particular clinical presenta-
tion and response to therapy. It is important to recognize that injection protocol may 
need to be adjusted from time to time. First, determine what type of dystonia your 
patient is presenting with. Then determine which muscles are contributing to the 
patient’s posture/symptoms. Finally, decide what dose to inject. Each muscle may 
be injected at one or more sites. In general, avoid injecting more than 50 units of 
onabotulinumtoxinA per site. The total dose of onabotulinumtoxinA should not 
exceed 400 units in the 3 months interval. You may need to use either an ultrasound 
or EMG guidance to better localize these muscles (Figs. 5 and 6).

Fig. 5 Ultrasonogram of m. levator scapula injection. Example of m. levator scapula injection for 
the treatment of cervical dystonia using ultrasound guidance. White arrows point towards the nee-
dle shaft
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Fig. 6 Trapezius injections. Example of onabotulinumtoxinA injection into trapezius muscle for 
cervical dystonia. Please note the spread of the injectate in this muscle marked with white arrows. 
Ultrasound guidance helps precisely deposit the injectate, and also helps to avoid potential compli-
cations, including intravascular injections and pneumothorax. (Image - courtesy of Dmitri Souza, 
MD, PhD)

In the treatment of torticollis, you should be focusing on injection of the follow-
ing muscles: ipsilaterally to torticollis (rotation), we should target splenius capitis 
(15–100 units), splenius services (20–60 units), levator scapula (20–100 units) and 
longissimus muscles (30–100  units). Contralateral to torticollis we should target 
sternocleidomastoid (15–100 units), trapezius (20–100 units) and scalenus anterior 
(20–30 units) muscles.

The following muscles are involved and should be targeted in the treatment of 
laterocollis: levator scapulae (20–100 units), upper trapezius muscle (20–100 units), 
scalenus anterior/medius/posterior complex (15–50  units), splenius capitis 
(15–100 units), and longissimus capitis and cervices (30–100 units). Anterocollis 
involves sternocleidomastoid muscle (15–100 units) and scalenus anterior/medius 
(15–50  units) bilaterally. And finally, retrocollis involves levator scapulae 
(20–100 units), upper trapezius muscle (20–100 units), longissimus capitis and lon-
gissimus services muscles (30–100 units), splenius capitis (15–100 units), splenius 
cervices (20–60  units), and semispinalis capitis muscles (30–100  units) bilater-
ally [11].

 Potential Complications and Adverse Events

This procedure is generally well tolerated by patients. The adverse events that may 
occur include dysphagia (especially after sternocleidomastoid muscle injection), 
neck pain, headache, muscle weakness, injection site pain. Hypersensitivity reac-
tions have been described when using onabotulinumtoxinA. This reaction included 
anaphylaxis, soft-tissue edema, serum sickness, and dyspnea. If any of these reac-
tions occur, discontinue onabotulinumtoxinA injections and implement appropriate 
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medical therapy. Extra care should be taken when treating individuals with pre- 
existing neuromuscular disorders such as myasthenia gravis, amyotrophic lateral 
sclerosis, or Lambert-Eaton syndrome as they may be at increased risk of general-
ized muscle weakness, diplopia, proptosis, severe dysphagia, and respiratory 
compromise.

Clinical and Technical Pearls
Schedule a follow-up appointment for 2–6 weeks after each procedure to re- evaluate 
the patient’s response to treatment and adverse events.

Adjust treatment protocol including dose and injected muscles as needed.
Start at a lower (yet therapeutic) dose and gradually increase dose/add new mus-

cles to the injection protocol to reduce the risk of adverse events and improve 
efficacy.

Do not exceed 400 units of onabotulinumtoxinA (even if a patient is being treated 
for multiple indications) in a 3 months interval.
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Noninvasive Vagus Nerve Stimulation 
and Electrotherapy for Headaches

Alexander Feoktistov

Essential Concepts
• Transcutaneous supraorbital nerve stimulation, noninvasive vagus nerve stimula-

tion, and remote electrical neuromodulation devices provide noninvasive and 
nonpharmacological therapeutic options for patients with migraine and cluster 
headaches.

• These noninvasive neuromodulation devices could be safely used in office, at the 
bedside, or at home by patients.

• These clinically proven and drug-free methods of pain management should be 
utilized as additional treatment options for patients with migraine and cluster 
headaches.

1  Noninvasive Vagus Nerve Stimulation 
and Electrotherapy for Headaches

 Overview

There are multiple classes of preventative and acute medications that are available 
to our patients with migraine and cluster headaches. Yet, as many as two-thirds of 
patients with migraine headaches, who are candidates for prophylactic therapy do 
not use them [1]. It has also been estimated that over 70% of patients discontinue 
preventative medication after 6 months of therapy. The most common reasons for 
that are lack of efficacy and side effects [2]. Clinically, we also encountered situa-
tions when drug interactions represent may pose a major concern. There are also 
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patients who prefer nonpharmacological treatment modalities. With recent techno-
logical advances, we now have noninvasive and nonpharmacological treatment 
modalities that could be helpful in these situations.

 Indications and Contraindications

All patients with migraine or cluster headaches (both chronic and episodic forms) 
require effective and reliable acute/abortive therapeutic options. All noninvasive 
neuromodulation devices can be safely utilized in conjunction with more traditional 
pharmacological interventions. In general, we recommend use of neuromodulation 
devices in patients with contraindications to triptans and ergotamine-containing 
medications, in patients who experience side effects from their current acute or 
prophylactic therapy, or in those who are unsatisfied with therapeutic outcomes. 
Another group of patients that may benefit from nonpharmacological acute or pro-
phylactic treatment options are patients with medication overuse headache or 
patients with an acute medication overuse who are at risk of developing medication 
overuse headache. Also considering the remarkable safety profile of these neuro-
modulation devices it is hard to find a patient who may not benefit from at least a 
trial of such therapeutic intervention. That being said, it is important to recognize 
that these devices have not been studied and therefore safety and efficacy have not 
been established in the pediatric population, adolescents or pregnant/nursing 
patients.

 Clinical Anatomy

The vagus nerve (tenth cranial nerve) is the largest cranial nerve and it contains both 
afferent and efferent fibers. It enters the central nervous system via the trigeminal 
nuclear caudalis in the brainstem and proceeds further into the periaqueductal gray 
and raphe nucleus [3]. In the neck area, the vagus nerve travels within the sheath of 
the carotid artery and can be found at an average depth of 1.3–1.5 cm in the anterior 
cervical triangle (where we would normally palpate carotid pulse) [4]. Stimulation 
of the vagus nerve has been shown to reduce central excitability via the reduction of 
glutamate in the trigeminal nucleus caudalis, suppression of spontaneous neuronal 
firing in the trigeminal cervical complex, as well as suppression of cortical spread-
ing depression susceptibility [5, 6].

The trigeminal nerve is the main sensory nerve in the head and face. Its anatomy 
has been well described. It appears that external trigeminal nerve stimulation 
reduces hypometabolism in the areas of the brain involved in central pain control 
(orbitofrontal and rostral anterior cingulate areas) [7].

Nonpainful remote electrical stimulation that is applied to the distant from the 
headache area (upper arm) has been shown to activate the descending anti- 
nociceptive pathway via the conditioned pain modulation effect [8].
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 Equipment and Supplies

All neuromodulation techniques described here are noninvasive and require no 
anesthesia or guidance. Noninvasive vagus nerve stimulation requires a hand-held 
stimulator marketed under the name GammaCore (Fig. 1). The GammaCore device, 
depending on the stimulation pattern, can be utilized as an acute therapeutic option 
for migraine treatment and/or as an acute or prophylactic option for cluster head-
ache treatment.

An external trigeminal nerve stimulator, marketed under brand name Cefaly, can 
also be utilized as an acute or preventative migraine therapy. Currently, there is a 
single Cefaly device available that provides both acute and prophylactic stimulation.

Finally, the remote electrical stimulation device marketed under the brand name 
Nerivio is approved for acute treatment of migraine headaches and is controlled via 
smartphone app (Fig. 2).

 Stimulation Technique and Protocol

When using noninvasive vagus nerve stimulation, the patient should be instructed to 
palpate the carotid pulse on the anterolateral area of the neck (which represents the 
correct treatment/stimulation location) at the earliest sign of pain. The patient 
should then apply a small amount of supplied gel to the stimulation surface of the 
device, turn the device on, and position it vertically along the pathway of the vagus 
nerve/carotid artery. Stimulation should be adjusted gradually by the patient until 
he/she experiences a slight pull or twitching at the corner of the lip. This muscular 

Fig. 1 Noninvasive vagus 
nerve stimulator. 
Noninvasive vagus nerve 
stimulation provides safe, 
effective and easy to use 
treatment of migraine 
headache. This particular 
treatment modality offers 
both acute and 
prophylactic stimulations. 
Image reprinted with 
permission from 
ElectroCure
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Fig. 2 Remote electrical stimulation device. Remote electrical stimulation device provides novel 
noninvasive acute therapy for patients with migraine headache. The stimulation is applied as 
needed and should be initiated at migraine onset. The stimulation should be perceived by the 
patient as strong (but not painful) and last for 45 min. (Image - courtesy of Dmitri Souza MD, PhD)

activation signals that the intensity of the stimulation is significant enough to cap-
ture vagus nerve fibers.

If this stimulation is used to treat a migraine headache the patient should admin-
ister two 2 min stimulations at the earliest sign of migraine pain. If the patient con-
tinues to experience pain 20 min after the start of the first treatment, the patient may 

A. Feoktistov



267

administer 2 more stimulations. The patient may administer the third additional 
treatment (consisting of two 2 min stimulations) if pain persists 2 h after the start of 
treatment 1 [9].

If noninvasive vagus nerve stimulation is being used to acutely treat episodic 
cluster headache the patient should administer treatment consisting of three 2 min 
stimulations at the onset of the cluster headache attack. If pain persists, the patient 
may administer the second treatment (consisting of three 2 min stimulations) 3 min 
after completion of the first treatment. The patient may treat up to 4 attacks for a 
total of 24 stimulations per day [10–12].

For cluster headache prophylaxis the patient should administer the first treatment 
(consisting of three 2 min stimulations) within 1 h of waking. A second treatment 
should be administered at least 7–10 h after the first treatment.

When using external trigeminal nerve stimulation (Cefaly) as an acute treatment 
for migraine headache, patients should apply an adhesive electrode to the lower 
frontal area (between eyebrows) at the onset of a migraine attack. Next the patient 
should attach the stimulator to the electrode and activate the stimulator by pressing 
the button and administer 1-hour of high-frequency stimulation. If the stimulator is 
used prophylactically, the patient should apply the adhesive electrode and stimula-
tor in a similar way and activate preventive stimulation consisting of a 20-minute 
low-frequency session.

When using a remote electrical stimulation device (Nerivio) advise patients to 
initiate stimulation within 60 min of migraine onset. The patient should apply the 
device to the upper arm and secure it with the supplied supporting armband. Using 
a smartphone app, the patient should gradually increase treatment intensity to the 
level that feels strong, yet not painful. Treatment should continue for 45 min [8].

 Potential Complications and Adverse Events

Overall, all noninvasive neuromodulation treatment modalities have been found to 
be safe and well-tolerated. The most common device-related adverse events with 
noninvasive vagus nerve stimulation were application site erythema and discomfort 
and perioral myokymia during treatment.

The most common side effects noticed with external trigeminal nerve stimula-
tions were intolerance to the paresthesia in the forehead, sensation of fatigue/seda-
tion during and shortly after the treatment, and headache.

The most common adverse reactions related to remote electrical neuromodula-
tion devices were muscle spasms, arm pain, a sensation of warmth and/or numbness 
at the application site, and redness.

Clinical and Technical Pearls

• When using noninvasive vagus nerve stimulation patients should apply the con-
ductive gel before each stimulation.

Noninvasive Vagus Nerve Stimulation and Electrotherapy for Headaches
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• Noninvasive vagus nerve stimulation could be administered on the same side of 
the neck or the patient may switch sides if desired.

• Inform the patient of the risk of uncomfortable paresthesias in the distribution of 
the supraorbital and supratrochlear nerves during external trigeminal nerve 
stimulation.

• Advise patients that external trigeminal nerve stimulation should be applied 
daily for at least 2 months to achieve a consistent reduction in migraine frequency.

• Advise patients to initiate remote electrical neuromodulation treatment within 
60 min from the migraine onset.
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Superficial Cervical Plexus Nerve Block

Awnik K. Sarkar, Colleen McKenna O’Connor, 
and Robert B. Goldstein

Essential Concepts
• Superficial cervical plexus block is a simple and relatively safe technique to treat 

chronic cervicalgia, atypical cervicogenic headaches, post herpetic neuralgia, 
and persistent postoperative neck pain.

• Deep cervical plexus blocks have had a key role historically in perioperative 
analgesic and anesthetic techniques but due to the risk of inadvertant epidural, 
intrathecal, and vertebral artery injection, as well as Local Anesthetic Systemic 
Toxicity (LAST), it has fallen out of favor. SCPB is often as sufficient for lateral 
neck analgesia or anesthesia.

• Adverse effects of cervical plexus block include phrenic nerve palsy, Horner’s 
Syndrome, voice hoarseness, and LAST.

• Pain relief can last anywhere from several hours to several months depending on 
the medication used, correct needle placement, and specific patient conditions.
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1  Superficial Cervical Plexus Block

 Overview

The cervical plexus contributes to both sensory and motor innervation; most notably 
it gives rise to the phrenic nerve and provides sensory innervation to the lateral 
neck, ear, and upper chest [1]. Cervical plexus nerve blocks are a relatively easy and 
safe procedure that can be performed at the bedside to help with a variety of condi-
tions. The two subtypes of cervical plexus blocks can be categorized into superficial 
and deep. Deep Cervical plexus block is not indicated typically for chronic pain 
management due to the risk of severe side effects outweighing the benefit. Superficial 
cervical block is more common for treatment of chronic pain. These blocks can be 
diagnostic or therapeutic and can have benefit for as much as 10–77 days [2].

 Indications and Contraindications

Since the cervical plexus provides sensory innervation to a large area, there are 
several indications for cervical plexus blocks.

These indications include:

• Cervicogenic headaches.
• Cervicothoracic myofascial pain syndrome.
• Post Herpetic Neuralgia [3].
• Post-operative or post-radiation pain in cervical region [4].
• Referred Somatic Pain from Cervical Spine.
• Atypical face pain.
• Pain around the ear.

Contraindications to cervical plexus block include allergy or intolerance to injec-
tate, including local anesthetics or steroids, patient refusal, and systemic or local 
infection. Relative contraindications include poor pulmonary status, anatomic dis-
tortion. Coagulopathy, including iatrogenic, and platelet dysfunction, including iat-
rogenic, are not contraindications for the ultrasound-guided superficial cervical 
plexus block. However, risks and benefits should be weighted, and thoroughly dis-
cussed with the patient (Table 1).

 Clinical Anatomy

The anterior rami of C1-C4 coalesce together to make up the cervical plexus. This 
consortium of neural tissue lies anterior to the scalenus medius and levator scapulae 
muscles and deep to the sternocleidomastoid (SCM). Innervation may be compared 
from deep to superficial branch coverage. Deep branches innervate the SCM, trape-
zius, levator scapulae, scalenus medius, and also connect with CN XI(Spinal 
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Table 1 Cervical plexus nerve blocks

Procedure Indications Techniques Contraindications
Superficial 
cervical plexus 
nerve block

Cervicogenic headaches
Cervicothoracic myofascial 
pain syndrome
Postherpetic neuralgia
Post-operative or post-
radiation pain in the cervical 
region (Valls) [4]
Somatic referred cervical spine 
pain

Landmark technique
Ultrasound- guided

Absolute:
   Patient refusal
   Systemic/site 

infection
   Allergy to local 

anesthetic
Relative:
   Poor pulmonary 

status
   Anatomic 

distortion
Deep cervical 
plexus nerve 
block

Perioperative analgesia or 
anesthesia for neck procedures 
(CEA, neck dissection, thyroid 
surgery, etc.)

Landmark technique
Ultrasound- guided

Absolute:
   Patient refusal
   Systemic/site 

infection
   Coagulopathy
   Allergy to local 

anesthetic
Relative:
   Poor pulmonary 

status
   Anatomic 

distortion
   TP fracture

Accessory Nerve). The superficial branches innervate cutaneous structures over the 
lateral cranium and neck with contribution from anterior cutaneous, occipital, 
supraclavicular, and greater auricular nerves (Fig. 1) [5].

 Equipment and Supplies

Both deep and superficial nerve blocks are easily performed at bedside. Supplies 
needed depend on indication and goal for the block. The most common local anes-
thetics used for the blocks are ropivacaine and bupivacaine. Different supplies are 
needed for superficial and deep blocks (Table 2).

 Cervical Plexus Block, Landmark Technique

Approach can be anterior, lateral, or posterior; most common is anterolateral. 
Patient is positioned in Supine or Back up position at 30–45 degrees.

• Deep block: 3 separate injections at level of transverse process of C2–4, can use 
bony landmarks or ultrasound guidance. Due to the risk:benefit ratio being low, 
this procedure is not reasonably indicated for bedside chronic pain management. 
As such will not discuss procedure specifics in depth.

Superficial Cervical Plexus Nerve Block
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Lesser occipital
nerve C2,3

Great auricular
nerve C2,3
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cervical

nerve C2,3

Supraclavicular
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Phrenic nerve

Hypoglossal nerve

C1

C2

C3

C4

C5

Superior root of
ansa cervicalis

Inferior root of
ansa cervicalis

Lesser occipital
nerve

Supraclavicular
nerve

Great auricular
nerve

Transverse
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b

Fig. 1 Cervical plexus anatomy, as labeled. (a) Yellow depicts cervical nerve roots forming super-
ficial cervical plexus. Orange lines illustrate cervical nerve roots forming deep cervical plexus. (b) 
Peripheral nerves (marked yellow) which comprise superficial cervical plexus
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Table 2 Required supplies for cervical plexus nerve blocks 

Syringe 5 or 10 ml
Needle 25, 27, 30 gauge; ½–1 in for superficial;

22 gauge, 3.5 inch spinal needle for deep
Anesthetic 0.125% ropivacaine, 0.25% bupivacaine

1–2% lidocaine
Corticosteroid choices for adjuncts Triamcinolone −10–20 mg (t1/2 life: 18–36 h)

Methylprednisolone 40–80 mg (t1/2 life: 18–36 h)
Dexamethasone 2–4 mg (t1/2 life: 36–54 h)

Mastoid

Lesser occipital n

Greater auricular n

Transverse cervical n

Sternocleidomastoidian m.

Clavicle

Supraclavicular n

Fig. 2 Needle trajectory shown at the insertion site of mid-body of the sternocleidomastoid mus-
cle for superficial cervical plexus block

• Superficial block: performed at midpoint between mastoid process and sternal 
notch at the posterior edge of SCM. The needle is placed at 45 degrees to the skin 
at the midpoint of the posterior border of the SCM pointed towards the midline 
(trachea). The needle is inserted 0.5–1.0 cm. Medication is administered at this 
point. The needle is retracted to the dermis and the needle is angled 30 degrees 
caudally from neutral position and inserted 0.5–1 cm and again medication is 
deposited here. The needle is finally retracted to the dermis and angled 30 degrees 
cranially from neutral and advanced 0.5-1 cm and medication is deposited here 
(Fig. 2).

Superficial Cervical Plexus Nerve Block
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 Ultrasound Technique

Linear transducer positioned transversely over mid-body of the SCMs Posterior 
Border. Patient positioned in supine position back up at 30–45 degrees with head 
turned to the contralateral side of the procedure. Superficial Cervical Plexus might 
be seen deep or lateral to the posterior border of the SCM as hyperechoic nodules, 
although this is not always visualized. The goal is to place the needle tip deep to 
SCM next to the cervical plexus and deposit medication here. If superficial plexus 
cervical plexus is not seen on ultrasound imaging then medication may be deposited 
slightly deep to the lateral border of the SCM and superficial to the deep cervical 
fascia which is located superficial to prevertebral fascia (Figs. 3 and 4).

 Potential Complications and Adverse Effects

Although generally well tolerated, there are some potential complications associ-
ated with cervical plexus block. A common adverse reaction is phrenic nerve palsy 
which has an incidence of 61% [5]. This can be especially concerning in patients 
with underlying pulmonary disease. Other potential complications include Horner’s 
Syndrome, spinal accessory nerve palsy, hematoma formation, infection, and 
adverse reactions to medications. If corticosteroids are used, there is a risk for 
adverse cosmetic effects including hair loss and hyperpigmentation and associated 
metabolic disturbances of exogenous corticosteroid administration. Caution should 
be used in patients with prior surgical incisions as anatomy may be distorted. Rare 
but severe adverse events are most typically associated with Deep Cervical Plexus 
block and not SCPB. These severe events include epidural/intrathecal injection, bra-
chial plexus block, vertebral arterial injection, LAST, nerve root injury, and paraly-
sis. Due to risk of phrenic nerve palsy, bilateral superficial or deep cervical plexus 
block is not advised.
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Fig. 3 Superficial cervical plexus block, ultrasound probe orientation. An ultrasound probe should 
be placed on the mid-body of the sternocleidomastoid muscle. (Image—courtesy of Dmitri Souza 
MD, PhD)

Superficial Cervical Plexus Nerve Block
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Fig. 4 A needle trajectory (white uninterrupted line) outlined from lateral to medial approach. The 
yellow area demarcates the superficial cervical plexus and the area of final medication deposition. 
SCP—Superficial Cervical Plexus. SCM—Sternocleidomastoid muscle. ASM—Anterior Scalene 
Muscle. MSM—Middle Scalene Muscle. CA—Carotid Artery. IJV—Internal Jugular Vein. 
(Image—courtesy of Dmitri Souza MD, PhD)

Clinical and Technical Pearls

• Clear visualization under ultrasound is not necessary as SCP is not always clearly 
discernible under SCM [6].

• Reliable anesthesia may be achieved in the distribution of the Superficial Cervical 
Plexus with deposition of 10  cc of local anesthetic deep to superficial fascial 
layer of SCM [6].

• The ease at which the procedure may be completed by even novice operators 
either via anatomical based or US guided technique, makes this an effective and 
efficient method of Pain Management at the bedside.

• Deep Cervical Plexus block has fallen out of favor for perioperative analgesic 
and anesthetic purposes and essentially has no role in bedside intervention for 
chronic pain management due to risk of neuraxial injection, vertebral artery 
injection, and LAST.
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Cervical Medial Branch Block

Jacob R. Caylor, Sopyda Yin, and Imanuel R. Lerman

Essential Concepts
• Facet joint pain is responsible for the majority of chronic axial neck pain.
• Cervical Medial Branch blocks (MBB) are an effective diagnostic and therapeu-

tic tool in treating chronic facet-mediated neck pain.
• The mechanism of action is a result of blockade of nociceptive afferent fibers in 

the medial branches supplying the zygapophyseal joints
• The duration of therapeutic benefit with neurotomy may last weeks to months.

1  Ultrasound-Guided Cervical Medial Branch Block

 Overview

Particularly prevalent amongst women, cervicogenic headache and chronic axial 
neck pain are morbid conditions potentially sharing a common nociceptive etiol-
ogy: the cervical zygapophyseal or facet joints [1]. In patients with chronic neck 
pain unresponsive to conservative therapy, diagnostic medial branch block (MBB) 
or intraarticular injection of local anesthetic may offer temporary relief, indicative 
of facet-mediated nociceptive origin. Responding patients may then undergo thera-
peutic radiofrequency neurotomy of the medial branches supplying the joint for 
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more sustained benefit. Notably, the prevalence of facet joint pain origin is 36–67% 
in patients with axial neck pain, 70% in cervicogenic headache and 30–60% in 
trauma-related chronic neck pain [2–4]. Moreover, as a single diagnostic cervical 
MBB has a false positive rate of up to 38%, a second confirmatory block is often 
performed prior to therapeutic intervention [5]. While historically these procedures 
were done under fluoroscopy, the advantages of ultrasound-guided diagnostic cervi-
cal MBB has recently become clear due to real-time visualization, decreased proce-
dure time and improved safety profile [6]

 Indications and Contraindications

Chronic neck pain can be categorized as radicular or axial, and has multiple etiolo-
gies originating from either the anterior or posterior spinal structures, in addition to 
the paraspinous musculature. As diarthrodial synovial joints, the facet or zygapophy-
seal joints are susceptible to a similar degenerative process seen in larger joints, 
including osteophyte formation, osteosclerosis and degeneration of the synovial 
components [7]. Both the fibrous joint capsule and synovial joint are known to be 
independent pain generators [8]. Critically interdependent with the intervertebral 
disc in sharing the axial load and maintaining cervical stability, facet joint osteoar-
thritis is largely seen in concert with anterior disc degeneration and may represent 
disease progression [9]. Though inciting injuries such as trauma or whiplash may 
play a role in the pathogenesis of facet-mediated pain, independent risk factors for 
facet osteoarthritis remain to be elucidated [7]. Largely a diagnosis of exclusion, 
facet joint mediated pain is highly prevalent, and workup is based on ruling out seri-
ous pathology including disc disease, spinal stenosis and occult fracture. In patients 
with normal cervical spine imaging, axial pain and point tenderness, it is reasonable 
to recommend diagnostic MBB to rule in/out pain contribution from facet joints. 
Moreover, it is also appropriate to consider MBB and third occipital nerve block in 
patients who fit diagnostic criteria for cervicogenic headache (Table  1) [10]. 
Therapeutic MBB using radiofrequency neurotomy is indicated in patients who have 

Table 1 ICHD-3 diagnostic criteria for cervicogenic headache [10]

A. Any headache fulfilling criterion C
B. Clinical and/or imaging evidence of a disorder or lesion within the cervical spine or soft 
tissues of the neck, known to be able to cause headache
C. Evidence of causation demonstrated by at least two of the following:
    1.  Headache has developed in temporal relation to the onset of the cervical disorder or 

appearance of the lesion
    2.  Headache has significantly improved or resolved in parallel with improvement in or 

resolution of the cervical disorder or lesion
    3.  Cervical range of motion is reduced and headache is made significantly worse by 

provocative maneuvers
    4.  Headache is abolished following diagnostic blockade of a cervical structure or its nerve 

supply
D. Not better accounted for by another ICHD-3 diagnosis
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responded positively to diagnostic blocks and in those who experienced prior benefit 
with therapeutic MBB previously. Radiofrequency neurotomy for patients with cer-
vical facet joint pain may have extended benefit these pain syndromes are unlikely to 
recover with conservative therapies [11]. While medial branch blocks or facet joint 
injections can be performed with ultrasound guidance at the bedside, radiofrequency 
ablation procedures are conventionally performed with fluoroscopy.

Common contraindications to medial branch blocks and facet joint injections 
include infection at the planned injection site, pathological or iatrogenic coagulopa-
thy, patient being on antiplatelet therapy, severe systemic disease, and patient 
refusal.

 Clinical Anatomy

Critical to mechanical stability and movement, the zygapophyseal or facet joints in 
addition to the vertebral bodies comprise the load-bearing structures of the cervical 
spine and are susceptible to pathology including degenerative osteoarthritis and 
traumatic injury [7]. Bounded by a lubricating synovium and a fibro-ligamentous 
capsule, the facet joints are formed by the articulation of superior and inferior pro-
cesses from the vertebrae and are known pain generators (Fig. 1). progressing cau-
dad from C2, the angle of articulation in these diarthrodial joints starts relatively 
horizontal and becomes more vertically and posterolaterally oriented [12, 13].

Innervation to the facet joints is provided by the terminal articular branches of 
the cervical dorsal rami. As the dorsal rami course posteriorly over the root of the 
transverse process, they give off the medial and lateral branches. In general, the 
medial branches wrap around the waist of the articular pillars and give off articular 
branches supplying the facet joint above and below the spinal level (Fig. 1) [14, 15]. 
In as much, each facet joint receives dual innervation: articular branches above and 
below the joint both contribute sensory information and thus must be targeted dur-
ing interventions. As a common target for interventional procedures regarding face-
togenic pain, medial branches exhibit course variability for C3, C6 and C7 [14, 15] 
and redundant branches in C4, C5 and C6 [16]. Notably, the medial branch of C7 
courses dorsally near the peak of the C7 articular pillar. While the C3-C6 medial 
branches have a similar course, the C2–3 facet joint has unique anatomy and inner-
vation. For example, though the C3–4 joint receives its cephalad innervation from 
the deep medial branch of C3, the C2–3 facet joint is innervated by articular branches 
of the third occipital nerve (TON) (Fig. 1). The superficial medial branch of C3, the 
TON is larger in caliber and gives off articular branches as it courses across the facet 
joint [14, 15]. Understanding the variability in medial branch anatomy is key to 
providing reliable diagnostic and therapeutic interventions.

 Equipment and Supplies

The necessary materials for cervical MBB include skin disinfectant solution, a 
syringe with needle, local anesthetic and a high frequency ultrasound probe. While 
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C4

C5
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Fig. 1 Lateral view of the 
cervical spine 
demonstrating innervation 
of the facet joints. The 
third occipital nerve (TON) 
and C3 deep medial branch 
(DMB) course posteriorly 
over the C2/3 facet joint. 
While the courses of the 
TON, C4 and C5 medial 
branches are conserved, C3 
DMB, C6 and C7 medial 
branches exhibit marked 
course variability

Table 2 Required supplies for cervical medial branch blocks

Syringe 3 or 5 ml
Needle 25, 27, 30 gauge

½–1 in.
Anesthetic 0.25–0.5% bupivacaine

1–2% lidocaine
Lidocaine/bupivacaine combination: 1:1–1:3 ratio

Ultrasound 12–4 mHz high frequency linear transducer
Sterile ultrasound gel and probe cover

Other Sterile gloves and skin disinfectant

other supplies are routinely used in pain procedures, an ultrasonography machine 
capable of color flow doppler in addition to a high frequency probe is required in 
order to adequately visualize relevant blood vessels, nerves and osseous landmarks 
(Table 2).

 Cervical Medial Branch Block, Long Axis (Coronal) Technique

The long axis technique is primarily used for blocking the medial branches supply-
ing C2–6 facet joints. With the patient in the lateral decubitus position and head 
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Fig. 2 Patient positioning for ultrasound-guided medial branch block with the probe in the long- 
axis plane. The patient is placed in the left lateral decubitus position, with the head supported 
neutrally. After scout images are obtained, the patient is then prepped and draped in the usual 
sterile fashion

supported neutrally, the neck is prepped and draped in the usual sterile fashion 
(Fig. 2). The ultrasound probe is oriented coronally over the neck, identifying the 
mastoid bone cranially and transverse process of C1 caudally. Slight rotation or 
angulation of the probe should bring the image into view (Fig. 3). The probe is then 
shifted caudad until the transverse process of C2 comes into view. The vertebral 
artery can now be identified as a pulsing hypoechoic structure, which can be con-
firmed with color flow doppler (Fig. 4). Centered over the TP of C2, the probe is 
then shifted dorsally and translated slightly caudad until the C2–3 facet joint is 
located (Fig. 5). At this point the TON can be viewed as it crosses the C2–3 facet 
joint, demarcated as a beaded hyperechoic structure with thin hypoechoic rim. The 
TON can be blocked at this level using an in-plane approach, or the transducer can 
be further translated caudad to identify the C3 deep medial branch, taking care to 
note the anatomy, orientation and identify vessels in the case of uncertainty using 
color doppler ultrasonography (Fig. 6). The probe is then translated caudad in the 
coronal plane and shifted dorsally until the articular pillars and associated medial 
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Fig. 3 Ultrasound coronal view of the mastoid process and transverse process of C1 (C1 TP)

Fig. 4 Ultrasound coronal view with color flow doppler demonstrating the vertebral artery arising 
from the transverse foramen of C2 and entering the transverse foramen of C1
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Fig. 5 Ultrasound coronal view of the C2–3 facet joint with the third occipital nerve noted by the 
block arrow

Fig. 6 Ultrasound coronal view of the C2–3 and C3–4 facet joint with the C3 deep medial branch 
denoted by the block arrow

branch nerves come into view (Fig. 7). As the probe is translated caudad, keeping 
the facet joints in view, an alteration in trajectory following the cervical lordosis is 
likely necessary to keep the facet joints in view. Further translation in the longitudi-
nal plane will reveal the medial branches of C4 at the waist of the articular pillar and 
the C3–4 facet joint (Fig. 7). Particularly inflamed nerves may appear larger than 
non-affected nerves by ultrasound. Ultrasound-guided C7 medial branch block is 
difficult in the longitudinal technique; therefore, the transverse technique is 
described in the following section.

Cervical Medial Branch Block
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Fig. 7 Ultrasound coronal view of the C3–4, C4–5 and C5–6 facet joints. The associated medial 
branches are denoted by the block arrows

 Cervical Medial Branch Block, Transverse Technique

For patients in whom the long axis approach is ill-suited due to needle entry site or 
probe handling, the transverse technique for MBB offers another option; this is 
frequently used in the MBB of C7 due to obstruction by the thoracic cage, though it 
is also routinely used in C5 and C6 MBB. With the patient prepped and draped in 
the previously described position, the probe is oriented in the transverse plane on 
the lateral neck (Fig. 8). Level confirmation can be completed by scanning coronal 
plane and then rotating the probe 90 degrees to the transverse position. The probe is 
translated cephalad and caudally until C6 is identified by its prominent anterior 
tubercle and classic “snail shell” shape of the articular process (Fig. 9). Translating 
the probe slightly caudad leads to flattening of the “snail shell” and is the site of C6 
MBB (Fig. 10). C7 can by identified by translating the probe caudad. Alternatively, 
the C7 superior articular pillar can be identified by first locating the broad transverse 
process of T1 in the transverse plane (Fig. 11). Scanning cephalad, the more ante-
rior, singular and narrow transverse process of C7 comes into view (Fig. 12). Further 
translating the probe cephalad yields the superior articular process of C7 (Fig. 13). 
With the needle insertion posterior to the probe, an in-plane ultrasound-guidance is 
used to direct the needle between the periosteum of the C7 superior articular pillar 
and the semispinalis capitus muscle, where local anesthetic is deposited.

 Potential Complications and Adverse Effects

Potential complications are rare, but include ineffective procedure, patient discom-
fort, intravascular injection, intrathecal injection and nerve injury. Anesthesia or 
dysesthesia in the nerve-associated dermatome is possible, though in one study 
none of the participants found theses sensory changes troublesome [11].
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Fig. 8 Patient positioning for ultrasound-guided medial branch block with the probe oriented in 
the transverse plane. The patient is placed in the left lateral decubitus position, with the head sup-
ported neutrally. After scout images are obtained (pictured above), the patient is then prepped and 
draped in the usual sterile fashion

Fig. 9 Ultrasound transverse view of C6, including the prominent anterior tubercle (AT), nerve 
root (NR) and posterior tubercle (PT). Here the articular process (AP) has a characteristic “snail 
shell” appearance

Cervical Medial Branch Block



290

Fig. 10 Ultrasound transverse view of C6, including the prominent anterior tubercle (AT), nerve 
root (NR) and posterior tubercle (PT). Scanning caudad from the prior view, the “snail shell” has 
flatted and become the articular pillar (AP). The block arrow noting the osseous flattening marks 
the articular pillar and is the block target with C6 medial branch block

Fig. 11 Ultrasound transverse view at T1. The transverse process (TP) of T1 is notably broader 
and flatter than the TP of the cervical vertebrae. Scanning cephalad slowly will yield the narrow TP 
of C7 anteriorly (pictured in Fig. 12)
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Fig. 12 Ultrasound Transverse view of the C7 transverse process, C7 nerve root (NR), and bra-
chial plexus (BP). Scanning slightly cephalad will yield the view for C7 Medial branch block

Fig. 13 Ultrasound Transverse view of the C7 transverse process and superior aspect of the artic-
ular pillar (SAP), where the C7 medial branch most likely courses. The block arrow notes the 
location for C7 medial branch block

Cervical Medial Branch Block
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Clinical and Technical Pearls

• Cervical medial branch blocks are usually performed unilaterally at multiple 
 levels and offer a diagnostic and therapeutic approach to chronic neck pain

• Currently, ultrasound-guided cervical medial branch blocks are limited to diag-
nostic procedures, while radiofrequency neurotomy utilizes a fluoroscopic 
approach

• Ultrasonographic identification of anatomy including osseous landmarks, nerves 
and blood vessels improves safety and efficiency

• Careful surveillance of the anatomy and needle trajectory planning should be 
observed prior to performing the procedure.

• Technical proficiency with an in-plane approach should be demonstrated prior to 
performing the procedure, as complete needle tip visualization is required for 
safety and block efficacy.
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Stellate Ganglion Block

Anna C. Irwin and Christian Renwick

Essentials Concepts
• Stellate Ganglion Block (SGB) is a cervical sympathetic chain block that may be 

accomplished by infiltration of a local anesthetic into the region of the sympa-
thetic ganglia

• Primarily used to treat CRPS, but can be used for angina, phantom limb pain, 
vascular insufficiency, hyperhidrosis, Raynaud’s syndrome, anxiety, posttrau-
matic stress disorder, atypical face pain, as well as a variety of other pain and 
non-pain related conditions.

• With ongoing efforts to improve the safety of the procedure, the techniques for 
SGB have evolved over time, from the use of a landmark-based technique to 
fluoroscopy, and, over the last decade, to an ultrasound-guided approach which 
enables it to be performed safely at the bedside.

1  Stellate Ganglion Block

 Overview

Stellate Ganglion Blocks (SGB) have been used for almost a century to treat a vari-
ety of conditions. The block was initially described by Leriche for angina and then 
refined by Findley and Patzer. Also known as a cervicothoracic block, it is primarily 
used to treat complex regional pain syndrome (CRPS but can be used for angina, 
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phantom limb pain, vascular insufficiency, hyperhidrosis, Raynaud’s syndrome, 
anxiety, atypical face pain, as well as a variety of other pain and non-pain related 
conditions. It helped, for example, to reduce the number of hot flushes and nightly 
awakenings suffered by breast cancer survivors and women experiencing extreme 
menopause [1]. There is also emerging evidence for stellate ganglion blocks in the 
treatment of depression and post-traumatic stress disorder [2, 3] as well as refrac-
tory ventricular tachycardia [4]. Techniques for performing SGB include the use of 
a landmark-based technique, fluoroscopy, and, over the last decade, an ultrasound- 
guided approach enabling the procedure to be performed at the bedside.

 Indications and Contraindications
Common indications include CRPS, type I and type II, hyperhidrosis, angina, car-
diac arrhythmias, Raynaud’s syndrome, vascular insufficiency, frostbite, posttrau-
matic stress disorder, postherpetic neuralgia, atypical face pain, vascular headaches, 
phantom pain, anxiety, depression, and other conditions.

Common contraindications include injection at the planned injection site, mod-
erate to severe systemic infection, coagulopathy, including iatrogenic, platelet dys-
function, including iatrogenic, cardiac conduction block, glaucoma, and patient 
refusal (Table 1).

 Clinical Anatomy

The cervical sympathetic trunk contains three interconnected ganglia: the superior, 
middle, and inferior ganglion. In 80% of the population, the stellate is formed by the 
fusion of the inferior cervical ganglion and first thoracic ganglion. If not fused, the 
inferior ganglion is referred to as the stellate ganglion [5, 6] (Fig. 1).

It is approximately 2.5 cm in length, 1 cm in width, and 0.5 cm in thickness. The 
stellate ganglion lies lateral to the longus colli muscle, medial to the scalene mus-
cles, and anterior to the transverse process and prevertebral fascia. The vertebral 

Table 1 Common indications and contraindications for stellate ganglion block

Indications Contraindications
Complex regional pain syndrome type I or 
type II

Patient refusal

Phantom pain Local or systemic infection
Angina Coagulopathy or platelet dysfunction
Cardiac arrhythmias Glaucoma
Frostbite Cardiac conduction block
Accidental arterial injection of medications
Post-traumatic stress disorder
Post herpetic neuralgia
Atypical face pain
Vascular headaches
Hyperhidrosis
Raynaud’s phenomena, or disease
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Fig. 1 Cross-sectional anatomy of stellate ganglion block as labeled

artery which arises from the subclavian artery lies anterior to the ganglion at C7 
then enters the vertebral foramen posterior to the anterior tubercle of C6 
(Chassaignac’s Tubercle) in 90% of the population. In the other 10% the artery 
enters at C5 or higher [7]. The cervical ganglia receive preganglionic fibers from the 
lateral gray column of the spinal cord and myelinated preganglionic fibers from the 
anterolateral horn of the spinal cord. Nerve fibers from the upper thoracic spinal 
cord come from the ventral spinal root and join the spinal nerves at the start of the 
ventral rami. These nerve fibers leave the spinal nerve through white rami commu-
nicans, which may then enter corresponding thoracic ganglia and travel cephalad 
into the neck. Innervation for the head and neck arise predominantly from T1 to T3, 
while innervation of the upper extremities originates predominantly from T2 toT6. 
The fibers travel cephalad through the sympathetic trunk into the cervicothoracic 
ganglion where they synapse. After they synapse, the postganglionic fibers either 
travel to the head and neck or to the brachial plexus to innervate the arm. These 
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postganglionic fibers control sudomotor and vasoconstriction of the face and neck. 
When the fibers are blocked, ptosis, miosis, enophthalmos occur as well as abolition 
of face and neck sweat [8].

 Equipment and Supplies

• Informed Consent
• Syringe with 27-gauge needle—for local skin infiltration
• 5–10 ml Syringe—for injectate
• 22- or 25-gauge, 3.5-inch needle
• Skin temperature monitor
• Ultrasound Linear High-Frequency Probe
• Appropriate equipment and medications for medical resuscitation

For safety reasons, an intravenous line should be inserted before the procedure. All 
patients should be monitored by electrocardiography, noninvasive blood pressure 
measurement, and pulse oximetry during and for 30 min after the block. With the 
ongoing efforts to improve the safety of this procedure, the techniques for SGB have 
evolved. There are a variety of techniques described to perform this block. Imagine 
guidance has appeared to improve success but practicality and modalities continue 
to be debated. CT guidance, for instance, has a high success rate however it is often 
impractical to use and exposes patients and physicians to high doses of radiation 
and cannot be utilized at the bedside. There continues to be a variable success rate 
with this block regardless of the employed technique.

 Landmark Technique

The patient is positioned supine with neck slightly extended and mouth opened 
slightly to relax neck musculature. In a blind technique, the physician is taught to 
palpate Chassaignac’s tubercle. This is located roughly 3 cm cephalad to the ster-
noclavicular joint at the medial border of the sternocleidomastoid muscle [7]. The 
physician’s non-dominant hand retracts the carotid artery and SCM laterally. The 
needle is inserted and advanced until contacting bone which is either Chassaignac’s 
tubercle or the junction between the tubercle and C6 vertebral body. The needle is 
then withdrawn 2–4 mm to position the needle outside of the longus colli muscle. 
Aspiration should be performed before injecting any local anesthetic and a dose 
of 0.5–1 ml should be slowly injected to look for signs of intravascular injection. 
If aspiration is negative, 5–8 ml of bupivacaine or lidocaine can be injected in 
small increments. This technique can produce unreliable results and can be asso-
ciated with a variety of complications such as intravascular injection, hematomas, 
esophageal injury, and damage to the recurrent laryngeal nerve [9]. Narouze et al. 
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further emphasized the risks of a blind approach pointing out that blind injection 
at the C6 level on the left side may cause inadvertent esophageal puncture or may 
traverse the thyroid [10]. It is generally no longer recommended to perform a 
blind technique.

 Stellate Ganglion Block, Ultrasound Technique

Ultrasound allows direct visualization of vessels and soft tissues and should theo-
retically minimize damage to these structures. Clear imaging of the muscles, fascia, 
blood vessels, viscera, and bony landmarks allows for increased safety and efficacy. 
Various ultrasound techniques exist to perform this block. Improper placement of 
the needle can also occur despite confirmatory tests. If the needle is placed in the 
longus colli muscle, the result will be an ineffective block [11]. Thus, success rate 
may vary.

 Anterior Approach at C6
The patient is supine with the neck slightly extended and slightly rotated to the 
contralateral side, increasing the distance between the carotid artery and trachea. 
The ultrasound probe is placed at the level of the cricoid cartilage, transversely just 
lateral to the trachea on the ipsilateral side. The C6 transverse process is identified 
by the prominent anterior tubercle. Scanning caudally will visualize the C7 trans-
verse process which has no tubercle. Pressure can be applied with the ultrasound 
transducer, reducing the distance between the skin and tubercle and depressing the 
dome of the lung to reduce risk of pneumothorax. A quick scan caudally will help 
confirm that the inferior thyroid artery is not in the path of the needle. The ganglion 
may be visualized; however, if not, the goal is to use an in-plane approach to deposit 
the medication in the fascial plane anterior to the longus colli. Injection of 1–2 ml is 
typically performed to verify filling of the fascial plane, then a total volume of 
3–5 ml can be injected [12, 13]. (Fig. 2).

 Anterior Approach at C7
Ultrasound can also be utilized by scanning downward from C6. C7 has only a ves-
tigial tubercle that is not readily palpable or easily visualized on ultrasound, thus 
identifying C6 and proceeding caudally to C7 may be helpful. At C7, the risk of 
vertebral artery injury and pneumothorax are generally considered higher. In addi-
tion, the risk of esophageal puncture appears higher. In one study it was reported 
that when performed on the left, the esophagus was located along the needle path in 
39 out of 60 cases at C7 vs 22 out of 60 cases at C6 [14]. The benefits of a C7 
approach include that of being closer to the ganglion so a smaller volume of local is 
needed. We typically inject around 3 cc of local anesthetic. This is often useful if 
there was a failed block at C6 (Fig. 3).
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Fig. 2 Right stellate ganglion block: needle and ultrasound transducer positioning. This proce-
dure can be performed with a needle advanced using in plane or out of plane technique. The image 
demonstrates in plane technique. (Image–courtesy of Dmitri Souza, MD, PhD)
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Fig. 3 Ultrasonogram of stellate ganglion block at C7 level, is labeled. Red arrows point towards 
the trachea. Blue arrows points towards prevertebral fascia and injectate spread. White arrow 
points towards valgus nerve. Dashed line highlights needle trajectory. (Image–courtesy of Dmitri 
Souza, MD, PhD)

 Response from the Block

There are some expected changes that result from a stellate ganglion block. These 
changes last the duration of the local anesthetic (4–6 h). Changes include Horner’s 
syndrome (ptosis, miosis, anhidrosis), a bloodshot eye on the injected side, nasal 
congestion on the injected side (Guttman’s sign), and a temperature increase on the 
injected side. Hoarseness may also be noticed. The presence of Horner’s syndrome 
signifies a sympathetic block of the head and neck but does not verify an upper 
extremity block. Temperature increase in the ipsilateral extremity is the easiest clin-
ical sign to confirm a sympathetic block. Various changes in temperature have been 
considered significant in a successful sympathetic blockade. The magnitude of tem-
perature increase is dependent on the starting temperature because skin temperature 
will nearly approximate core body temperature. Patients whose baseline skin tem-
peratures are lower because of vasoconstriction (late-stage CRPS) will experience a 
larger increase in temperature than in a vasodilated patient (early stage CRPS) [15]. 
(Fig. 4).
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Fig. 4 Change in temperature between right and left thumb after correctly performed stellate 
ganglion block. (Image–courtesy of Dmitri Souza, MD, PhD)

 Potential Complications and Adverse Effects

Although infrequent, risks from the procedure include seizure (if the medication is 
incidentally injected into a blood vessel), pneumothorax, brachial plexus block, 
high spinal or epidural block, that may result in cardiorespiratory arrest, allergy to, 
or intolerance of the injectate, including local anesthetics or corticosteroids, nerve 
damage. Bruising or soreness at the injection site may occur. Respiratory compro-
mise secondary to an incidental phrenic nerve block, or compression of the trachea 
by intervention-induced hematoma, are extremely rare [16]. Most experts agree that 
the chance of complication can be decreased dramatically with an ultrasound-
guided approach, primarily because of direct visualization of the target structure in 
the needle tip during the procedure (Table 2).
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Table 2 Stellate ganglion block. Potential complications

Bleeding/hematoma
Pneumothorax/hemothorax
Vertebral artery injury
Esophageal trauma
Recurrent laryngeal nerve injury
Tracheal trauma
Phrenic nerve injury
Brachial plexus injury

Clinical and Technical Pearls

• The success rate of the stellate ganglion block is variable. The rate is so variable 
because it may be difficult to evaluate the success of the block, and improper 
placement of the needle can also occur despite confirmatory tests.

• The success or failure of either landmark-based technique or fluoroscopic-guided 
injection depends on the thickness of the longus coli muscle, and on the anatomic 
location of the cervical sympathetic trunk. The endpoint for injection in the 
ultrasound- guided technique is the pre-vertebral fascia, and not contact with 
bone as with fluoroscopic and blind techniques.

• An interesting application for stellate ganglion block has been described in lit-
erature where a right sided stellate ganglion block is performed and appears to 
improve symptoms of PTSD.  It appears that this procedure performed on the 
right side has the ability to confer greater benefit than the left.
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Trigger Point Injections

Matthew Riley, Janki Patel, and Lynn Kohan

Essential Concepts
• Trigger point injections are effective in treating myofascial trigger points that 

cause persistent pain and limited range of motion.
• Goals for trigger point injections include rapid pain relief and increased range of 

motion of the affected muscles.
• Trigger point injections are easy to perform in clinic and are generally well toler-

ated by patients
• Pain relief from these injections is rapid and can last days, weeks, and even months

1  Overview

Myofascial trigger points are taut bands of skeletal muscle fibers that result in per-
sistent pain and limited range of motion of the affected muscles [1]. In addition to 
pharmacotherapy and other non-invasive treatment options for this type of pain, 
trigger point injections offer an additional treatment modality. Trigger point injec-
tions are generally low risk and well tolerated injections performed at the bedside. 
These injections usually contain local anesthetics that may or may not be supple-
mented with steroids. They can be administered by simple palpation or under ultra-
sound guidance. These injections are generally safe and have few side effects or 
complications.
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2  Indications and Contraindications

Candidates for trigger point injections are commonly patients with myofascial pain 
syndrome. These patients often have points of tenderness that are caused by sudden 
or repetitive strain on skeletal muscles. Active trigger points often result in pain, 
stiffness, and decreased range of motion. Paresthesias may also occur. Many patients 
with myofascial pain also have fibromyalgia. It is important to distinguish between 
the two, as trigger point injections may worsen fibromyalgia symptoms. Fibromyalgia 
symptoms typically include diffuse pain and tenderness in soft muscles with normal 
mobility [2]. Contraindications for this procedure include trigger points that cannot 
be safely accessed by the needle, infection of the overlying skin, poorly controlled 
systemic illnesses that can delay healing or predispose to infection, bleeding disor-
ders, and patient refusal [1, 2].

3  Clinical Anatomy

Trigger points are described as “knots” or tight bands of muscle fibers found in the 
bodies of skeletal muscles. The most commonly involved muscles are the trapezius, 
splenii, cervical and lumbar paraspinal, quadratus lumborum, and sternocleidomas-
toid [3, 4]. Involvement of the trapezius muscle commonly results in headaches, 
shoulder, neck and arm pain [3]. Characteristic physical findings and ultrasound 
characteristics are outlined in Table 1 [5].

Table 1 Myofascial Trigger Point Characterization Using US examination and Diagnostic 
Criteria. (Reprinted with permission from Kumbhare D, et al. Ultrasound-guided interventional 
procedures: myofascial trigger points with structures literature review. Regional Anesthesia and 
Pain Medicine 2017; 42: 407-412)

MTrP characterization
Physical characteristics US examination
A taut band Spherical/Elliptically shaped or a bandlike area (Bmode)
Local tenderness upon 
palpation

Hypoechoic—appearing as darker gray areas (Bmode)

Local pain heightens with use Stiffer—reduced vibration amplitude (Elastography)
Pain recognition High peak systolic velocity and low diastolic peak systolic 

velocity than normal muscle tissue (Doppler)
Referred pain Retrograde diastolic flow (Doppler)
Local twitch response (LTR) Blood volume at MTrP increased (Doppler)
Restricted range of motion Increased outflow resistance/vasoconstriction (Doppler)
Reproducible pain pattern
Weakness without atrophy

The column on the left outlines the clinical and physical characteristics of myofascial pain syn-
drome and MTrPs. The column on the right shows the features of US imaging and what different 
US modes may display
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4  Equipment and Supplies

• 5 or 10 cc syringe
• 18 g blunt needle for withdrawing medication
• Medication of choice: commonly—0.25% or 0.5% Bupivacaine; 1% or 2% 

lidocaine
• 25–27 g Hypodermic needles. Length of 5/8″ to 1–1/4″
• Alcohol swabs or chlorhexidine swab
• Skin marker
• 2 × 2 or 4 × 4 gauze
• Band-aids
• Personal protective equipment—gloves and goggles
• Patient monitoring devices for blood pressure and pulse oximetry should be 

considered

5  Procedure

Have the patient identify the areas where they experience the most severe pain. To 
identify trigger points, palpate within the area for tightened knots/bands of muscle 
fiber. Palpation of the trigger point is usually painful and will often cause of the 
patient to wince, cry out, or withdraw. This is referred to as “jump sign” [6]. Once 
identified, mark the trigger point(s) with a skin marker.

Before performing the injections consider placing monitoring devices on the 
patient. Put on your gloves and eye protection. To perform the injection, start by 
using an alcohol swab or chlorhexidine swab to clean the site. Advance the nee-
dle perpendicular to the skin to a depth adequate to engage the trigger point 
within the muscle fiber; the patient may demonstrate a local twitch response 
(LTR) once the needle has been inserted into the trigger point. Aspirate to reduce 
risk of intravascular injection. Inject 1–2 cc of the chosen medication. Withdraw 
the needle and hold pressure with gauze over site if bleeding. Repeat at the next 
identified trigger point.

Another common procedure for trigger point release is called “dry nee-
dling.” Dry needling and trigger point injection are similar; however, dry nee-
dling uses smaller gauge needles to elicit a LTR without injecting a substance. 
A practitioner will insert the needle into the identified trigger point to elicit a 
LTR (Fig. 1).

One technique consists of rapidly advancing and withdrawing the needle through 
various positions within the trigger point to elicit as many LTRs as possible [7].

Trigger Point Injections
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Fig. 1 Dry Needling Technique. Dry Needling. A series of images are shown in which the myo-
fascial trigger point is identified, the needle is inserted in the myofascial trigger point using a swift 
tap, the muscle and surrounding fascia are probed with an up and down motion of the needle in a 
clockwise direction, and the needle is left in place for 1–2  min for full therapeutic benefit. 
(Reprinted with permission from Shah J. et  al. Myofascial Trigger Points Then and Now: A 
Historical and Scientific Perspective. PMR 2015; 7 (7): 746–761)

6  Ultrasound Technique

While the use of palpation is a popular modality to locate trigger points, there are 
other developing techniques utilizing ultrasound technology for identification and 
injection of trigger points. The most popular technology currently being studied is 
standard 2-dimensional ultrasound and vibration sonoelastography [5, 6]. Trigger 
points visualized under 2-dimensional ultrasound have been described as elliptical, 
round or band-like hypoechoic foci within the muscle fiber [5] (Figs. 2 and 3).

When utilizing ultrasound, from superficial to deep, the images depict skin, sub-
cutaneous tissue, fascia, then skeletal muscle [5]. The transducer should be aligned 
longitudinally along the course of the muscle fibers. Speckling might be apparent, 
which appears as small irregular white regions within the muscle fiber which may 
represent fascia, aponeuroses, or intramuscular adipose [5]. The ultrasound guided 
trigger point injection technique involves first palpating the area of tenderness. One 
should then scan the impacted muscle group to identify the trigger point via ultra-
sound. The trigger point should appear as a spherical or elliptical shaped object or 
band that is hypoechoic on B-mode of the ultrasound [5]. The clinician should then 
insert the needle using sterile technique at approximately a 30-degree angle and 
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Fig. 2 Ultrasound Image of myofascial trigger point. (Reprinted with permission from Kumbhare 
D, et al. Ultrasound-guided interventional procedures: myofascial trigger points with structures 
literature review. Regional Anesthesia and Pain Medicine 2017; 42: 407–412)

Fig. 3 US image demonstrating injection of the myofascial trigger point with the needle insertion 
track and alteration of the trigger point during injection. (Reprinted with permission from 
Kumbhare D, et al. Ultrasound-guided interventional procedures: myofascial trigger points with 
structures literature review. Regional Anesthesia and Pain Medicine 2017; 42: 407–412)

visualize the needle going into the trigger point. The injectate can then be delivered 
or dry needling can be employed. The physician should also look for the LTR. The 
physician may use the ultrasound to see if there is a change in the ultrasound appear-
ance of the trigger point [5]. The needle should be withdrawn and a Band-aid applied 
if warranted.
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Vibration sonoelastography uses ultrasound and a vibrational source to measure 
relative stiffness or viscosity of tissue and trigger points are thought to be stiffer, 
with reduced vibrational amplitude, when compared to surround muscle [5]. 
Unfortunately, there is not yet a consensus on the ultrasound findings for trigger 
points and further research is required [5, 6].

The use of ultrasound during trigger point injection could provide advantages. 
During needling or injection of the trigger point, the LTR can be viewed in real time. 
There is some evidence ultrasound use could be superior at detecting LTR at trigger 
point injections within deeper tissue [5], which is significant as evidence suggests 
that needling or injection that elicits LTR gives the most benefit [5]. Secondly, there 
is potentially increased safety using ultrasound to guide needling or injection to the 
appropriate location and avoid injections in unintended surrounding tissue.

7  Potential Complications and Adverse Effects

Trigger point injections are generally well tolerated by patients. However, adverse 
reactions and complications can occur on occasion. These include increased pain, 
infection, swelling, and bleeding at the injection site, intravascular injection, vaso-
vagal reaction, possible pleural puncture, and if local anesthetic is injected, Local 
Anesthetic Systemic Toxicity is possible [2].

Clinical and Technical Pearls.
• Be mindful of needle advancement in the thoracic region to reduced risk of pleu-

ral puncture and possible pneumothorax
• Steady the hand holding the syringe and needle by bracing it against the patient 

to reduce risk of unwanted needle motion if patient were to jump or move during 
insertion and injection

• After initial insertion subcutaneously, some practitioners advance the needle 
multiple times, without exiting the skin, in different directions through the iden-
tified trigger point to maximize stimulation of the local twitch response.

• There is currently no evidence showing an advantage of relieving myofascial 
trigger point pain between specific injection techniques or even an advantage of 
injecting medication, sometimes referred to as “wet needling,” compared to the 
technique of dry needleing [2, 8–10].

• There is no evidence showing an advantage in pain relief when comparing one 
medication to another, including additive such as steroids [2, 8].
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Bedside Ligamentous Injections

Paul K. Cheng and Tariq M. Malik

Essential Concepts
• One key cause of axial spine pain is ligamentous pain which is often caused by 

defects in ligament healing or ligament laxity
• Many ligaments in the spine can be targets for ultrasound-guided injections 

including the supraspinous and interspinous ligament in the cervical, thoracic and 
lumbar spine areas as well as the iliolumbar ligament and the ligaments around 
the sacroiliac area such as the sacrotuberous ligament, sacrospinous ligament, 
posterior sacroiliac ligaments, dorsal sacroiliac ligament, and interosseous sacro-
iliac ligament

• Common injectates include corticosteroids. Biologics or prolotherapy have been 
described as well.

• More research needs to be done to further evaluate outcomes and standardize the 
technique

1  Bedside Ligamentous Injections

 Overview

Musculoskeletal disorders are the most common source of chronic pain experienced 
by American adults and the single most common reason for patients to visit their phy-
sicians [1]. Among the many types of musculoskeletal pain, lumbar and cervical 
spine-related pain stand out as the two most common types for which adult patients 
seek medical intervention [1]. One key cause of axial spine pain that is oftentimes 
overlooked is ligamentous pain [2]. There are many ligaments connecting vertebral 
bodies together and each can be a source of pain. The true incidence is unknown and 
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there are no pathognomonic clinical features or any magnetic resonance imaging find-
ings that can definitively identify a ligament as source of pain. Diagnosis is often clini-
cal and based on circumstantial evidence, with patients complaining of vague localized 
pain with or without any radiation pattern. That being said, the diagnosis of ligament-
based pain can often be confirmed with a significant beneficial response to a low 
volume injection of local anesthetic-containing medication into the ligament itself.

2  Indications and Contraindications

Ligamentous pain occurs when a physiologic demand overwhelms structural integ-
rity of the ligament and causes acute injury such as a tear of the ligament [3]. Normal 
ligament healing involves retraction of the disrupted ends of the ligament and for-
mation of a hematoma, which is subsequently resorbed and replaced with a heavy 
cellular infiltrate [3]. Within this process, increased blood flow to the area brings 
fibroblasts that form a dense, cellular, and collagenous connective tissue matrix to 
bridge the torn ligament ends. As time progresses the collagenous material aligns, 
however, the collagen ratios remain abnormal to the point that cross-linking, inner-
vation, fibril diameters, and vascularity all remain altered [3]. Long-term ligament 
injury and related chronic pain are generally due to instability persisting after rou-
tine ligament healing or failures in the steps of acute ligament healing. Chronic liga-
mentous pain may also have a significant inflammatory component [4].

The literature involving ligamentous pain is quite sparse however research shows 
distinct areas that can contribute significantly to chronic spine pain. The supraspi-
nous and interspinous ligaments can lead to axial pain in the cervical, thoracic, and 
lumbar spine while atypical pain in the low back and buttock can stem from the 
iliolumbar ligaments [5]. Additionally, some case reports discuss ligamentous pain 
to be a key component of Baastrup’s disease, a condition otherwise known as “kiss-
ing spine disease” [2, 6], where the spinous processes of adjacent vertebrae come in 
contact with one another.

The incidence of Baastrup’s disease is thought to be 6.2–22.1% based on autopsy 
studies and though much debate exists as to where the pain originates, many theo-
ries point towards ligamentous pain or bursitis around the interspinous ligament 
which is compressed in this disease state. Case reports and studies accordingly dem-
onstrate pain relief with corticosteroid injections into the interspinous ligament for 
patients with Baastrup’s disease [2, 3, 6].

Ligamentous pain is the most common indication for ligamentous injection. The 
injection can be diagnostic (typically with local anesthetic only) or therapeutic (typ-
ically with local anesthetic and corticosteroid).

Contraindications for ligament injections include infection cellulitis/abscess 
over the site of injection, allergy to or intolerance to the injectate, including local 
anesthetic, corticosteroid, biologic agent, or concentrated glucose that is used for 
prolotherapy. Another absolute contraindication is patient refusal. Coagulopathy, 
including iatrogenic, and platelet dysfunction, including iatrogenic, are not contra-
indications to ligament injections [7].
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3  Clinical Anatomy

Throughout the cervical, thoracic, lumbar, and sacral portion of the spine there exist 
many different ligamentous structures which stabilize the spine and join adjacent 
vertebral segments (see Figs. 1 and 2) [8].
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(Ligamentum
costotransversarium
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Fig. 1 Ligaments of the cervical and thoracic spine, as labeled
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Fig. 2 Ligaments of the lumbar spine, as labeled
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Running vertically along the anterior and posterior surfaces of the vertebral 
bodies, the anterior and posterior longitudinal ligaments re-enforce the alignment 
of the vertebral bodies and intervertebral discs. The triangularly shaped ligamen-
tum flavum lines the posterior aspect of the spinal canal while the interspinous 
ligament and supraspinous ligament, two key targets for interventional proce-
dures, connect adjacent spinous processes [8]. Lower down in the lumbar spine, 
the iliolumbar ligaments connect the iliac crest to the transverse process of L4 and 
L5. Further down in the sacrum, multiple ligaments exist which stabilize the sac-
roiliac area including the sacrotuberous ligament, sacrospinous ligament, poste-
rior sacroiliac ligaments, dorsal sacroiliac ligament, and interosseous sacroiliac 
ligament (Fig. 3).
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Fig. 3 Ligaments of the sacrum and pelvis, as labeled
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4  Equipment and Supplies

Ligamentous injections can be easily performed at the bedside. An antiseptic solu-
tion, typically 4% chlorhexidine, 22–25 Gauge 1.5–3.5-inch needle, 5–10  ml 
syringe for injectate, mask, and sterile gloves should be typically prepared for this 
procedure. Local anesthetic with or without corticosteroids is typically prepared for 
this injection as well. Other types of injectates will be discussed further in the chap-
ter. Normal saline or local anesthetic can be utilized for ultrasound guidance during 
hydrolocalization. An ultrasound unit with a high-frequency linear transducer will 
be typically needed (Table 1).

5  Ligamentous Injections, Landmark, 
and Ultrasound-Guided Techniques

Ligamentous injections are usually reserved for patients that have chronic pain 
which persists despite a 4–8 week trial of conservative measures [7]. Usually involv-
ing corticosteroids mixed with local anesthetics, these injections can alternatively 
involve injection of sclerosing or regenerative substances.

These injections can be performed based on the landmark techniques, however, 
ultrasound guidance is recommended for these procedures as studies show that non- 
image guided injections are frequently placed outside the target area of treatment, 
and ultrasound (US) can help visualize various structures including the ligaments 
themselves and the surrounding muscles, tendons, and nerve tissue, vessels, and 
lungs allowing for a safer injection technique [7].

 Ultrasound-Guided Interspinous and Supraspinous Injection

The supraspinous and interspinous ligament injection can be done throughout the cer-
vical, thoracic, and lumbar spine however we will use the lumbar spine to demonstrate 

Table 1 Equipment and supplies

Antiseptic 4% chlorhexidine or 10% povidone-iodine (Betadine)
Ultrasound probe 5–20 MHz linear probe, with sterile cover and sterile gel
Syringes 5–10 ml
Needle 22–25 gauge

1.5–3.5 in.
Injectate for hydrolocalization or 
hydrodissection

Normal saline or local anesthetic

Injectate Local anesthetics 0.25–0.5% bupivacaine
0.5% Ropivacaine
1–2% lidocaine

Corticosteroids Triamcinolone 10–40 mg
Dexamethasone 4–10 mg
Methylprednisolone 80–120 mg
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the basic technique. With the patient in seated or prone position with some flexion of 
the lumbar spine, use the low frequency curvilinear transducer in both the midline 
longitudinal orientation (see Fig. 5) and the transverse orientation (see Fig. 6) to visu-
alize the supraspinous and interspinous ligaments. In the longitudinal midline view 
(see Fig. 5), the first hyperechoic line visualized is the thoracolumbar fascia and deep 
to this line, the spinous processes appear as a set of hyperechoic peaks. The supraspi-
nous ligament connects the tips of spinous processes together while the interspinous 
ligament connects the bodies of adjacent spinous processes. These ligaments are vis-
ible in the ultrasound image as hyperechoic structures made of parallel fibrils [5]. In 
the midline transverse view (see Fig. 6), each individual spinous process appears as a 
convex hyperechoic line with posterior acoustic shadowing [5]. Cranial and caudal tilt 
can be used to optimize the image by moving the transducer until its angle is parallel 
to the corresponding spinous process and interspace. On either side and deep to the 
spinous process, the laminae of the vertebrae produce two horizontal hyperechoic 
lines with posterior acoustic shadowing and lateral to each lamina exists the facet. 
Though it is harder to visualize, the facet joint has a distinctive hypoechoic zone, 
which is the joint capsule, sandwiched between two hyperechoic bony structures [5]. 
Laying in the convexities of the spine formed by the lamina are the paraspinal mus-
cles, which can be inadvertently injected if the transducer shifts away from the mid-
line. The deep and most hyperechoic mass is the multifidus muscle while the 
more-superficial mass is the erector spinae muscle group, consisting of the iliocosta-
lis, longissimus, and spinalis [5]. Interestingly, the epidural space and spinal canal 
may be visible in this view if the interspinous space is sufficiently wide [5].

Using an out-of-plane technique in either the longitudinal or transverse views, or tog-
gling between the two, introduce a needle into the supraspinous or interspinous liga-
ment. Once the needle tip is confirmed to be located into the body of the ligament, inject 
the solution of choice carefully under direct visualization. As ligaments are generally 
dense structures, significant feedback or resistance while injecting should be expected.

The technique described above can be applied to the cervical and thoracic spine 
as well with some key considerations (see Fig. 4).

Fig. 4 Longitudinal ultrasound view of the cervical spine. Visualized are the C1 and C2 spinous 
processes as well as the supraspinous ligament (SL), nuchal line (NL), and the base of the skull (B)
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In the cervical spine, either the low-frequency or high-frequency probe can be 
used for relatively thin patients. The linear high-frequency probe can provide greater 
resolution as the cervical vertebrae and associated ligaments are located more 
superficial than in the lumbar region. In the thoracic spine, the spinous processes 
take a sharper caudal angulation so a strong tilt on the US transducer for the trans-
verse view is required to match that angle and better visualize the ligamentous 
structures.

 Ultrasound-Guided Iliolumbar and Sacral Ligament Injections

Another target or ligamentous injection is the iliolumbar ligament, which connects 
the transverse process of L4 and L5 to the posterior portion of the iliac crest [5, 9]. 
With the patient in prone or seated position with some flexion of the lumbar spine, 
use the low frequency curvilinear transducer in the midline longitudinal and trans-
verse orientation and with the technique described above, identify the L4 and L5 
spinous processes. Then in the transverse orientation, move the transducer superior 
and lateral until the transverse process, which appears as a hyperechoic bony struc-
ture more superficially-located than the lamina, and the edge of the iliac crest are 
visualized (see Fig. 5).

The iliolumbar ligament is the narrow hyperechoic band connecting the trans-
verse processes and iliac crest, deep to the erector spinae muscles, and it can be 
injected using either in-plane or out-of-plane technique [5].

The final areas for ligamentous injection are the sacral area ligaments which 
include the sacrotuberous ligament, sacrospinous ligament, posterior sacroiliac lig-
aments, dorsal sacroiliac ligament, and interosseous sacroiliac ligament (see 
Figs. 3 and 6).

Fig. 5 Transverse ultrasound view of the iliolumbar ligament (ILL). Also visualized are the trans-
verse process (T) and the iliac crest (IC) which serve as attachment points for the iliolumbar liga-
ment and the spinous process (SP) of the associated lumbar vertebra
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Fig. 6 Ultrasound image of the posterior longitudinal ligament (PSIL). The probe is oriented along 
the course of the PSIL, which is visualized attaching to the posterior superior iliac spine (PSIS)

With the patient in seated or prone position, orient the linear transducer, or cur-
vilinear transducer for patients with larger habitus, along the course of each liga-
ment. Just like the other ligaments described previously, the ligaments around the 
sacrum appear as hyperechoic bands with made of parallel fibrils. Advance a needle 
in the in-plane or out-of-plane technique into the body of the ligament structure and 
inject under direct visualization, making sure to keep superficial to the cortex of the 
sacrum, which will appear as a thin hyperechoic line with acoustic shadowing [5].

6  Ligamentous Injections, Various Injectates

 Corticosteroids

Corticosteroids are widely used to treat the inflammatory component of chronic 
ligamentous pain [3, 4]. Often mixed with local anesthetics such as bupivacaine or 
lidocaine, the corticosteroids provide significant short-term analgesia, usually on 
the order of weeks, and can be repeated multiple times annually. However, some 
research suggests adverse effects of corticosteroids on ligament function as they can 
inhibit collagen synthesis and potentially weaken the ligaments of the spine in the 
long term [3, 6].
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 Prolotherapy

Prolotherapy consists of injecting an irritant or sclerotic solution into a soft tissue 
structure to produce a low-grade inflammatory reaction that initiates healing of the 
damaged tissue through stimulation of fibroblastic proliferation and collagen growth 
[1, 3, 10]. In its application for pain treatment, prolotherapy is thought to treat liga-
ment laxity which is the source of chronic ligamentous pain and lead to rehabilita-
tion of the incompetent structure [3].

Two main types of prolotherapy solution are described—hypertonic dextrose 
solutions and sclerosing agents. Hypertonic dextrose solutions act by dehydrating 
cells at the injection site leading to local tissue trauma which attracts granulocytes 
and macrophages to initiate the inflammatory process. Concentrations higher than 
10% are used since less-concentrated solutions do not incite an inflammatory reac-
tion [1]. Sclerosing agents, such as glycerin and phenol, are direct chemical irritants 
that initiate a controlled acute inflammatory response [1, 10]. Of the two, sclerosing 
agents are the best-studied prolotherapy agents [3].

Dating back to the 1930s, prolotherapy has been increasing in popularity over the 
past few decades. It has been studied for many applications of chronic musculoskel-
etal pain including spine pain with prolotherapy injections directed towards the 
supraspinous and interspinous ligament as well as the sacroiliac area ligaments [1, 
3, 10]. It is important to note, however, that research differs considerably in the 
recommended treatment protocol, particularly the solution injected and the total 
number and frequency of injections [10]. The most commonly injected agent is 
hypertonic dextrose with volumes ranging from 1–30 ml injected a total of 1–10 
times. The frequency ranges on the order of once weekly to once monthly [10]. 
Additionally, some protocols also describe additional steps to the prolotherapy 
treatment including needling of the soft tissue prior to injection of the chosen solu-
tion. Finally, adverse events are not uncommon for this procedure and include tem-
porary increase in pain or stiffness in the target area, headache, nausea, diarrhea, 
vertigo, and cough [10].

 Platelet-Rich Plasma

An increasingly popular modality, platelet-rich plasma (PRP) injections, have been 
used since 1987 for regeneration and augmentation of wound healing [3]. PRP con-
sists of plasma containing high concentrations of platelets which is centrifuged 
from autologous blood obtained via venipuncture immediately prior to injection. 
Platelets contain a large number of key signal proteins, growth factors, chemokines, 
cytokines, and other bioactive factors that initiate and regulate the inflammatory 
cascade [3, 4] They are thought to stimulate proliferation and differentiation of mes-
enchymal stem cells at the injury site, such as within a ligament of the spine, and 
thereby cause structural healing of the ligament [3]. PRP injections are particularly 
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useful for anatomic structures that typically receive less blood flow including liga-
ments, tendons, and intervertebral discs. Currently the research on PRP is more 
geared towards treatment of tendinopathy but there is some early evidence for use 
of PRP to treat ligamentous injury. That being said, much of the research involves 
ligaments of the knee and not the spine [3, 4].

 Potential Complications

Reported adverse reactions include pain and ecchymosis at the injection site, inflam-
matory flare reaction, infection, vasovagal reaction, intolerance of the injectate, ana-
phylaxis, subcutaneous tissue atrophy from local anesthetics, or steroids, skin 
depigmentation, vascular dementia, pneumothorax, and nerve damage [7, 8].

 Conclusion

Though the literature on this technique is in its infancy, ultrasound-guided ligamen-
tous injection in the spine can be a useful modality through which physicians can 
address a significant subsect of axial back pain. It holds potential for pain relief as 
well as regeneration of key anatomic structures which stabilize the spine. Key target 
sites for intervention include the interspinous, supraspinous, and iliolumbar liga-
ments as well as the ligaments surrounding the sacrum. More research is needed to 
fully elucidate the outcomes for this type of injection and determine best practices 
and standard technique for this promising procedure.
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Paravertebral Blocks

Brian L. Hom, Scott Masson, and Ankit Maheshwari

Essential Concepts
• The paravertebral block is a bedside pain intervention that involves injecting 

local anesthetic in the paravertebral space to treat acute and chronic pain origi-
nating from the chest or abdomen.

• Paravertebral blocks can be performed in the thoracic or lumbar region of 
the spine.

• Paravertebral blocks may be performed using a traditional landmark technique. 
However, the ultrasound technique has several advantages including greater pre-
cision and therefore, less complications.

• Complications are relatively low. Most common complications may include 
hypotension, vascular puncture, pleural puncture, pneumothorax, injection of 
local anesthetic into intravascular, epidural, or intrathecal space.

1  Paravertebral Blocks

 Overview

The paravertebral block is a technique that was first performed in the early 1900s for 
thoracic surgeries but fell out of favor from the 1950s to 1970s. The technique is 
primarily used as an adjunct therapy for pain but has been used as a sole anesthetic 
in certain cases. The technique is easily performed at the bedside with either tradi-
tional (landmark based) or ultrasound technique. Lumbar paravertebral blocks are 
similar to thoracic paravertebral blocks, but are less commonly used in clinical prac-
tice. There are anatomic differences in the lumbar and thoracic paravertebral spaces 
which affect the procedural technique. Lumbar and thoracic paravertebral blocks 
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can be used in combination (i.e., thoracolumbar paravertebral block) depending on 
the indication and dermatomal coverage requirements.

 Indications and Contraindications

Paravertebral blocks may be used for a variety of procedures as described in 
Table 1 below.

The most common use of the thoracic paravertebral block is for postoperative 
analgesia for breast surgery, thoracic surgery, rib fractures, and nephrectomy. 
Thoracic paravertebral blocks (TPVB) may be preferred over thoracic epidurals 
when minimization of hypotension is desired. Unilateral paravertebral technique 
preserves respiratory and sympathetic function on the contralateral side and reduces 
hypotension compared to thoracic epidural [1]. Lumbar paravertebral blocks are 
typically used in combination with TPVB (T10 through L2) for surgical anesthesia 

Table 1 Indications for Thoracic and/or Lumbar Paravertebral Blocks2

Anesthesia
   Breast surgery
   Heniorrhaphy (thoracolumbar anesthesia)
   Chest wound exploration
Adjunct therapy for pain regimen post operatively
   Thoracotomy
   Thoracoabdominal esophageal surgery
   Video-assisted thoracoscopic surgery
   Renal surgery
   Breast surgery
   Cholecystectomy
   Liver resection
   Appendectomy
   Cardiac surgery
Chronic pain management
   Benign and malignant neuralgia
   Cancer pain
   Complex regional pain syndrome
Other
   Postherpetic neuralgia
   Thoracoabdominal neuralgia
   Pleuritic chest pain
   Rib fractures
   Hyperhydrosis
   Liver capsule pain after blunt abdominal trauma
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Table 2 Contraindications to Paravertebral Blocks [2, 3]

Absolute contraindications
   Infection at injection site
   Allergy to local anesthetic
   Empyema
   Neoplastic mass occupying paravertebral space
   Patient refusal
Relative contraindications
   Coagulopathy
   Bleeding disorder
   Patient taking anticoagulation medication
   Abnormal thoracic anatomy (i.e., kyphosis)

during inguinal herniorrhaphy. It may be beneficial as rescue block in patients with 
severe pain after total hip replacement. It may also be used for diagnostic purposes 
during evaluation of groin or genital pain, such as nerve entrapment syndrome after 
inguinal herniorrhaphy. Contraindications for paravertebral blocks are similar for 
thoracic and lumbar paravertebral blocks as listed in Table 2.

 Clinical Anatomy

The thoracic paravertebral space (TPS) is a wedged shaped, extra-pleural, potential 
space located on bilateral sides of the spinal column. It is defined posteriorly by the 
superior costotransverse ligament, anterolaterally by parietal pleura, medially by 
the vertebra and intervertebral foramen, and inferiorly and superiorly by the heads 
of the ribs [2]. The TPS contains adipose tissue and within it contains the intercostal 
(spinal) nerve, dorsal ramus, intercostal vessels, gray rami communicantes, and 
anteriorly, the sympathetic chain. The spinal nerves are bundled, but lie freely in the 
adipose tissue, making them susceptible to local anesthetic solutions (Fig. 1).

The lumbar paravertebral space (LPS) borders include the psoas major muscle 
anterolaterally, vertebral bodies and intervertebral discs medially, and the transverse 
process and ligaments connecting adjacent transverse processes posteriorly [3]. The 
LPS is primarily occupied by the psoas major muscle. The psoas muscle is sepa-
rated by a thin fascia into two parts near the vertebral body. The target of the injec-
tion is within this fascial layer, which is where the spinal nerve roots lie in 
conjunction with the ascending lumbar veins. A lumbar paravertebral block pro-
duces ipsilateral dermatomal anesthesia by direct effect on lumbar spinal nerves and 
medial extension into epidural space by the intervertebral foramen.
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Fig. 1 Horizontal Cross section of Thoracic Paravertebral Space, as labeled

 Equipment and Supplies

Thoracic and lumbar paravertebral blocks are easily performed at the bedside. 
Standard monitors including ECG, pulse oximeter, and blood pressure cuff should 
be used to monitor the patient throughout the block. Mild sedation, with either a 
benzodiazepine or opioid, while not preferable, could potentially be employed for 
patient comfort. The sedation would require appropriate monitoring.

Materials required to perform paravertebral blocks include an ultrasound with a 
linear or curvilinear transducer, Tuohy needles, and local anesthetic solution. 
Anesthetic solution should be chosen based on duration of analgesia desired from the 
blockade. Commonly used local anesthetics include 2% lidocaine, 0.5–0.75% ropiva-
caine, and 0.5% bupivacaine. About 20 mL of the chosen anesthetic will be required 
to perform either the single injection or multiple injection technique (Table 3).
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Table 3 Required supplies for Paravertebral Blocks

Syringe 10 mL syringe
Needle 25 gauge needle for skin infiltration with short acting local anesthetic

18–20 gauge echogenic Tuohy needle
Anesthetic 0.25–0.5% bupivacaine ± epinephrine

1–2% lidocaine
0.5–0.75% Ropivacaine

2  Paravertebral Block, Landmark Technique

Paravertebral blocks are typically performed in the sitting position, due to better 
visualization of surface anatomy. The spine should be curved into a kyphotic posi-
tion. They may also be performed prone or lateral as well. Palpate the superior and 
inferior border of the scapula. The superior border of the scapula approximates to 
T3 and the inferior border approximates the T7 vertebrae. Palpation of the spinous 
processes from these landmarks to the target level is best to determine entry site 
in a cranial/caudad direction. After identifying the cranial/caudal level in ques-
tion, skin markings are made about 2.5  cm lateral to midline. A 18–20 gauge 
Tuohy needle is inserted perpendicular to skin and advanced until contact is made 
with the transverse process. Afterwards, withdraw the needle and direct it cau-
dally approximately 1 cm. Loss of resistance may be felt after the needle pene-
trates the costotransverse ligament. Aspirate the needle and make sure there is no 
CSF, blood, or air. If negative aspiration, inject local anesthetic in 3–5 mL ali-
quots with aspiration in between until the target volume of 15–20 mL is adminis-
tered [3, 4]. The depth of the transverse process is difficult to assess with the 
landmark technique.
• Similar to thoracic paravertebral blocks, lumbar paravertebral blocks can be per-

formed in the sitting, lateral, or prone position. The iliac crest corresponds to the 
L3-L4 interspace. Skin markings are made 2.5 cm lateral to midline at the levels 
to be blocked. An 18–20 gauge Tuohy needle is used. The most common method 
is a fixed distance technique where the needle is advanced by a predetermined 
distance of about 1.5–2.0 cm beyond the transverse process. The block needle is 
inserted perpendicular to skin until transverse process is contacted. Depth of the 
transverse process varies by patient body type. After the transverse process is 
contacted, note the depth on the needle and advance 1.5–2.0 cm beyond the pre-
viously marked depth. Withdraw the needle to subcutaneous tissue and reinsert 
either 10–15 degrees superior or inferior so that it slides off the edge of the trans-
verse process. Aspirate and monitor for blood or CSF.  Inject local anesthetic 
after negative aspiration. Target volume at this level is similar to TPVB, approxi-
mately 10–15  mL.  While paravertebral block can be performed utilizing the 
landmark-based technique, ultrasound- guided technique would be a preferable 
option for this procedure.
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3  Ultrasound Technique

The ultrasound technique has several advantages over the traditional technique. It 
allows precision through visualization of the needle and reduction in complications. 
Identify spinous processes C7 to T7. Orient the ultrasound transducer with linear 
array in the parasagittal plane adjacent to the spine. Identify the transverse process, 
head of the rib, costotransverse ligament and pleura. The bright white line at the 
bottom of the image indicates the pleura. (Figs. 2 and 3) Between the pleura and 
transverse processes is the paravertebral space. The paravertebral space may be 
approached in the parasagittal plane caudal to cephalad or lateral to medial in the 
transverse plane [2].
• Insert the needle at a 45-degree angle. Note the approximate distance of paraver-

tebral space on ultrasound to guide depth of needle insertion. Insert the needle 
until it reaches the transverse process. Redirect the needle through the costo-
transverse ligament into the paravertebral space. Visualize the needle in plane to 
avoid advancement into the pleura. Inject local anesthetic and observe downward 
displacement of the pleura. A single injection or multiple injection technique 
may be used, depending on the extent of the block. In the multiple injection tech-
nique, injections occur in alternate levels (T2/4/6 or T3/5/7). Multiple injection 
technique produces more reliable radiographic and clinical distribution com-
pared to a single injection technique [5]. However, single shot technique may be 

Fig. 2 Transverse view of paravertebral space. Ultrasonogram, as labeled TP-transverse process
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Fig. 3 Ultrasound parasagittal view of the paravertebral space, as labeled TP-transverse process

sufficient for postoperative analgesia or chronic pain. Inject 3–5 mL at each level 
for multiple injection technique. For the single injection technique, a larger vol-
ume of local anesthetic may be injected. Inject 15–20 mL in 5 mL increments 
with aspiration between injections. The sensory distribution will typically cover 
four to five dermatomes this volume. Visualize the spread of local anesthetic 
caudad and cephalad on ultrasound.

4  Potential Complications and Adverse Effects

Overall, complications are relatively low. They vary from 2.6% to 5% [4, 6]. The 
most common complications include hypotension (4.6%), vascular puncture (3.8%), 
pleural puncture (1.1%), and pneumothorax (0.5%). Paravertebral blocks are 
reported to have fewer minor complications such as hypotension, nausea, vomiting, 
and urinary retention without a difference in mortality or length of stay than tho-
racic epidurals [1]. Failure of paravertebral blocks in adults is estimated at 10.1% 
[7]. Hypotension is rare in euvolemic patients if the block is performed unilaterally 
because sympathetic function is preserved on the contralateral side. However, para-
vertebral blocks should still be used in caution in patients who are hemodynami-
cally unstable because there is some risk of hypovolemia.
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Pleural puncture is a potentially serious complication of thoracic paravertebral 
blocks. Signs that suggest pleural puncture may be significant loss of resistance 
after the needle enters the chest cavity, cough, sharp chest or shoulder pain, or sud-
den hyperventilation. Air cannot be aspirated through the needle unless the lung is 
also punctured or there is air in the pleural cavity. Pneumothorax may be delayed in 
onset and an early chest radiograph may not detect it. Systemic local anesthetic 
toxicity can occur due to inadvertent intravascular injection or from using large dose 
of local anesthetic. Dosage should be adjusted in elderly and frail patients. An epi-
nephrine containing local anesthetic solution may be useful for early recognition of 
intravascular injection and reduce absorption of local anesthetic into the systemic 
circulation. Inadvertent epidural, subdural, or intrathecal injection and spinal anes-
thesia can occur. This is more likely when the needle is directed medially. Aspiration 
test should be performed before injection. Local anesthetic can spread cephalad to 
the stellate ganglion or to the preganglionic fibers of the first few segments of tho-
racic spinal cord. Bilateral Horner’s syndrome has been reported likely due to epi-
dural spread or prevertebral spread to contralateral stellate ganglion.

Contraindications for lumbar paravertebral block is similar to thoracic paraverte-
bral blocks. Perform with caution in patients on anticoagulation due to risk of psoas 
hematoma with lumbar plexopathy. It is possible to inject local anesthetic into intra-
vascular, epidural, or intrathecal spaces during LPVB, especially if the needle is 
directed medially. Monitor to ensure needle is perpendicular to skin. Intraperitoneal 
injection or visceral injury (kidney) could occur if there was significant technical 
error. Motor weakness may develop if L2 spinal nerve is blocked (femoral nerve 
L2-L4), resulting in quadriceps weakness.

Clinical and Technical Pearls
• Awareness of needle tip location is essential to avoid pleural puncture or entry 

into the intervertebral foramen.
• Anterior displacement of parietal pleura indicates correct needle tip location in 

all ultrasound guided TVPB techniques
• Injecting saline can be useful to help assess proper needle tip location when 

anatomy on ultrasound is unclear
• Signs of pleural puncture may be significant loss of resistance after the needle 

enters the chest cavity, cough, sharp chest or shoulder pain, or sudden 
hyperventilation
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Interfascial Plane Blocks

Serkan Tulgar and Hesham Elsharkawy

Essential Concepts
• Interfascial plane blocks are a recently described ultrasound-technique with 

expanding indications for acute on chronic pain.
• The target for interfasical plane blocks are peripheral nerves that typically travel 

in the interfascial plane.
• Ultrasonography allows for direct visualization during the procedure resulting in 

a lower complication rate.

1  Overview

Interfascial plane blocks (IPB) were first defined as blind techniques used for post-
operative analgesia but have since transformed into ultrasound-guided(USG) tech-
niques that are safe and easy to perform [1, 2]. “Fascia” is an anatomical term that 
defines a spectrum of undifferentiated mesenchymal tissues that act like a packing 
material wrapped around organs and tissues of the body. Fascia has mechanical 
properties and also serves as an exoskeleton. It plays an important role in venous 
return, perception of movement and position of the body via proprioceptors, and 
transmission of muscle force. Importantly, it plays a role in the pathophysiology of 
pain because of its rich innervation. There are two types of fascia: superficial and 
deep. Superficial fascia can be seen as a cutaneous muscle layer found in mammals. 
The fascia serves as part of the exteroceptive system that responds to stimuli from 
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outside the body. This feature relates to the ample amount of nerve fibers that adhere 
to the fascia on bony prominences and at various ligamentous folds.

Additionally, muscles give fascial insertions into the deep fascia that cause the 
deep fascia to stretch upon contraction [3]. Deep fascia surrounds all muscles, liga-
ments, and aponeuroses and is typically named according to the anatomic location 
of its respective muscle group. After separating from the nerve roots, nerves gener-
ally course between the fasciae of two muscles. Interfascialplane nerve blocks do 
not target nerves directly as peripheral nerves blocks do. These blocks work only if 
enough volume of local anesthetic (LA) is injected into the interfascial space. These 
procedures lead to the relaxation of muscles in the case of nerve entrapment syn-
dromes. Aside from neuropathic pain, other types of pain, such as myofascial pain, 
can also be relieved by IPB. Hydrodissection performed as a part of the block can 
also lead to relief of myofascial pain due to the effect of the IPB on fascial adhesions 
[4]. Other mechanisms include the spread of local anesthetics proximally and dis-
tally along the peripheral nerves, sympathetic blockade, neuraxial spread, systemic 
LA absorption, and placebo effect.

Domingo et al. [5] reported the anatomical-histological features and clinical suc-
cess of (LA) application between the trapezius muscle and the levator scapula or 
rhomboid major muscles for the treatment of myofascial pain. This report was the first 
to present ultrasound-guided IPB for chronic pain. After that, IPB was reported to 
relieve chronic pain associated with various painful head, neck, and back conditions. 
Shortly after discovering the clinical value of USG IPB, these procedures become a 
common way to help patients with acute and chronic pain. Ultrasound- guided inter-
fascial plane blocks were recently described and continue to evolve. As with some 
other procedures, clinicians don’t have a complete consensus regarding the technique, 
volume, content, and application level [6–9]. Erector spinae plane block (ESPB) is a 
commonly performed IPB. This block will be discussed in detail below. The other 
IPBs will be presented briefly due to the limited scope of this chapter. More about 
IPBs can be found in the “additional reading” section at the end of this chapter.

2  Erector Spinae Plane Block

 Anatomy

Erector spinae muscles (ESM) are a group of muscles that keep the body erect and 
are formed by the spinalis (multifidus), longissimus, and iliocostalis muscles in the 
cervical, thoracic and lumbar areas. Deep to the ESM is an interfascial plane 
between the transverse vertebral process and the ESM, in which the application of 
LA is termed an erector spinae plane block (ESPB). Although ESPB application is 
defined as applying LA in the interfascial plane between the ESM muscle and the 
transverse process, the target of the needle is not the transverse process. Injecting 
just under the ESM muscle between the intertransverse ligament and the ESM mus-
cle is acceptable, assuming that the craniocaudal spread can be verified 
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sonographically. ESPB targets the branches of both the dorsal and ventral rami of 
the spinal nerves. While the dorsal rami of spinal nerves give rise to lateral and 
medial branches in the thoracic vertebral levels, they give rise to the lateral, medial, 
and intermediate branches at the lumbar level [10]. If the goal is to block only the 
dorsal ramus for analgesic purposes, injected LA volume should be less than with 
typical ESPB for postoperative analgesia. The concern is the possibility of the 
remote spread, including craniocaudal, with the large volume of local anesthetic. It 
can also spread into the ventral rami and neuroaxis [11–13].

The greater occipital nerve is formed by the dorsal ramus of the second cervical 
spinal nerve (C2) with variable contributions from the C1, C3, and C4 nerve roots. 
The dorsal ramus of the C3 forms the third occipital nerve. The lesser occipital 
nerve originates from the lateral branch of the ventral ramus of C2 and sometimes 
branches from C3. Theoretically, the ESP in the upper cervical area can block the 
dorsal and ventral rami that form the occipital nerves. Further research of the ESPB 
for head and neck pain would be beneficial.

 Indications and Contraindications

The erector spinae plane block can be performed at various vertebral levels. 
Myofascial pain and tension headaches that are not responding to conventional 
treatment modalities are potential indications for cervical and upper thoracic ESPB 
[14–16]. These blocks have also been used for low back pain [17]. These procedures 
also have been used for cluneal nerve entrapment and lumbosacral radiculopathies 
[18–20]. IPB can be used in the lumbosacral region with high volumes of local 
anesthetic. In our opinion, the IPB can be used when transforaminal epidural injec-
tions are challenging. The spread of LA has been confirmed with MRI-demonstrating 
ipsilateral and contralateral epidural spread [21].

The interfascial plane block is contraindicated in patients with local or systemic 
infection, allergy, or intolerance to injectate’s components. The patient’s refusal is 
an absolute contraindication as well. Anticoagulation, including iatrogenic and 
platelet dysfunction, including iatrogenic, are typically not contraindications for 
these procedures. However, a careful review of the case should be performed, fol-
lowed by a detailed discussion with the patient.

 Equipment

Although a blind ESPB has been reported, the USG ESPB is safer and should be 
preferred. A high-frequency linear ultrasound transducer for the thoracic levels and 
low-frequency curvilinear transducers for the lumbar and sacral regions may be 
used. A 1.5–3.5 inch needle, 10–20 mL syringe, LA solution (0.25–0.5% bupiva-
caine, 0.2% ropivacaine, or 1–2% lidocaine) with or without corticosteroid are typi-
cally used. The same types of injectate are recommended for other IPBs.
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 Technique

The level of the block must be carefully considered to match the indication. 
Indications and application levels are shown in Table 1, and the probe and needle 
positioning and the ultrasonograms are presented in Fig. 1.

The USG transducer is placed 2.5–3  cm lateral of the spinous process in the 
thoracic level, 4–6 cm lateral to the spinous process in the lumbar levels in the lat-
eral parasagittal plane in order to visualize the transverse process. After identifying 
the transverse process and ESM superficial to the transverse processes, LA is 
administered between the transverse process and the ESM.  The needle may be 
advanced using in-plane or out-of-plane techniques. While many authors suggest 
cephalad to caudal in-plane approach, the out-of-plane technique may be used. 

Table 1 Samples of published cases in erector spinae plane block for head, neck and back pain

Reference Indication

Level of 
the 
injection Medications Comments

Ueshima 
and Otaka 
[16]

Tension 
headache - two 
patients

Thoracic 
(T4)

15 mL of 0.25% 
levobupivacaine, bilaterally

Null

Tulgar 
et al. [14]

Lower cervical 
and 
interscapular 
myofascial pain, 
one patient

Thoracic 
(T3)

Bilaterally, (10 mL 0.5% 
bupivacaine, 5 mL 2% 
lidocaine and 8 mL 
isotonic NaCl and 
40 mg/2 mL 
methylprednisolone)

8w followup, NRS:0/10

Piraccini 
et al. [15]

Myofascial pain 
in the right 
dorsal 
paravertebral 
region from T4 
to T11

Thoracic 
(T8)

Levobupivacaine 45 mg 
and triamcinolone 40 mg 
within 15 mL of normal 
saline

We weekly repeated the 
injection 2 more times. 
The NRS decreased to 
2 and the patient was 
able to start a 
satisfactory 
physiotherapy and 
return to the previous 
work

Schwarts 
et al. [22]

Discogenic low 
back pain 
L3-L4, L4-L5, 
L5-S1
One patient

Lumbar 
(L4?)

The total injectate 
consisted of, 30 mL of 
0.2% ropivacaine was 
mixed with 5 mg of 
preservative free 
dexamethasone. 
(bilaterally)

80 percent pain relief 
over a 6-week period

Piraccini 
et al. [19]

L5 radicular 
pain
-one patient

Sacral 
(S2)

15 mL of solution 
containing ropivacaine 
30 mg and triamcinolone 
40 mg

NRS:0 after injection 
and <4 for first 7 days

Celik et al. 
[21]

L3–4 and L4–5 
discopatie
-one patient

Lumbar 
(L4)

20 mL bupivacaine, 10 mL 
lidocaine, 8.6 mL saline, 
40 mg/mL 
methylprednisolone 1 mL, 
and 0.4 mL gadobutrol

NRS ≤3/10 8w after 
injection, MRI 
demonstrated contrast 
in epidural area
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a

b

c

Fig. 1 Probe and needle positioning for erector spinae plane blocks (ESPB) at different vertebral 
levels. (a) Thoracic ESPB with ultrasonogram on the right. (b) Lumbar ESPB with ultrasonogram 
on the right. (c) Sacral ESPB with ultrasonogram on the right. TM trapezius muscle. RMM rhom-
boid major muscle. ESM erector spinae muscles. ICM intercostal muscles. T thoracic vertebrae. L 
lumbar vertebrae. Arrows: needle directions and injection targets
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Tulgar and Aksu described additional, other than parasagittal approaches [7]. In 
Tulgar’s approach, some of the LA during lumbar ESPB is injected deep to, and into 
the intertransverse ligament. In Aksu’s approach, the transverse scan (Shamrock 
technique) is used with the patient in the lateral position for lumbar ESPB. In sacral 
ESPB, the transducer is placed on the sacrum on the transverse or sagittal plane, and 
the LA is injected between the intermediate sacral crest and ESM and ligaments.

 Potential Complications and Adverse Effects

Pneumothorax, motor weakness, minor and advanced LA toxicity have been reported 
with the ESPB. Other potential complications with this procedure include temporary 
dizziness, disorientation, priapism, and Harlequin syndrome resulting from the T2–3 
inadvertent sympathetic block [7, 23]. No nerve injury has been reported. Although 
bleeding was not described with the ESPB, special attention should be exercised in 
patients with coagulation problems, antiplatelet and anticoagulant use.

3  Rhomboid Block (RB) and Rhomboid: Sub Serratus 
Plane Block (RSS)

 Anatomy

The rhomboid minor muscle is found between the C7-T1, and the rhomboid major 
muscle is located between the T2–5 spinous processes and the medial aspect of the 
scapula. In some cases, it can be seen as a single blended muscle instead. Local anes-
thetic, injected into the fascial plane between the rhomboid muscles and the intercos-
tal muscles over the ribs, blocks the lateral cutaneous branches of intercostal nerves. 
It also blocks the dorsal rami via dorsolateral LA spread [8, 24]. Dermatomal cover-
age is generally limited to T2-T7. The application of LA between the serratus and 
intercostal muscles below the scapula at the 7th–8th rib level is termed “sub-serratus 
block.” When combined with rhomboid block, it is called “rhomboid intercostal- sub-
serratus plane block.” It typically provides good T2 to T10–11 dermatome coverage.

 Indications

The rhomboid block was first described in a letter to the editor with a case presenta-
tion of a patient with multiple rib fractures that improved after the rhomboid block 
[25]. The authors of the case report also presented a cadaver dissection. Later on, a 
case series was published with the description of RS. Rhomboid block and RSS 
were utilized in thoracic and abdominal surgeries and myofascial pain syndromes 
[4, 8, 26]. Contraindications are the same as for the ESPB.
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 Equipment and Technique

Similar equipment are used in RISS and ESPB. The in-plane cephalad to caudal 
approach have been described (Fig. 2).

The transducer is placed adjacent to the medial edge of the scapula at the T5–6 
level, and LA is injected between the rhomboid muscle and the rib. At the T7–8 
level, the transducer is positioned obliquely at the lower corner of the scapula. When 
LA is applied between the serratus muscle and the rib, it is defined as the subserra-
tus component of the RSS. The volume may be lower when compared to 
ESPB. 10–15 mL of LA could be used depending on the targetted dermatomes. We 
consider this procedure a safe and effective technique for treating myofascial pain 
in the interscapular area. The potential complications and adverse effects are the 
same as with ESBP.

a

b

Fig. 2 Probe and needle positioning for rhomboid and subserratus blocks. (a) Probe and needle 
positioning for the rhomboid block with ultrasonogram on the right. (b) Probe and needle position-
ing for subserratus block. TM trapezius muscle. RM rhomboid major muscle. LDM latissimus dorsi 
muscle. SAM serratus anterior muscle. Arrows: needle directions and targets for the injection
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Fig. 3 Probe and needle positioning for trapezius muscle plane block. Probe and needle position-
ing for trapezius muscle plane block (on the left) with ultrasonogram on the right. TM trapezius 
muscle. RM rhomboid muscle. Arrow: needle directions and targets for the injection

4  Trapezius Muscle Plane Block

This block was the first ultrasound-guided intrafascial plane block reported [5]. 
Indications include relevant myofascial pain syndromes, especially associated with 
adhesions. (Fig. 3).

5  Serratus Posterior superior Muscle Plane block

The serrates posterior superior is a thin muscle arising from the spinous processes 
of the C7-T2 that inserts laterally to the 2nd - 5th rib angles. This muscle is a com-
mon source of myofascial pain [27].

The linear transducer is placed on the upper border of the scapula in the sagittal 
position, and the 1st - 3rd ribs are to be visualized. Following visualization of the 
trapezius, rhomboid major and serratus posterior superior muscles, LA is injected 
between the rhomboid muscle and serratus posterior superior muscle. This block 
can be applied using the in-plane or out-of-plane techniques using 15 mL of LA 
(Fig. 4).

This block can be used in myofascial pain of the interscapular area, the lateral 
branches of the dorsal ramus of the upper thoracic nerves, and presumably the dor-
sal scapular nerve are blocked [28].
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Fig. 4 Probe and needle positioning for serratus posterior superior muscle plane block. Probe and 
needle positioning for serratus posterior superior muscle plane block (on the left) with ultrasono-
gram on the right. TM trapezius muscle. RM rhomboid muscle. SPSM serratus posterior superior 
muscle. Arrow: needle directions and targets for the injection

6  Thoracolumbar Interfascial Plane Block

Thoracolumbar interfascial plane block (TLIP) was first described by Hand et al. 
[29]. In this block, LA is applied between the multifidus and longissimus muscles, 
blocking the thoracolumbar nerves’ dorsal ramus. This technique was later modified 
by Ahiskalioglu et al. They recommended spreading LA between the longissimus 
and iliocostalis muscles which was shown to produce similar clinical effects [30, 
31]. The authors suggest that modified TLIP is easier to perform and has less risk 
for neuraxial puncture.

 Equipment and Technique

A linear probe is typically used for ultrasound guidance, and the depth and acquisi-
tion are adjusted for optimal image quality. The first step is to visualize the spinous 
process at the L3 level. Then, the probe is slid in a lateral direction to visualize the 
multifidus, longissimus, and iliocostalis muscles. A needle should be inserted 
between the longissimus and iliocostalis muscles’ planes after advancing the needle 
at a 15° angle in a medial to lateral direction for modified TLIP block (Fig. 5). We 
recommend using the in-plane technique. This block can be an effective tool for 
managing chronic lower back pain [32].
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a

b

Fig. 5 Probe and needle positioning for thoracolumbar interfascial plane block (TLIP). (a) Probe 
and needle positioning for the thoracolumbar interfascial plane block with ultrasonogram on the 
right. (b) Probe and needle positioning for the modified thoracolumbar interfascial plane block 
with ultrasonogram on the right. MM multifidus muscle. LM latissimus muscle. ICM iliocostalis 
muscles. Arrows: needle directions and injection targets

7  Lumbosacral Interfascial Plane block

Superior cluneal nerve (SCN) entrapment in thoracolumbar fascia and other low 
back interfascial planes are frequently overlooked causes of low back pain (LBP). 
The superior cluneal nerve originates from the dorsal branches of T12-L3 nerve 
roots. The incidence of SCN entrapment is 1.6–14% of causes of LBP [31]. The true 
incidence of SCN entrapment is unknown, probably because it is frequently mistak-
enly associated with other pathologies [33]. While lumbosacral interfascial plane 
block was previously performed based on the anatomic landmarks, the USG proce-
dure has recently been reported [34]. Although this technique was reported as an 
accessory block for hip surgery, it is thought to be effective in chronic back pain 
without radiculopathy[35]. The subfascial position between the erector spinae mus-
cle and the posterior layer of the thoracolumbar fascia under the lattissimus dorsi 
muscle is injected with 10 mL of LA to target their SCN (Fig. 6) [34]
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Fig. 6 Probe and needle positioning for lumbosacral interfascial block plane block on the left with 
ultrasonogram on the right. The superior cluneal nerve is running in this plane. LDM latissimus 
dorsi muscle. ESM erector spinae muscles. QLM quadratus lumborum muscle

8  Future Directions

Ultrasound-guided IPBs are effective and safe techniques that can be used alone or 
as a component of multimodal bedside management of acute or chronic pain (Table 
2). In addition to the techniques mentioned above, it is very likely that new inter-
fascial plane blocks will be identified in the near future. Local anesthetic concen-
tration, mixture requirement, consensus on nomenclatures, and various types of 
ultrasound- guidedtechniques would be a subject of future research. For example, a 
recent cadaver study demonstrated that cervical ESPB applied with 20  mL dye 
from C6–7 level passes from C5 to C7 in all cadavers to the brachial plexusand also 
spreads to the dorsal rami [36]. In our opinion this is a promising direction for 
development of new IPB techniques for the treatment of head, neck, back and 
shoulder pain.

Clinical Pearls
• Erector spinae plane block is an easy to perform and safe procedure. It can be 

utilized in patients with rib fractures, postoperative pain, myofascial pain syn-
drome, back pain, radiculopathy, postherpetic neuralgia, some other acute, and 
chronic painful conditions.

• The utilization of corticosteroids for IPBs is controversial because of their com-
mon side effects [37]. Some reports indicated that they might lead to tissue 
calcifications.

Interfascial Plane Blocks
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Table 2 Samples of published cases in other interfascial plane blocks for head, neck and back pain

Authors indication
Block and 
level

Volume and content of 
LA Tricks and follow-up

Taketa et al. 
[28]

Lower cervical 
and 
Interscapular 
myofascial 
pain, 15 
patients

Serrates 
posterior 
muscle 
plane 
block- 
second- 
third rib

15 mL of 0.25% 
ropivacaine per side

Between serrates 
posterior muscle and 
rhomboid major 
muscle. Reduced rate of 
NRS before and after 
the procedure was 80% 
on average

Ahiskalioglu 
et al. [32]

Low back pain 
(no discopatia)- 
one patient

Modified 
TLIP block 
(L3)

20 mL of 0.25% 
bupivacaine, 
methylprednisolone 
40 mg, bilaterally

Between the 
longissimus and 
iliocostalis muscle 
planes in a medial to 
lateral direction with 
in-plane technique. 
After the TLIP block, 
the VAS score of the 
patient has not 
increased over 20 for 
4 weeks

Ueshima 
et al.

Lumbar back 
pain due to 
spondylosis- 
-two patients

TLIP block 
(L2)

20-mL bolus injection 
of 0.25% 
levobupivacaine, 
bilaterally

Between the multifidus 
and longissimus 
muscles. Twice a week 
for 2 months pain could 
be managed by oral 
analgesic/no complaint 
pain

Arrow: Needle direction and target for the injection
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Superior Cluneal Nerve Block

Josianna Henson, Justin Merkow, 
and Narayana Varhabhatla

Essential Concepts
• Superior cluneal nerve pain accounts for up to 14% of low back pain. It should 

be considered in the differential for patients who have not responded to other 
interventions for low back pain.

• The SCN may become entrapped where it crosses the thoracolumbar fascia in the 
osteofibrous tunnel at the level of the iliac crest.

• SCN injection can be done at the bedside with landmark-based or ultrasound- 
guided techniques. An accurate injection may provide significant long-term 
relief in some patients.

• Patients with superior cluneal nerve entrapment whose pain is not relieved with 
pharmacologic management and injections may benefit from surgical release of 
the nerve.

1  Overview

Low back pain affects 70–85% of adults at some point in life, and no causative 
pathology is found in 50% of cases [1]. The superior cluneal nerves (SCN) originate 
from T12-L4 and provide sensation to the lumbar area and buttock. They traverse 
over the iliac crest, where they split into two to six branches that can be described 
as medial, middle and lateral branches [2]. SCN pathology accounts for as much as 
14% of low back pain and can mimic SI joint pain, facet arthropathy, and lumbar 
radiculopathy [3]. Physical exam findings include a Tinel-sign over the posterior 
iliac crest 5–7 cm lateral to the midline that recreates the patient’s pain [4]. Maigne 
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syndrome, which is confirmed with a T12/L1 facet injection, is referred pain to the 
iliac crest via the cluneal nerves [5]. However, the most accurate way to block the 
nerves and obtain a diagnosis is with blockade of these nerves. This can be done 
with a landmark-based technique or ultrasound guidance when performed at the 
bedside.

2  Indications and Contraindications

Superior cluneal nerve pain was first described by Strong and Davila in 1957 as a 
potential cause of low back pain [6]. It generally presents as unilateral low back pain 
that can be exacerbated by lumbar movement but can also present as “pseudo- 
sciatica” in 47-84% of patients with radiation to the legs [2, 7]. Risk factors include 
bone graft harvesting from the posterior iliac crest, lumbar fusion, and repetitive 
flexion and extension as with golf or tennis [8].

Physical examination should include palpation of painful areas, with specific 
attention to the response to palpation over the posterior iliac crest. A myofascial 
trigger point over the iliac crest may also indicate superior cluneal nerve pathology 
[9] (Table 1). Imaging with magnetic resonance imaging or computerized tomogra-
phy is not helpful for diagnosis, because the superior cluneal nerves are very thin 
(mean nerve size is 1.1 mm) and difficult to visualize using these modalities [3, 10]. 
Contraindications to the procedure include patient refusal, active infection or evi-
dence of sepsis/bacteremia, or allergy to any of the planned injectates.

Table 1 Proposed diagnostic criteria of superior cluneal neuropathy [2]

    1. Low back pain involving the iliac crest and buttocks
    2. Symptoms aggravated by lumbar movement or posture
    3. Trigger point over the posterior iliac crest corresponding to the nerve compression zone
    4.  Patients report numbness and radiating pain in the SCN area (Tinel sign) when the trigger 

point is compressed.
    5. Symptom relief by SCN block at the trigger point

J. Henson et al.
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3  Clinical Anatomy

The SCN is the cutaneous branch of the dorsal rami of T12-L4 (Fig. 1). From there, 
it traverses inferolaterally through the psoas major and paraspinal muscles and 
crosses the iliac crest. It pierces the quadratus lumborum fascia at the lateral border 
of the erector spinae, and remains between the quadratus lumborum and the thora-
columbar fascia. There are at least 2 branches of the cluneal nerve and as many as 5 
[3]. The lateral superior cluneal nerve is the largest of the branches, which range in 

Quadratus
lumborum

Superior cluneal
nerve

Medial cluneal
nerve

Greater
trochanteric bursa

Inferior cluneal
nerve

Tensor fascia lata

Fig. 1 Location of the superior cluneal nerves relative to the iliac crest. Image courtesy Springer
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size from 0.8 to 2.1 mm [3]. In an anatomical study done by Kuniya et al., 56% of 
cadavers had at least 1 branch of the SCN passing through an osteofibrous tunnel at 
the level of the iliac crest, 39% of which were medial branches [11]. However, 
Tubbs did not note any osteofibrous tunnels or obvious compression sites in the area 
between the iliac crest and the thoracolumbar fascia [3]. This remains a controver-
sial point. There are no known significant vascular structures in this region.

4  Equipment and Supplies

The procedure can be done with a landmark approach or with sonographic guidance 
when performed at the bedside [12, 13]. A 27 g or 30 g needle is used for anesthetiz-
ing the skin with lidocaine (Table 2). We prefer to use a 22 g spinal needle or an 
80 mm echogenic needle with a 5 mL syringe for the injectate. The anesthetic solu-
tion usually consists of lidocaine or bupivacaine, or a combination of the two, with 
or without a corticosteroid. The patient can be in the lateral or prone position.

Table 2 Required supplies for superior cluneal nerve block

Syringe 5 mL
Needle 27 or 30 g needle for local anesthesia

22 g spinal needle or 80 mm echogenic needle
Anesthetic 0.25–0.5% bupivacaine

1% lidocaine
Corticosteroid Triamcinolone 20–40 mg, Methylprednisolone 20–40 mg
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5  Superior Cluneal Nerve Block, Landmark Technique

The blocks can be done using a landmark-based technique. The iliac crest is pal-
pated 5-7 cm from the midline [12]. The point of maximal pain is palpated. The skin 
is anesthetized with 1% lidocaine and a 27 g 1.5-in. needle is inserted perpendicular 
to the skin until the iliac crest is contact. The needle is withdrawn slightly, negative 
aspiration is confirmed, and 1–2 mL of a local plus steroid mixture is injected at 
each of the medial, middle, and lateral branches.

6  Superior Cluneal Nerve Block, Ultrasound Technique

The superior cluneal nerve block can also be done using an ultrasound-guided tech-
nique [13–15]. The target is between the lateral border of the erector spinae muscle 
and the posterior thoracolumbar fascia at the level of the iliac crest. The block is 
done with a linear transducer in a transverse orientation (Fig. 2). First, the erector 
spinae muscle is identified, and the lateral border is traced to the level of the iliac 
crest. When this junction is visualized under ultrasound at the level of the iliac crest, 
a block needle is inserted in-plane medially to laterally. The needle is advanced until 
it is deep to the posterior thoracolumbar fascia and medial to the point of fusion 
between the anterior and posterior thoracolumbar fascia. Upon injection, visualiza-
tion of separation between the posterior thoracolumbar fascia and the erector spinae 
should occur.

Fig. 2 Superior cluneal nerve block. The needle trajectory presented on the left side, designated 
with a blue marker. White arrows on the ultrasonogram points towards the needle. The red arrow 
points to the tip of the needle and the injectate. The iliac crest marked with blue arrow. The spread 
of the injectate marked with yellow doted lines extends within the same fascial plane as cluneal 
nerves. (Image: courtesy of Dmitri Souza, MD, PhD)
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7  Potential Complications and Adverse Effects

The procedure is generally well tolerated by patients. Injection site pain and muscle 
spasms are the most likely adverse effects. Rare adverse events include nerve dam-
age, dizziness, lightheadedness, systemic absorption/toxicity [14, 15]. Other impor-
tant complications and relevant considerations are presented in Table 3.

Table 3 Additional potential complications and adverse effects 

    • Pressure should be applied to prevent hematoma production in patients with bleeding 
disorders or on anticoagulation
    • Patients must be made aware of the potential for slightly unpleasant cosmetic disfigurement 
with local hair loss, hyperpigmentation, or cutaneous atrophy due to the corticosteroids utilized 
in the treatment. Local myotoxicity has been reported with bupivacaine
    • Risks should be weighed against potential benefits when utilizing cluneal nerve blocks 
during pregnancy
    • Anaphylaxis can occur with lidocaine or bupivacaine anesthetic, and blocks should not be 
performed if there has been a prior allergic reaction to the anesthetic
    • Patients receiving frequent injections or perhaps using corticosteroids, either orally or as a 
result of other interventional procedures, are at risk for developing Cushing syndrome or 
adrenal insufficiency [16]. Clinicians must be diligent in questioning patients specifically about 
the potential recent use of steroids as this medication history is often not reported by the patient
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Clinical and Technical Pearls
• The point of maximal tenderness over the iliac crest should be palpated 

before beginning the procedure. This allows confirmation with a sono- 
tinel sign.

• The local anesthetic should be seen to spread between the thoracolumbar 
fascia and the erector spinae.

• The procedure can be done in-plane or out-of-plane, but in our experience, 
it is often easier to do this in-plane.

• Patients should be informed with the possibility of developing lipodystro-
phy with the use of steroids or punctate scars, especially with repeated blocks.

• Meticulous attention should be paid to an immunocompromised patient to 
prevent the development of infections. Although it is rare, early detection 
is imperative to prevent deleterious fatal consequences.
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Middle Cluneal Nerve Injections

Jay Karri, Tuan Tang, and Alaa Abd-Elsayed

Essential Concepts
• Pathology of the middle cluneal nerves (MCN) may be implicated in persons 

with chronic low back pain that radiates across the medial gluteal surface.
• MCN pathology has been associated with bone harvests from the iliac crest via 

the posterior approach.
• MCN blocks offer both diagnostic and therapeutic benefit in persons with chronic 

low back pain and can be performed at the bedside.
• Pain relief with MCN blocks can be rapid given immediate effects of local anes-

thetics and therapeutic benefit may persist across days to weeks, and possibly 
longer, especially if chemoneurolysis is performed.

• In cases where MCN blocks provide meaningful but only temporary relief, neu-
rolysis may be pursued to provide patients with a longer duration of analgesic 
benefit.

1  Overview

Pathology of the middle cluneal nerves (MCN) is an often overlooked phenomenon 
in persons presenting with chronic low back pain [1–3]. Affected patients endorse 
low back pain with particular radiation of symptoms across the medial aspect of the 
gluteal region. Given the higher prevalence of other axial low back pain and 
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sacroiliac joint disorders in persons with similar symptoms, the diagnosis of MCN 
pathology is sometimes delayed and/or overlooked.

Despite the precise mechanism of MCN pathology, MCN injection procedures 
can be employed with good benefit [1, 4, 5]. These procedures are readily per-
formed at the bedside using anatomical landmarks or ultrasound guidance. They can 
carry diagnostic and often therapeutic benefit with variable reported success rates. 
In certain cases where MCN entrapment or chronic neuropathy are implicated, more 
advanced procedures such as peripheral nerve stimulation and surgical decompres-
sion may be necessary for analgesic benefit.

2  Indications and Contraindications

MCN neuralgia can be secondary to a host of etiologies and thus, efforts towards 
diagnosing the precise underlying pathophysiology can help direct goal directed 
management with good benefits [1–3]. Despite the precise underlying mecha-
nisms, MCN pathology produces lower back pain with radiation across the 
medial gluteal aspect. Given that the MCN are purely sensory, there are no asso-
ciated motor deficits with MCN compromise. While no true diagnostic criteria 
for MCN neuralgia exist, the spectrum of diagnostic considerations is delineated 
in Table 1.

The most common complication of posterior iliac crest bone harvest procedures 
is cluneal nerve damage, which can produce sensory impairments and/or chronic 
pain [1–3]. While the superior cluneal nerves (SCN) are most implicated with this 
procedure, the MCN is still vulnerable depending on patient habitus, anatomical 
nerve trajectory, and laterality of instrumentation.

Entrapment neuropathy is thought to be far more likely with the SCN relative to 
the MCN.  However, MCN entrapment was reported by Aota in 2016 and was 
thought to be likely in other unreported cases given the susceptibility for MCN 
compression along the posterior sacral ligaments [1].

Maigne syndrome refers to the referral of pain from lower thoracic-high lumbar 
facet arthropathy to the iliac crest via cluneal nerves [1–3, 6]. While Maigne syn-
drome has conventionally implicated the SCN, MCN neuralgia might be secondary 
to referral pain from lumbosacral facet arthopathy.

Table 1 Diagnosis of Chronic Pain secondary to Middle Cluneal Nerve pathology

(A) Low back pain with usually unilateral referral to the medial gluteal aspect
(B) Focal tenderness to palpation along the long posterior sacroiliac ligament below the 
posterior superior iliac spine
(C) Moderate-significant analgesic response with local anesthetic nerve block.
(D) Above symptoms not otherwise implicated by other diagnoses including lumbosacral or 
sacroiliac pathology
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Table 2 Injections for the management of Middle Cluneal Nerve pathology

Procedure Indications
Analgesic 
Duration Techniques

Anesthetic block Diagnostic
Therapeutic

Days to weeks Landmark technique and/or 
ultrasound-guided

Chemoneurolysis Therapeutic 
only

Often months

Prolotherapy Therapeutic 
only

Variable

Lastly, idiopathic MCN neuralgia is also a very likely phenomenon. Given the 
only recent recognition and interest in chronic pain from cluneal neuropathies, 
robust literature and epidemiological data are lacking.

In persons where MCN pathology may be implicated, local anesthetic nerve 
blocks can be useful for both diagnostic and therapeutic benefit. Nerve blocks, as 
delineated in Table 2, can also involve the use of neurolysis or prolotherapy [4, 7]. 
Chemoneurolysis, usually with aqueous phenol, can produce longer term analge-
sic benefit, sometimes up to 6 months of more. However, it is usually performed 
only after a diagnosis of MCN neuralgia is well established with an anesthetic 
nerve block.

When assessing patients for the candidacy of MCN injections, standard practice 
patterns and contraindications for peripheral nerve blocks are similarly applicable 
[8]. Namely, judicious strategies are necessary to mitigate the risks of infection, 
bleeding complications, inadvertent damage to peripheral structures, and drug tox-
icity. Practitioners should exercise necessary precautions and discretion when 
assessing clinically vulnerable patients, including but not limited to those who are 
underaged, pregnant, and immunocompromised.

3  Clinical Anatomy

The MCN is a pure sensory nerve that is derived from the dorsal rami of the S1 to 
S3 foramina [1–3, 9]. Upon exiting the sacral foramina, the MCN travels infero- 
laterally under the posterior superior iliac spine (PSIS) and across the long posterior 
sacroiliac ligament (LPSL). The MCN overlies the gluteus maximus muscle and 
provides cutaneous innervation to the medial aspect of the buttock (Fig. 1).

Of note, cadaveric studies from multiple groups found varying nerve routes in 
relation to the LPSL. While Tubbs et al. found the MCN to be superficial to the 
LPSL, others found the MCN to course underneath or even through LPSL [2, 10–
12]. There exists only one report of MCN entrapment in the literature, but underdi-
agnosis and/or underreporting of MCN entrapment may be possible [1].
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Fig. 1 Medial cluneal nerve anatomy

4  Equipment and Supplies

MCN blocks are easily performed at the bedside. While experienced practitioners 
may only utilize anatomical landmarks to perform the injection, ultrasound guid-
ance may be utilized to directly visualize the nerve. Given the absence of major 
arteries, nerves, or other vital structures in immediate proximity to the MCN, ultra-
sound guidance is not a necessity. However, direct MCN visualization may not only 
optimize targeted injectate delivery, but also increase the safety profile associated 
with this procedure.

Typically, a small syringe with a 22–25 gauge, 1.5 in. needle is utilized to inject 
2–5 mL of the injectate (Table 3). Anesthetic solutions usually consist of lidocaine 
or bupivacaine, or less commonly, a lidocaine-bupivacaine combination. They may 
be mixed with a corticosteroid solution, especially if the injection is being adminis-
tered for therapeutic benefit.

While limited evidence for corticosteroid addition for treating MCN neuralgia 
exists, there exist data suggesting that corticosteroid can have several chronic detri-
mental effects [13]. The incorporation of corticosteroids should be practitioner and 
patient dependent. Corticosteroid dose should be judiciously considered, especially 
in patients with diabetes mellitus with poor glycemic control or steroid sensitivity.
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Table 3 Supplies utilized for Middle Cluneal Nerve injections

Syringe 3 or 5 mL
Needle 22 or 25 gauge

1½ in. needle
Anesthetic Bupivacaine 0.25–0.5%

Lidocaine 1-2%
Lidocaine/bupivacaine combination: 1:1–1:3 ratio

Corticosteroid Triamcinolone 5–40 mg (t1/2 life: 18–36 h) Betamethasone 18 mg (t1/2 life: 
36–54 h) Dexamethasone 4 mg (t1/2 life: 36–54 h)
Methylprednisolone 80–125 mg (t1/2 life: 18–36 h)

Phenol Aqueous phenol solution, 5–8%
Prolotherapy Dextrose in sterile water, 12.5–25%

5  Anatomical Landmark Technique

The procedure is optimally performed with the patient in a prone position. The 
ipsilateral low back and gluteal surface are exposed with the contralateral side 
appropriately draped for patient comfort and privacy. The posterior iliac crest is 
identified and followed medially until the PSIS is located. The 1-5 cm below the 
PSIS is carefully palpated to identify tender points that reproduce the patient’s 
painful symptoms [1–3, 5, 9]. The skin is marked approximately 1 cm medial to 
the identified tender points and standard aseptic technique is utilized to prepare 
the skin.

A 22 or 25 gauge, 1½ in. needle is introduced at the marked targets and advanced 
infero-laterally at a shallow angle until immediately below the subcutaneous tissue. 
Following negative aspiration, the injectate can be administered in a fanlike distri-
bution. A gauze dressing should be used to hold pressure over the injection site once 
the needle is withdrawn.

6  Ultrasound Technique

Given the small diameters of MCNs, concordance of ultrasound imaging to the 
aforementioned anatomical landmarks is essential. Start with the ultrasound 
probe in a vertical position immediately below the PSIS. Attempt to localize the 
MCNs in short axis by moving rotating the superior aspect of the probe laterally 
towards the iliac crest. The needle and probe positioning are presented at 
the Fig. 2.

Once identified, the injection may be performed in ether short axis or long 
axis to the ultrasound probe. A 3–5 mL syringe with a 25–30 gauge, 1½ in. nee-
dle is advanced, with a shallow angle, below the thoracolumbar fascia, above the 
gluteus maximus, and towards the MCN. The injectate is administered overlying 
the identified MCN. The ultrasonogram of the injection presented at the Fig. 3.
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Fig. 2 The probe and the needle positioning for the medial cluneal nerve injection. (Image—cour-
tesy of Dmitri Souza, MD, PhD)

Fig. 3 Ultrasonogram of 
the medial cluneal nerve 
injection. White arrows: 
represents needle shaft. 
Red arrow points towards 
sacroiliac joint. Yellow 
arrow indicates the 
location over the medial 
cluneal nerve in close 
proximity to the S2 
foramen (blue arrow). 
(Image—courtesy of 
Dmitri Souza, MD, PhD)

7  Potential Complications and Adverse Effects

Given the absence of major arteries, nerves, or other vital structures in immediate 
proximity to the MCN, this procedure is often well tolerated. However, standard 
precautions are instrumental in maintaining the favorable safety profile associated 
with this procedure. Namely, precautionary measures to prevent the risks of 
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Table 4 Notable potential Complications and Adverse Effects

Standard sterile technique and precautions are necessary to minimize the risk of infection. 
Additionally, immunocompromised patients warrant specific consideration and possible 
monitoring
Bleeding risk is mostly limited to hematoma formation, which may be mitigated with careful 
consideration of physiology or iatrogenic anticoagulation. Additionally, pressure should be 
maintained over the injection site if oozing or prolonged bleeding occurs
Local anesthetics carry notable risk for anaphylaxis and systemic drug toxicity. Anesthetics 
should not be utilized if the patient reports previous allergic reactions specific to the anesthetic. 
If signs or symptoms of systemic absorption of the anesthetic develop, further anesthetic use 
should be immediately aborted to prevent lethal neuro- and/or cardiotoxicity
Corticosteroids can cause local chondrotoxicity, myotoxcity, or lipodystrophy, cutaneous 
scarring, or even ligamentous compromise. These adverse effects are thought to be secondary to 
repeat injections and with high steroid dosages
Corticosteroid use should be judiciously considered in persons with high and/or chronic steroid 
exposure via intravenous or oral steroid formulations or repeat joint injections with 
corticosteroid injectates. These patients may be at risk for developed adrenal insufficiency

infection, bleeding complications, inadvertent damage to peripheral structures, and 
drug toxicity are vital (Table 4).

Infection risk can be decreased by utilizing sterile procedural technique, avoid-
ing needle placement through cutaneous infection sites, and careful monitoring and/
or judicious candidacy considerations in immunocompromised patients including 
those with diabetes mellitus.

Bleeding complications are largely limited to hematoma formation given the 
absence of major arterial supply overlying the MCN anatomical course. Nonetheless, 
the use of ultrasound guidance and doppler imaging may help prevent vascular 
injury. The risk of bleeding can also be minimized using societal guidelines from 
the American Society of Regional Anesthesia and Pain Medicine (ASRA), which 
provides recommendations for pre-procedural cessation of anti-platelet and anti- 
coagulant medications [14]. However, the temporary discontinuation of these medi-
cations should occur in concert with their prescribing providers and be considered 
only if deemed reasonable and appropriate.

Depending on patient habitus and practitioner expertise, ultrasound guidance 
may be utilized to decrease risk of needle trauma to nearby structures. Additionally, 
appropriate patient positioning can help optimize ease of injection.

Lastly, drug toxicity can result secondary to anaphylaxis, local, or systemic 
adverse effects [8]. Anaphylaxis, usually secondary to local anesthetics like lido-
caine or bupivacaine, may be prevented by surveying patients for prior allergic or 
adverse reactions to injectates being administered. Localized adverse effects with 
nerve blocks are often secondary to corticosteroid medications, which have been 
associated with local chondrotoxicity, muscle damage, and even ligamentous 
compromise [13]. Myotoxicity has also been associated with bupivacaine use 
[15]. Phenol use has been associated with risk of local dysesthesias [7]. Systemic 
adverse effects can occur with systemic absorption of injectate medications, espe-
cially if large volumes and/or high doses are utilized. The most threatening 
adverse effects are secondary to anesthetic toxicity and initially manifest via 
symptoms of dizziness, lightheadness, blurred vision, slurred speech, metallic 
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taste, perioral numbness, and/or tinnitus [15]. If the patient reports these symp-
toms, further anesthetic use should be immediately aborted to prevent lethal 
neuro- and/or cardiotoxicity.
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Clinical and Technical Pearls
• MCN pathology may be implicated in persons with chronic low back pain 

that radiates across the medial gluteal surface.
• Nerve blocks to the MCN are fairly safe and are readily performed at the 

bedside using anatomical landmarks or ultrasound guidance.
• Chemoneurolysis or prolotherapy injections can also be considered in 

patients with a confirmed diagnosis of neuralgia or neuropathy from 
the MCN.

• Appropriate patient selection and safety considerations can help optimize 
the safety profile associated with MCN injections.
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Sacroiliac Joint Intraarticular 
and Periarticular injections

Mohamed Attia and Mowafak Abdelghani

Essential Concepts
• Sacro-iliac (SI) joint is an important source of chronic axial low back pain; with 

frequency of its occurrence increasing with age. Pain originating from the SIJ 
can be intra-articular or extra-articular [1].

• The intra-articular causes include infection, arthritis, spondyloarthropathies, and 
malignancies while enthesopathy, fractures, ligamentous injuries, and myofas-
cial pain constitute the extra-articular causes of SI joint pain [1].

• The International Association for the Study of Pain (IASP) has developed criteria 
for diagnosing sacroiliac joint pain. Sacroiliac joint pain is defined as pain local-
ized to the region of the SI joint, reproducible by stress and provocation tests, 
and reliably relieved by selective infiltration of the SI joint with a local anaes-
thetic [2].
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• Even though definitive criteria for the degree of pain improvement to confirm a 
diagnosis of sacroiliac joint syndrome is insufficient, greater than 50–75% reduc-
tion in post injection pain has been suggested as a useful threshold. Since intra- 
articular steroid injections may effectively reduce the pain associated with 
sacroiliac joint syndrome (SIJS), low-grade synovial inflammation has been pro-
posed as a potential cause [3].

• The effectiveness of periarticular sacroiliac joint injection has been compared 
with that of intraarticular injection in several studies. Although periarticular and 
intra-articular injections may result in similar pain relief, intraarticular injections 
have been the main stay of treatment used to verify a diagnosis of sacroiliac joint 
syndrome and to guide more advanced therapies, such as radiofrequency abla-
tion [4].

1  Overview

Sacroiliac joint pain is usually underdiagnosed with 20% of patients with low back 
pain generated from the sacroiliac joint. Patients with SIJS often present with pain 
near the posterior superior iliac spine. Both the articular and extraarticular elements 
of the SIJ have been described as causes of sacroiliac joint pain.

However, pain patterns associated with SIJS can overlap with multiple contribu-
tions to its origin, with pain originating from the lower lumbar disk especially the 
L5 level and that of the adjacent facet joints. As a result, SIJS is mostly 
underdiagnosed.

2  Indications and Contraindications

The diagnosis of SI joint pain proves challenging due to the lack of definitive medi-
cal history, physical exam, or imaging findings. Most pain physicians use a positive 
response to SI joint injections to make a diagnosis.

Arthritis and infection are two examples of intraarticular causes of SI joint pain. 
Extra-articular sources are more common and include enthesopathy, fractures, liga-
mentous injury, and myofascial pain.

In addition to etiologic sources, there are several factors that can subject the 
individual to gradually developing SI joint pain. Those entail increasing the stress 
borne by the SI joints include true and apparent leg length discrepancy, gait abnor-
malities, prolonged vigorous exercise, scoliosis, and spinal fusion to the sacrum [5] 
(Tables 1 and 2).
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Table 2 Intraarticular and Periarticular Sacroiliac joint injection for the management of Sacroilitis

Procedure Indications Techniques Contraindications
Intraarticular 
Sacroiliac joint 
block

Diagnosis and 
treatment of 
Sacroiliac joint pain

Landmark 
technique
Ultrasound- 
guided

Absolute:
   • Patient refusal
   • Systemic or local infection
   • Local malignancy
Relative:
   •  Coagulopathy or current/recent use 

of blood thinning agents
   •  Diabetes Mellitus, Type II, with 

history of poor glycemic control
Periarticular 
Sacroiliac joint 
block and 
Lateral branch 
block

Treatment of 
Sacroiliac joint pain 
and diagnostic block 
for Radiofrequency 
ablation

Landmark 
technique
Ultrasound- 
guided

Absolute:
   • Patient refusal
   • Systemic or local infection
   • Local malignancy
Relative:
 •  Coagulopathy or current/recent use 

of blood thinning agents
   •  Diabetes Mellitus, Type II, with 

history of poor glycemic control

3  Clinical Anatomy

The SI joint (Fig. 1) is most often characterized as a large, auricular-shaped, diar-
throdial synovial joint. In reality, the synovial characteristics are limited only to the 
distal third and anterior third of the joint [6].

The posterior part is a syndesmosis consisting of the sacroiliac ligament, the 
gluteus medius and minimus muscles, and the piriformis muscle. The SI joint can-
not function independently because all of these muscles are shared with the hip 

Table 1 Diagnostic criteria of Sacroiliac joint syndrome [6]

    A. History:
   Pain from the SI joint is generally localized in the gluteal region (94%). Referred pain may 

also be perceived in the lower lumbar region (72%), groin (14%), upper lumbar region (6%), 
or abdomen (2%)

    B. Examination:
     1. Compression test: The patient lies on their non-painful side, the patient’s hips are 

flexed 45° with the knees flexed 90°. While standing behind the patient both hands are placed 
on the iliac crest and then pressure is exerted downward and medially which elicits pain in SIJS

     2. Distraction test (gapping test) Patient lies supine and the examiner places their hands 
on the painful ipsilateral anterior superior iliac spine (ASIS). The examiner then applies 
pressure in a posterior-lateral direction which elicits pain on the ipsilateral side in SIJS

     3. Patrick’s sign (FABER) (Flexion Abduction External Rotation test): The patient is 
positioned supine with the examiner standing next to the painful side. The leg of the affected 
side is flexed at the hip and knee, with the foot positioned over the opposite knee. Downward 
pressure is then applied to the knee of the affected side. Pain is elicited upon applying pressure

    C. Diagnostic Block:
The IASP criteria mandate that pain should disappear after intra- articular SI joint infiltration 
with local anesthetic in order to confirm the diagnosis, before the injection of steroids or 
radiofrequency treatment

Sacroiliac Joint Intraarticular and Periarticular injections
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Fig. 1 Anatomy and relations of Sacroiliac joint [10]

joint. That is why the ligamentous structures and the muscles they support have a 
great influence on the stability of the SI joint [6].

Hence, the choice of inferior approach (targeting the inferior 1/3 of the joint) as a 
point of needle entry has always been the mainstay of treatment, with recent studies 
evaluating the efficacy of the superior approach (targeting the superior 2/3 of the joint) 
to needle placement with weak evidence of apparent effectiveness of such technique.

A combined ventral and dorsal innervation of the SIJ was described in earlier 
anatomic studies, however, recent studies demonstrate a predominant dorsal inner-
vation of the sacroiliac joint extending from the L5 dorsal ramus to the S4 dorsal 
ramus. The lateral branches of these rami divide into multiple branches and form the 
posterior sacral network, which supply the sacroiliac joint with sensory input [7, 8].

The first, second, and third transverse sacral tubercles of the lateral sacral crest 
were found to be consistent bony landmarks that could be used to demarcate the 
superior and inferior borders of the posterior sacral network [9].
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4  Equipment and Supplies (Table 3)

5  [Intraarticular and Periarticular Sacroiliac Joint Local 
Anaesthetic and Steroid Injection] 
Landmark Techniques

Patient is positioned in the prone position with pillow underneath his pelvis and legs 
internally rotated for easier access to the SIJ.

Needle entry point is located at a thumb’s width inferior to the posterior supe-
rior iliac spine (PSIS) and 3.5 cm lateral from the midline (approximately at the 
level of the second sacral spinous process), as shown on Fig. 2. A 22 G spinal 
needle is utilized and angled obliquely and slightly towards cranial direction and 
advanced.

The needle is advanced until it either contacts bone or an increase in resistance is 
reached, suggesting penetration into a ligament or muscle. Penetration of the SI 
joint is characterized by a change in resistance (gripping sensation).

The anesthetic-steroid mixture of Bupivacaine 0.25% and methylprednisolone 
40 mg or Dexamethasone 6.6 mg are injected intraarticularly into the SIJ after nega-
tive aspiration for blood. The capacity of SI joint has been reported to be 2–5 mL 
after this the injectate becomes periarticular.

The aim of periarticular injections is to spread the local anesthetic and ste-
roid over the S1–3 lateral branches and the posterior ligaments. With recent 
anatomic studies showing an intimate relationship between the posterior sac-
roiliac ligaments and the S1–3 lateral branch nerves, the changes in tension on 
the ligaments may be the cause of pain generated by these branches (Figs. 3 
and 4) [11–13].

Table 3 Required supplies for Sacroiliac intra-articular, peri-articular joint injection

Syringe 20 mL Local Anaesthetic or 10 ml Injectate Mixture
Needle 22 or 25 gauge spinal needle

10–12 mm
Anaesthetic 1% Lidocaine 20 mL syringe

0.25–0.5% bupivacaine 10 mL syringe
Corticosteroid Methylprednisolone 40–80 mg (t1/2 life: 18–36 h) Dexamethasone 6.6 mg (t1/2 

life: 36–54 h)
Ultrasound Linear Probe

Sacroiliac Joint Intraarticular and Periarticular injections
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Fig. 3 Skin landmarks for SIJ injection. The posterior superior iliac spines (PSIS) are palpated 
and marked. Sacral spinous processes (S1–S4), Sacral cornu are marked with sacral edges marked 
as point of entry. Reprinted from (open access) [12]

Fig. 2 Landmark-guided sacroiliac joint injection, the needle entry point is marked x (PSIS- 
Posterior Superior Iliac Spine, L4, L5 indicate spinous process of respective vertebra). Reprinted 
from (open access) [11]
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Fig. 4 Anatomical illustration of dorsal sacroiliac ligaments with deeper interosseous component. 
Reprinted from (open access) [12]

6  Ultrasound Guided Intraarticular Sacroiliac Joint 
Injection Technique

Patient is lying prone with pillow under pelvis. Anatomical landmarks identified 
being the posterior superior iliac spine, sacral spinous processes, and sacral cornu 
(Fig. 5).

The transducer (Linear probe 4–12 Hz) is placed in the transverse plane in the 
midline over the sacrum. After identifying the sacral spinous process, the probe was 
moved up until L5-S1 space was located. Then the probe is moved laterally till the 
PSIS is located. Once the PSIS is visualized the probe is moved caudally to reach 
the cleft between the iliac bone and sacrum which represent the sacroiliac joint 
space. Then the probe is rotated to an oblique position such that the posterior sacro-
iliac ligament is visualized indicating needle entry point (Fig. 6) [13–15].

Sacroiliac Joint Intraarticular and Periarticular injections
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Fig. 5 Ultrasound probe position and posterior superior iliac spine, Sacral spinous processes 
marked. Reprinted from (open access) [11]

The skin is anaesthetized with 1% lidocaine, then a 22-gauge spinal needle is 
advanced starting medially and moving laterally, using in-plane technique while 
needle tip is visualized at all times.

Advancing the needle through the posterior ligament encounters resistance. 
Further pushing of the needle should result in an abrupt decrease in resistance that 
is often described as a “pop” which indicates needle entry into the joint; needle 
advancement may result in a feeling of the needle being gripped in the joint which 
indicates proper placement. Once the needle tip is positioned precisely in the joint 
space, 2–5 mL of local anesthetic and steroid mixture of Bupivacaine 0.25% with 
Methylprednisolone 40 mg is injected. (Fig. 7) [13].

The efficacy of ultrasound versus fluoroscopy guided sacroiliac joint injections 
is comparable however, ultrasound facilitates the identification and avoidance of the 
critical vessels around or within the sacroiliac joint (SIJ) [14–16].
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Fig. 6 Ultrasound image of the sacroiliac joint with the transducer in position as in Fig.  5. (SIJ 
Sacroiliac joint; SFII Second Sacral Foramne; tlf thoracolumbar facias; psil posterior sacroiliac liga-
ment; MM multifidus muscle; psil-posterior superior iliac spine). Reprinted from (open access) [11]

Fig. 7 Ultrasound landmarks identified. The ilium and sacrum are identified as echogenic struc-
tures with ilium being cephalad and lateral and the sacrum being central and curved. The cleft 
between the two is the location of the SIJ. Reprinted from (open access) [12]
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7  Potential Complications and Adverse Effects

When guided by ultrasound, SIJ intra-articular or peri-articular injections are gener-
ally thought to be safe procedures. Recent review has documented an 11.5% inci-
dence of minor adverse events; most commonly vasovagal reactions [17] (Table 4).

Clinical and Technical Pearls
• Sacroiliac joint presents usually with gluteal stabbing pain with difficulty 

sitting down for prolonged period of time.
• Patient should be informed of the possible side effects of steroids including 

weight gain, Increased Blood pressure, Increased blood sugar levels, skin 
thinning, increased risk of infection and immunosuppression, retinal 
hemorrhages.

• Extra caution must be taken in patients on anticoagulation. Patients should 
be observed for at least 15 min after the injection.

• During the procedure it is imperative to get a clear image of the lower 1/3 
of the sacroiliac joint this can be achieved by tilting of the ultrasound probe.

• Increased resistance during injection indicates intraarticular injection and 
slight retraction of the needle may facilitate injection.

Table 4 Summary of potential Complications and Adverse Effects [17]

    • Vasovagal reaction
    •  Cutaneous atrophy due to the corticosteroids utilized in the treatment. Local myotoxicity 

has been reported with bupivacaine
    •  The SIJ is drained by the lower volume external vertebral venous plexus, previous studies 

have documented a low incidence of vascular spread
    • Anaphylaxis
    • Bruising, Hematoma formation in patients with coagulopathy and bleeding tendency
    •  Needle placement complications, such as complete penetration of the joint and contact with 

the sciatic nerve and injury have been reported
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Interventions for Coccygeal Pain

Nirav M. Patel and Harsh Sachdeva

Essential Concepts
• Coccydynia is pain in the coccyx region.
• Coccydynia pain can be acute or chronic.
• It impairs the ability of patients to sit. Coccydynia is usually worse with pro-

longed sitting, standing up from sitting position, and leaning back while sitting. 
It may get worse with sexual intercourse or defecation in some patients. It is 
frequently debilitating for patients.

• Management of coccydynia involves a multidisciplinary approach, including 
injections that can be used at the bedside.

• Bedside interventions for coccydynia can be performed using landmarks or ultra-
sonography. They typically provide rapid short-term relief, but the effect com-
monly lasts for months.

1  Coccygeal Nerve Injection

Tailbone pain is referred as coccydynia or coccygodynia [1] Patients with coccydynia 
usually present with focal pain over the coccyx. Coccydynia is usually worse with 
prolonged sitting, standing up from sitting position, and leaning back while sitting. It 
may get worse with sexual intercourse or defecation in some patients [2–4]. Etiologies 
of tailbone pain include trauma, childbirth, immobility, poor posture, underweight or 
overweight, cancer, ankylosing spondylitis and lumbar spinal stenosis [1, 3, 5, 6]. 
Coccydynia is more prominent in females most likely due to trauma during childbirth 
and because the coccyx in females is located more posteriorly than in males making it 
more prone to trauma [2, 4, 5]. Interventional treatment of coccydynia is a conven-
tional part of the interdisciplinary management of tailbone pain [7, 8].
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2  Indications and Contraindications

The most common indication for coccygeal nerve injection is tailbone pain second-
ary to trauma, childbirth, immobility, poor posture, being underweight or over-
weight, hypertrophy of the muscles of the pelvis area, cancer, lumbar spinal stenosis, 
ankylosing spondylitis, and a variety of other inflammatory arthropathies. 
Additionally sacrococcygeal ligament overuse or inflammation and other acute or 
chronic conditions may cause coccygeal pain.

Typical contraindications include local infection at the planned injection site, 
severe systemic infection, allergy or intolerance to injectate or its components, 
including local anesthetics and corticosteroids. Another absolute contraindication is 
patient’s refusal. Coagulopathy, including iatrogenic, and platelet dysfunction, 
including iatrogenic, are not considered to be contraindications for this injection.

3  Clinical Anatomy

The coccyx is located at the end of the sacrum and is the lowest portion of vertebral 
spine [1, 4]. The coccyx with its two ischial tuberosities makes a tripod that bears 
weight while person sits. It also serves as an insertion site for multiple muscles, 
ligaments, and tendons. The coccyx usually has three to five vertebral segments 
attached by fibrocartilaginous joints [4]. It superiorly attaches to the sacrum. At the 
inferior portion of the sacrum, there are vestigial remnants of inferior articular pro-
cesses known as sacral cornua (Fig. 1).

The sacral hiatus is U-shaped space between two sacral cornua created by lower 
portion of S4 and entire S5 vertebrae and the space (Fig. 1) [9]. The sacral hiatus is 
covered posteriorly by the sacrococcygeal ligament and penetration of this ligament 
provides direct excess in epidural space [4, 5, 9].

Treatment for coccygeal pain may involve multiple treatment options including 
ganglion impar injections, sacrococcygeal injections, and caudal epidural injec-
tions. These procedures could be diagnostic and therapeutic in nature and can pro-
vide relief from days to weeks, to months.

Sacral cornu

Sciatic nerve

External iliac
artery

Sacrum

Apex of sacral
hiatus
Sacral base

Anterior ramus
of coccygeal
nerve
Anterior ramus
of fifth sacral
nerve
Posterior ramus
of coccygeal
nerve
Anococcygeal
nerve
Coccyx

Fig. 1 Posterior view of sacrum and coccyx, as labeled
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Table 1 Equipment and supplies for the sacrococcygeal ligament injection and coccygeal nerve 
injection

Syringe 3–5 mL syringes
Needle 22–25 g needle

1.5–3.5 inch v
Anesthetic 0.25–0.5% bupivacaine

1–2% lidocaine
Corticosteroid Triamcinolone 40–80 mg (t1/2 life: 18–36 h)

or other corticosteroids

4  Equipment and Supplies

Sacrococcygeal ligament injection or coccygeal nerve blocks can be performed at 
the bedside either using a landmark technique or ultrasound guidance. An antiseptic 
solution, typically 4% chlorhexidine, 22–25 Gauge 1.5–3.5-in. needle, 5–10  mL 
syringe for injectate, mask, and sterile gloves should be typically prepared for this 
procedure. Local anesthetic with or without corticosteroids is typically prepared for 
this injection as well. Normal saline or local anesthetic can be utilized for ultra-
sound guidance during hydrolocalization. An ultrasound unit with either a curvilin-
ear or linear transducer will be typically needed. (Table 1).

5  Description of the Procedure

 Landmark Technique

The patient is placed in the prone position. The patient’s legs and heels can be 
abducted to avoid tightening of gluteal muscles. A wide skin area over the sacral 
hiatus is prepared with the 4% chlorhexidine or another conventional antiseptic 
solution The sacral hiatus, located between the two sacral cornua, is palpated with a 
finger. After identification of sacral hiatus, the skin over the sacral hiatus is anesthe-
tized using 1% lidocaine. A lidocaine syringe is then attached to a 22–25 Gauge, 
1.5–3.5  in. needle, and the needle is inserted through the anesthetized area at a 
90-degree angle into the sacrococcygeal ligament. As the needle passes through the 
sacrococcygeal ligament, a pop can be potentially felt, and advancement should be 
stopped. After negative aspiration, a local anesthetic or normal saline is injected 
with or without corticosteroid. The total volume of the injectate is 5 to 10 mL. While 
landmark-based coccygeal nerve block was commonly used in the past [10], we do 
not recommend it because of the inability to directly visualize needle advancement 
and injectate spread that may lead to complications.
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 Ultrasound-Guided Injection

The patient is placed in the prone position. The patient’s legs and heels can be 
abducted to avoid tightening of gluteal muscles. A wide skin area over the sacral 
hiatus. is prepared with 4% chlorhexidine or another conventional antiseptic solu-
tion. The sacral hiatus located, between two sacral cornua, is palpated with a finger 
before placing the ultrasound transducer. A transducer is placed in the short axis 
first over the sacrum (Fig. 2) [9].

The transducer is then moved caudally until the sacral cornua, which looks like 
two peaks or reversed U-shaped structures, are visualized (Fig. 3).

Between these two reversed U-shaped structures are two hyperechoic bands 
like structures [9]. The superior band-like structure is the sacrococcygeal liga-
ment and the inferior hyperechoic structure is the base of the sacrum. The space 
between these two structures contains both anterior and posterior rami of the 
coccygeal nerves. The space between the sacrococcygeal ligament and the sacral 
base is the target for the placement of the tip of the needle and the injectate. An 
area of skin just inferior to the transducer is localized using 1–2% lidocaine. A 
22–25 Gauge 1.5–3.5- in. needle is introduced through the anesthetized area 
using out of plane technique at 90 degrees until it pierces through the sacrococ-
cygeal ligament and enters the caudal canal, the space between sacral base and 
the sacrococcygeal ligament (Figs. 2 and 3). As the needle passes through the 
sacrococcygeal ligament, a pop will likely be felt. Since the needle advanced 
towards the target in an out-of-plane fashion, its visualization may be limited. 
Needle advancement can be visualized with ultrasound using hydrolocalization 
with normal saline or local anesthetic. We do not recommend using corticoste-
roid solution for hydrolocalization. Filling the space between sacral base and 
sacrococcygeal ligament with local anesthetic solution with or without cortico-
steroid, and visualization of the injectate spread would complete this procedure 
[9]. The volume of injectate can be significantly less with ultrasound- guided 
technique compared to landmark-based technique because of the precise place-
ment of the injectate. The total volume of injectate with ultrasound- guided tech-
nique is usually 3 to 5 mL.
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Fig. 2 Patient positioning and ultrasound transducer orientation. The sacral hiatus located, 
between two sacral cornua, is palpated with a finger before placing the ultrasound transducer. A 
transducer is placed in the short axis first over the sacrum. The blue arrow indicates the needle 
trajectory. The curvilinear transducer was used in this patient because of the patient’s obesity. 
(Image–courtesy of Dmitri Souza, MD, PhD)
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a b

Fig. 3 Transverse ultrasound view of sacral hiatus. (a) before the procedure. (b) after the injec-
tion. Gray arrows point towards the sacrococcygeal ligament. Red dashed arrow points to the 
needle shaft on image a. The needle visualization is limited with the out-of-plane technique uti-
lized for this procedure. The yellow line indicates the spread of the injectate on the same patient on 
image b. The injectate spread is visible under the sacrococcygeal ligament spreading towards the 
above arterial and posterior rami of the coccygeal nerve that are located just medial to the sacral 
cornua. The needle visualization (red dashed arrow on image b) is limited with the out-of-plane 
technique utilized for this procedure, however, the hydrolocalization and injectate spread indicate 
the correct placement of the needle just below the sacrococcygeal ligament, with the injectate 
likely reaching both anterior and posterior rami of the coccygeal nerves on both sides (yellow line). 
(Image–courtesy of Dmitri Souza, MD, PhD)

6  Potential Complications

Bleeding is an uncommon, but possible complication of coccygeal nerve blocks. To 
avoid hematoma formation pressure should be applied in patients with bleeding 
disorders or on anticoagulation [2, 4, 11]. Other potential complications are pre-
sented in Table 2.

Clinical Pearls
 1. Coccygeal nerve blocks are relatively easy to perform and can be done at 

the bedside. We recommend using ultrasonography for this injection.
 2. Meticulous attention should be paid to an immunocompromised patient to 

prevent infection. Although the infections are rare, early detection of the 
complication is imperative to prevent untoward consequences.
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Table 2 Potential complications

If the needle is inadvertently advanced too far anteriorly because the sacrococcygeal ligament 
penetration (“pop”) was not detected during landmark technique injection, it may trigger a 
bowel perforation. It is expected that in some patients the sacrococcygeal ligament will be seen, 
or not fused is an anatomical variant
Anaphylaxis can happen as a reaction to a local anesthetic if the history of the patient’s 
allergies was not verified
Pregnancy is not an absolute contraindication to the coccygeal nerve blocks, but a detailed 
discussion about the risks and benefits of this procedure should be offered to the patient
There are significant concerns with repeated corticosteroid use, especially in the elderly and 
patients with diabetes mellitus. Repeated injections would patients at risk of developing 
osteopenia or osteoporosis, weight gain, Cushing syndrome, adrenal insufficiency, worsening of 
blood sugar control, and others. Clinicians must be diligent in questioning patients specifically 
about the potential recent use of steroids as this medication history is often not reported by the 
patient
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Piriformis Muscle Injection

Hemkumar Pushparaj and Anuj Bhatia

Essential Concepts
• Piriformis syndrome (PS) is a cause of deep gluteal pain syndrome and radicu-

lopathy in the lower limb of non-spinal origin.
• Relief from piriformis spasm and contraction may resolve both neuropathic and 

myofascial symptoms.
• Piriformis injection can be performed accurately and safely with ultrasound 

guidance.
• Therapeutic injectate choices include local anesthetics, steroids or botuli-

num toxin.

1  Overview

Low back or gluteal pain with radiculopathy is one of the most common presenting 
complaints encountered in pain clinics. Although this pain originates from the spine 
in the majority of patients, extra-spinal etiology needs to be considered when spinal 
etiologies have been ruled out. Piriformis syndrome (PS) is a common non-spinal 
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cause of lumbar radiculopathy that accounts for about 5–6% of cases [1]. It is more 
commonly seen in middle-aged female population [1].

2  Piriformis Syndrome

Piriformis syndrome (PS) – compression of the sciatic nerve by the piriformis mus-
cle – usually presents as localized myofascial pain in the gluteal region with fea-
tures of compression neuropathy in the lower limb [1]. Patients with piriformis 
syndrome often present with hip pain, buttock pain, dyspareunia (in female patients), 
and sciatica [2]. Intense and excessive contraction of the piriformis leads to pain in 
the gluteal region that is often worsened by sitting or by rising from a seated posi-
tion while irritation of the sciatic nerve that is in close proximity to the muscle 
causes neuropathic symptoms radiating down the leg [3]. Pathologies responsible 
for this syndrome include variations of the course of the sciatic nerve or the anat-
omy of the piriformis muscle with part of or the entire nerve traversing through the 
muscle, piriformis muscle trauma, hypertrophy, and spasm. However, a systematic 
review reported no significant difference in the incidence of piriformis syndrome 
between patients with traditional anatomy compared to those with anatomical varia-
tions [4].

This syndrome was first described by Robinson with the following features: (i) 
history of gluteal trauma, (ii) buttock or sacroiliac pain, which may radiate down the 
leg, (iii) gluteal muscle wasting, (iv) a palpable sausage-shaped muscle (v) a posi-
tive Lasegue sign, (vi) worsening pain with bending or lifting (vi) tenderness at the 
greater sciatic notch, (vii) improvement with conservative therapy [5]. A 12-point 
clinical scoring system has been proposed to have a sensitivity and specificity of 
96.4% and 100% respectively with a positive predictive value of 100% and a nega-
tive predictive value of 86.9% [6]. Specific diagnostic tests that can be used to diag-
nose PS are listed in Table 1. Most of these rely on reproduction of PS-associated 
pain with passive internal rotation of the hip. Differential diagnoses include 

Table 1 Manoeuvres to diagnose piriformis syndrome [1, 5, 7]

Sign Description
Freiberg’s sign Pain on passive forced internal rotation of the hip in the supine position
Pace’s sign Pain and weakness on resisted abduction and external rotation of the thigh in a 

sitting position
FAIR test Pain on the affected side on voluntary flexion, adduction, and internal rotation
Beatty’s 
maneuver

Active test that involves elevation of the flexed leg on the painful side while 
the patient lies on the asymptomatic side

Hughes test External isometric rotation of the affected lower extremity following maximal 
internal rotation
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radiculopathy, lumbar spinal stenosis, sacroiliac (SI) joint–mediated pain, hip joint–
mediated pain, facet joint–mediated pain, greater trochanteric pain syndrome, and 
pain intrinsic to the buttock musculature (deep gluteal pain syndrome) including 
superior or inferior gemelli, and obturator internus muscles [5].

There is no gold standard investigation to diagnose PS. Computed tomography, 
magnetic resonance (MR) imaging, MR neurography, and ultrasound can be used to 
image the piriformis muscle and the sciatic nerve but there are no specific diagnos-
tic features for PS on imaging. These imaging modalities can be used to exclude 
other causes of lumbar radiculopathy [5].

3  Indications and Contraindications

Treatment for PS is initiated with conservative strategies. Physical exercises 
(stretching exercises and isometric relaxation techniques) supplemented by oral 
pharmacological options such as non-steroidal anti-inflammatory drugs, muscle 
relaxants, and anti-neuropathic agents are often recommended [5]. Injection into the 
piriformis muscle with local anesthetics (LA), steroids or botulinum toxin A (BTA) 
are performed when the conservative treatment options fail. Surgical options may 
also be offered as a last resort which involves decompression of the sciatic nerve 
and piriformis muscle tenotomy [5].

Contraindications include infection at the injection site and patient refusal.

4  Clinical Anatomy

The piriformis is a biarticular muscle bridging the sacroiliac joint and the hip joint. 
It originates from the anterior surface of the second, third, and fourth sacral verte-
brae, sacrotuberous ligament and the capsule of the sacroiliac joint. It courses across 
the greater sciatic foramen and inserts onto the medial aspect of the greater trochan-
ter of femur [7]. The action of this muscle relies on the position of the hip. It is 
predominantly a lateral rotator when the hip is extended but it acts as an abductor 
when the hip is flexed. Nerve supply to the piriformis is from the posterior divisions 
of the fifth lumbar and first and second sacral ventral rami. The piriformis divides 
the deep gluteal space into superior and inferior parts. The superior gluteal neuro-
vascular bundle traverses superior to the piriformis whereas the inferior gluteal ves-
sels and nerve, sciatic nerve and pudendal nerve passes inferior to it (Fig. 1) [7]. In 
PS, the muscle can be palpated 1 to 2 cm inferior to the middle third of the line 
joining the posterior superior iliac spine (PSIS) and greater trochanter of the 
femur [7].

Piriformis Muscle Injection
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Fig. 1 Anatomy of structures passing through the greater sciatic foramen. The sciatic nerve exits 
usually beneath the piriformis. The neurovascular bundle above and below the piriformis are 
named superior and inferior gluteal vessels and nerves respectively. Left is lateral and right is 
medial in the figure

Table 2 Equipment required for injection into the piriformis muscle

Syringe 1–3 cm3

Needle 22 or 25-gauge hyperechoic needle (length: 80–120 mm)
Local anesthetic 0.25–0.5% bupivacaine

1–2% lidocaine
Corticosteroid Methylprednisolone or triamcinolone 40–80 mg
Botulinum Toxin A 50–100 IU diluted in 1–3 cm3 of normal saline

5  Equipment and Supplies

Piriformis muscle injections can be performed accurately with ultrasound guidance 
[8, 9]. A 22 or 25-gauge, 80 mm echogenic needle is used for the procedure after 
infiltrating the skin with local anesthesia (LA). Length of the needle (8 or 12 cm) 
may vary based on the patient’s body habitus (Table 2). Therapeutic medication in 
a volume of 1–3 cm3 is injected into the belly of the muscle. There is a lack of evi-
dence to support the use of steroids over LA [10]. Botulinum toxin A (BTA) is often 
administered and the onset of analgesia from this agent may take a few days but the 
benefit usually lasts for three to six months [11].

H. Pushparaj and A. Bhatia



391

6  Piriformis Injection – Ultrasound-Guided Technique

The patient is positioned prone for this procedure. The gluteal area is prepped and 
draped on the side to be blocked, from the ipsilateral iliac crest to the inferior gluteal 
fold and medially up to the midline while taking care not to allow seepage of solu-
tion into the perineum as it may be irritating to mucosa. A low frequency curvilinear 
transducer (2–5 MHz) is used for the procedure. The probe is initially placed just 
lateral to the posterior superior iliac spine with its long-axis parallel to the course of 
the piriformis muscle, i.e. a line drawn from the lateral sacral border to the greater 
trochanter. Iliac crest is visualized as a straight hyper echoic line beneath the gluteal 
muscles (Fig. 2). The probe is then moved caudally and the straight hyperechoic 
ilium disappears. This is the cephalad end of greater sciatic notch (GSN). The piri-
formis muscle is visualized traversing the GSN from deep sacrum and travelling 
across to insert into the greater trochanter of femur, deep to the gluteus maximus 
(Fig. 3). To aid in identification of piriformis, the patient can be asked to flex the 
knee to 90° and to rotate the hip joint externally and internally. This slides the piri-
formis into and out of GSN while the gluteus maximus remains static. Position of 
the sciatic nerve is also noted in relation to piriformis to denote any anatomical 
variation.

Fig. 2 Ultrasound scan at the level of the ilium, just inferior to the iliac crest. Left is medial and 
right is lateral in the scans

Fig. 3 Ultrasound scan at the level of the ischium. Left is medial and right is lateral in the scans
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Fig. 4 Needle trajectory from the medial side of the ultrasound probe (left side of the scan) show-
ing the target for needle tip placement and spread of injectate in the piriformis. Left is medial and 
right is lateral in the scans

The belly of the piriformis is the target for injection. The needle insertion point 
may be chosen either medial or lateral to the probe. The authors prefer needle entry 
around 2 cm away from the medial edge of probe in a near-vertical direction. A 
needle is advanced to reach the belly of the muscle. After injecting 0.2 cm3 of saline 
to confirm appropriate position of the needle tip, therapeutic medication is adminis-
tered (Fig. 4). Care is taken to ensure there is no spread of the medication inferiorly 
towards the sciatic nerve.

7  Potential Complications and Adverse Effects

Piriformis muscle injection is usually well tolerated by the patient. Procedural 
adverse effects include discomfort as injection into trigger points or an area of mus-
cle spasm may be painful. Complications are relatively rare and include transient 
worsening of pain, infection, injection around or into the sciatic nerve, and allergic 
reaction to the injected medications (Table 3).
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Table 3 Potential complications and adverse effects of injection into the piriformis muscle

Sciatic nerve block due to the spread of LA leading to possible transient foot drop or injury 
from needle trauma and or intraneural injection
Injury to the vasculature in the vicinity of the muscle (superior or inferior gluteal muscles) 
leading to the formation of a hematoma
Steroid injection into the muscle can cause muscle weakness, osteopenia, transient 
hypertension and hyperglycemia, and other systemic adverse effects
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Clinical and Technical Pearls
• The needle should be inserted through the skin approximately 2 cm medial 

to the medial edge of the transducer.
• “Toeing in” of the ultrasound transducer towards the needle could help to 

visualize the needle better.
• Visualization of the ischial spine, seen as a flat hyperechoic structure, indi-

cates that the scan is caudal to the piriformis.
• Bilateral piriformis injection is avoided to prevent possible bilateral sciatic 

nerve block.
• Pain relief has been shown to last for up to 6 months with injection of botu-

linum toxin A.
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Intercostal Nerve Blocks

Wenyu Pan, Sarah C. Corral, and Dalia H. Elmofty

Essential Concepts
• Intercostal nerve blocks are an effective method to provide postoperative analge-

sia after thoracic and upper abdominal surgery.
• Two major techniques are used to perform intercostal nerve blocks: the 

ultrasound- guided technique and the landmark technique also known as the 
“blind approach.”

• Compared to thoracic epidural anesthesia, intercostal nerve blocks may reduce 
duration of hospital stay and pulmonary complications following major thoracic 
surgery [1, 2].

• Potential complications of intercostal nerve blocks are pneumothorax, arterial 
puncture, hemothorax, and local anesthetic toxicity; performing successful inter-
costal nerve blocks requires technical expertise.

1  Overview

Intercostal nerve blocks are an effective method in providing analgesia in a variety 
of acute and chronic pain conditions, including after thoracic and abdominal sur-
gery. The major parts of the skin and muscles of the chest and abdominal wall are 
innervated by the intercostal nerves. In several settings, intercostal nerve blocks are 
shown to be effective. For major thoracic surgery, intercostal nerve blocks with 
liposomal bupivacaine may lessen duration of hospital stays and reduce pulmonary 
complications compared to thoracic epidural anesthesia [1, 2]. Ultrasound-guided 
intercostal nerve blocks have been shown to be as effective in pain relief for thoracic 
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Table 1 Intercostal nerve blocks for the management of thoracic and upper abdominal surgeries

Procedure Indications Techniques
Intercostal 
nerve block

•  Major thoracic surgery: thoracotomy and 
thoracostomy

• Mastectomy
• Chest wall trauma
• Chest wall tumors
•  Upper abdominal/flank surgery: gastrostomy, 

cholecystectomy, and percutaneous nephrolithotomy
• Herpes zoster pain
• Diagnostic nerve block

•  Landmark 
technique

• Ultrasound- 
guided technique

herpes zoster as fluoroscopy-guided epidural nerve blocks [3]. The accessibility of 
ultrasound makes intercostal nerve blocks an attractive choice. Ultrasound-guided 
intercostal nerve blocks at the 11th and 12th intercostal spaces have been shown to 
provide effective analgesia for percutaneous nephrolithotomy [4].

2  Indications and Contraindications

Intercostal nerve blocks can provide postoperative pain relief after major thoracic 
surgery, upper abdominal, and flank surgery [1, 2, 4, 5]. They can also provide anal-
gesia for shingles and postherpetic neuralgia [3], chest wall trauma [6], tumors, and 
as diagnostic nerve blocks to determine if an intercostal nerve is responsible for 
chest wall pain (Table 1).

Contraindications of intercostal nerve blocks are coagulopathy (relative contra-
indication) and localized infection at needle entry site.

3  Clinical Anatomy

The intercostal nerves carry both motor and sensory fibers. They originate from the 
ventral rami of thoracic nerves T1 to T11, while thoracic spinal nerve 12 gives rise 
to the subcostal nerve. The nerves travel parallel to the ribs in the subcostal groves 
after piercing the posterior intercostal membrane distal to the intervertebral fora-
men. They run between the parietal pleura and intercostalis intimus and culminate 
in two branches: the lateral cutaneous branch near the midaxillary line and the ante-
rior cutaneous branch near the midline. There are many anatomic variations of these 
nerves, for example, the lateral cutaneous branch innervates the skin and muscula-
ture of the lateral torso, reaching the skin at the lateral edge of the rectus abdominis 
anteriorly and the latissimus dorsi posteriorly. The anterior cutaneous branches of 
T2 through T6 innervate the skin of the anterior thorax, while the anterior cutaneous 
branches of T7 through T12 innervate the skin of the anterior abdominal wall and 
the rectus muscle [7].
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Table 2 Required supplies for intercostal nerve blocks

Syringe 3 or 5 mL
Needle Single shot: 20- or 22-gauge, 2 in.

Catheter placement: 18- or 20-gauge Tuohy needle
Anesthetic 0.25–0.5% bupivacaine

1–2% lidocaine with epinephrine 1:200,000
0.2–0.5% ropivacaine

Sterilizing and Resuscitation Chlorapep, Intralipid

4  Equipment and Supplies

Intercostal nerve blocks are easily performed at the bedside. A 5  cm3 syringe 
with a 20- or 22-gauge, 2 in. needle is utilized to inject 3 or 5 mL of the anes-
thetic solution at each level during a single-shot, multi-injection intercostal nerve 
block. An 18- or 20-gauge Tuohy needle can be utilized to place a local anes-
thetic catheter if desired. The local anesthetic solution usually consists of 
0.25–0.5% bupivacaine, 0.2–0.5% ropivacaine, or 1–2% lidocaine with or with-
out epinephrine. Resuscitation equipment such as intralipid should be readily 
available to treat local anesthetic systemic toxicity. Blood levels of local anes-
thetics after intercostal nerve blocks are higher than for most regional anesthetic 
procedures (Table 2).

5  Intercostal Nerve Blocks, Landmark Technique

For the landmark technique, the patient is placed in a prone, sitting, or lateral 
position with the block side up. The patient’s arms are positioned forward or 
hanging down allowing the scapula to retract laterally. This positioning is espe-
cially important when performing nerve blocks above the level of the fifth rib. 
Using aseptic technique, the inferior edge of the rib to be blocked is palpated 
and marked 6–8 cm laterally from the midline at the lateral border of the para-
spinous muscles, which correlates to the angle of the rib. A small amount of 
1–2% Lidocaine is injected at the site of needle entry. The skin is then drawn 
cephalad by about 1 cm and a 20 or 22 gauge needle is introduced at a 20 degree 
angle cephalad with the bevel facing up. After about 1 cm, the needle should 
make contact with the rib. The skin is allowed to slide back over the rib and the 
needle is advanced a few millimeters while scraping the bottom of the rib to 
enter the subcostal groove (Fig.  1) [7]. A “give” or “pop” may be felt while 
advancing the needle. Prior to injection, aspirate and then inject 3–5  mL of 
anesthetic fluid. This can be repeated on multiple levels and should be done one 
level cephalad and one level caudal to the intercostal nerve being targeted for 
adequate coverage.
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a b

Fig. 1 Landmark Technique for intercostal nerve blocks (a) Needle contacting 10th rib (b) Needle 
scraping the bottom of the 10th rib into the subcostal grove

6  Ultrasound Technique

For the ultrasound-guided technique, the same patient positioning can be used as in 
the Landmark technique. Using a high-resolution linear probe, the ultrasound probe 
is placed 4–5  cm lateral to the spinal process in a sagittal plane with a slightly 
oblique tilt. The intercostal neurovascular bundle is expected to lie between the 
internal intercostal muscle and the innermost intercostal muscle (Fig. 2). Needle 
entry occurs at the upper margin of the rib, one level caudal to the intercostal nerve 
being targeted at the angle of the rib as described above. Using the same 20-degree 
entry angle, insert the needle in an in-plane approach (Fig. 3) as this approach has 
an advantage of visualizing the needle shaft more clearly compared to an out-of- 
plane approach (Fig.  4). As the needle advances, it is important to hydrodissect 
repeatedly to confirm needle tip positioning. Continue to advance under direct visu-
alization until the needle tip reaches the level of the internal intercostal muscle 
(Fig. 5) [8]. Color Doppler may help visualize the intercostal vessels in the inferior 
intercostal grove (Fig. 6). First aspirate and then inject 3–5 mL of anesthetic fluid 
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Fig. 2 Sonoanatomy of the intercostal space. White arrow demonstrates the rib, yellow arrow 
demonstrates the external intercostal muscle (EICM), black arrow demonstrates the internal inter-
costal muscle (IICM), blue arrow demonstrates the innermost intercostal muscle (IMICM), red 
arrow demonstrates the parietal pleura, and black circle demonstrates neurovascular bundle
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Fig. 3 Ultrasound-guided In-plane Approach. Patient is placed in the prone position with ultra-
sound probe placed in a sagittal and slightly oblique tilt
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Fig. 4 Ultrasound-guided Out-of Plane Approach
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Fig. 5 Needle Endpoint. Needle is advanced until the needle tip reaches the level of the internal 
intercostal muscle
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Fig. 6 Color Doppler demonstrating intercostal vessels in the inferior intercostal grove
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while watching for spread of the medication. Repeat this process as above on mul-
tiple levels for adequate coverage.

7  Potential Complications and Adverse Effects

Although intercostal nerve blocks are generally well tolerated, there are potential 
risks of pneumothorax and, in extremely rarely situations, inadvertent arterial punc-
ture resulting in hemothorax [9, 10]. These risks can be lessened by utilizing ultra-
sound to guide needle and catheter placement. Patients with emphysema can be 
especially susceptible to needle puncture of the pleura. Visualization of the pleura 
sliding over the lungs after block placement can rule out an unintentional pneumo-
thorax. There can be a risk of systemic absorption and toxicity with the use of local 
anesthetics, especially in patients receiving multiple levels and bilateral injections. 
Patients may report dizziness, confusion, slurred speech, metallic taste, perioral 
numbness, and tinnitus [11]. Caution should be used in patients with allergic reac-
tions to local anesthetics to avoid an anaphylactic reaction [12].
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Clinical and Technical Pearls
• Intercostal nerve blocks provide a reliable unilateral dermatomal band for 

the vertebral level performed.
• If more than one level or bilateral coverage is required, multiple blocks 

may be necessary to achieve analgesia.
• Intercostal nerve blocks are relatively simple to perform with a thorough 

understanding of landmark anatomy and sonoanatomy.
• The key is to avoid complications such as pneumothorax or inadvertent 

injection into an artery; ultrasound guidance may decrease the chance of 
complications.

• Healthcare professionals performing these blocks must know how to deal 
with complications and have resuscitation materials nearby.
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Bedside Injections for Costochondral 
Pain

Ankit Maheshwari and Daniel Gotlib

Essential Concepts
• Costochondral pain is generally self-limited, with symptoms lasting weeks, 

months, or rarely longer.
• Tietze syndrome involves a single tender and swollen costochondral joint.
• Uncertain diagnosis should have further clinic workup for more life threatening 

pathologies.
• Local analgesic and steroid injections therapies may be beneficial to patients 

with more prolonged or severe symptoms.
• Costochondral joint injection may be an effective therapeutic tool in treating a 

variety of costochondral pain. Parasternal Blocks are an effective therapeutic 
tool in treating costochondral pain due to sternal fractures and pain from post- 
surgical anterior chest procedures.

• Costochondral pain can be managed with broader coverage blocks including 
Pectoralis nerve block (PEC1, PEC2), Serratus Anterior Plane (SAP), Erector 
Spinae Plane (ESP), Paravertebral, and Thoracic Epidural.

1  Overview

Costochondral pain, also known as costosternal syndrome, parasternal chondro-
dynia, or costochondritis, involves nociceptive signals originating from the costoster-
nal joints, or the associated sternum or ribs. Although the actual etiology is relatively 
unknown [1], patients usually report a history of chest trauma, or a musculoskeletal 
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injury including exertional exercise, heavy lifting, coughing, or sneezing. Pain is 
most commonly unilaterally located across multiple costosternal joints between sec-
ond to fifth ribs [1]. Pain is exacerbated by repetitive activities, tenderness to palpa-
tion, deep breathing, or coughing. Pain may be severe enough to cause changes in 
respiratory effort, and may exacerbate dyspnea especially in patients with underlying 
pulmonary pathology. This condition is relatively self- limited, with symptoms last-
ing weeks, months, or rarely years [2]. Although costochondral pain is a common 
complaint and diagnosis, a thorough history and physical must be obtained to dif-
ferentiate other etiologies or life-threatening disease processes for chest pain [2].

Swelling associated with costochondral joint pain can occur in Tietze syndrome. 
Compared to costochondritis, Tietze syndrome is rare, and affects a single costo-
chondral joint most commonly at the second or third costosternal joint [3]. Possible 
etiologies include infection, rheumatologic, or neoplastic processes. Infectious eti-
ologies are associated with stab wounds, post-surgery, or IV drug use [4, 5]. 
Neoplasm etiologies include primary or metastatic neoplasm to the costochondral 
joint and closely associated anatomy [6]. If suspected, additional workup may be 
required to determine and treat the primary pathology.

Initial treatment options include manual therapies such as physical therapy [7], 
osteopathic manipulation, chiropractic manipulation, or acupuncture. Medical treat-
ment involves analgesics, and nonsteroidal anti-inflammatories to help temporize 
pain. For more recurrent or severe symptoms, local analgesic and steroid injection 
therapies are beneficial [8].

2  Costochondral Joint Injection

 Indications and Contraindications

Costochondral joint injection can be used in the treatment of refractory costochon-
dral pain. Absolute contraindications include local infection, local tumor, local 
anesthetic allergy, lack of technical expertise, and patient refusal. Coagulopathy is a 
relative contraindication. Complications include pain, bleeding, infection, pneumo-
thorax, and local anesthetic toxicity. Uncertain diagnosis should have further clinic 
workup for more life-threatening pathologies.

 Clinical Anatomy

The first seven ribs are called true ribs since they attach directly to the sternum by car-
tilage. Ribs 2–7 contain a synovial joint since they contain a fibrous joint capsule con-
necting the rib to the sternum. Rib 1 joint is a synchondrosis since the hyaline cartilage 
is connected directly to the manubrium. Ribs 8–10 are called false ribs, and attach to 
the cartilage portion of the rib above each corresponding rib, forming a synovial inter-
chondral articulation. Ribs 11–12 are floating ribs, and do not attach at the anterior 
ends. These joints allow for rib articulation with respiration and truncal movements.
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The synovial joints of ribs 2–7 are most affected by costochondritis and Tietze 
syndrome. Subcutaneous tissue and pectoralis major muscle lie superficial to these 
joints. The intercostal muscles lie between the ribs and joints, and house the inter-
costal vessels and intercostal nerves. The pleura and lung lie deep to these joints 
(Fig. 1).

Fig. 1 Anatomy of the costochondral junctions, schematic. CL clavicle, R rib, ST sternum, CC 
cosochondral cartilage, EIMe external intercostal membrane, EIMu external intercostal muscle, 
PM pectoralis minor muscle, SAM serratus anterior muscle, Costochondral cartilage marked in 
yellow, Red spheres represent common sites of costochondral pain

Bedside Injections for Costochondral Pain
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Table 1 Required supplies for costochondral injection

Syringe 3–10 mL
Needle 22–27 gauge

1–1.5 in.
Single Injection 1–3 mL
Local 
Anesthetic

0.25–0.75% bupivacaine
0.5–2% lidocaine

Corticosteroid 10 mg triamcinolone parasite, with maximal dose of 40 mg/inj. or alternative 
corticosteroid

 Equipment and Supplies

Costochondral injections for costochondral pain can readily be performed at the bed-
side. Skin prep will be necessary for appropriate skin sterilization with chlorhexidine 
4% (or betadine in those allergic to it). A 3 to 10 mL syringe with local anesthetic 
(lidocaine 0.5 to 2% of bupivacaine 0.25 to 0.75%, or other), with or without cortico-
steroids, attached to a 22–27 gauge 1–1.5 in. needle will be needed to attain cutaneous 
anesthesia and advancement to the target tissue using anatomical landmark technique.

A linear high-frequency ultrasound probe with sterile probe cover is utilized for 
identifying target muscles, critical structures, and needle guidance. Adjustments in 
needle size and ultrasound probe of choice may be required depending on the 
patient’s body habitus (Table 1).

 Costochondral Injection—Landmark Technique

The patient is positioned in supine position. Palpate the costochondral joints to deter-
mine maximal local tenderness for needle insertion. Prep the chest in a standard 
aseptic fashion, and use sterile technique throughout the procedure. Insert the needle 
at the maximal tender point to the costochondral cartilage, then withdrawn 1 mm. 
Obtain negative blood aspiration, and inject local anesthetic into the area. Repeat for 
multiple costochondral joints as indicated. Superficial tissue infiltration of the costo-
chondral joint is sufficient to provide appropriate analgesia [9]. Advancement of the 
needle into the costochondral joint is not recommended using this technique.

Ultrasound is an excellent bedside imaging modality which can make this injec-
tion more precise and safer. Fluoroscopic guidance can be very effective for local-
izing the joints but is hard to obtain at the bedside and for this reason is not covered 
in detail in this chapter.

 Costochondral Injection Ultrasound Technique

The patient is positioned in supine position. Prep the chest in a standard aseptic 
fashion, and use sterile technique throughout the procedure. Place the probe parallel 
to the ribs approximately 4–5 cm lateral to sternum. The desired rib, costochondral 
junction, and pleura should be clearly identified. In parasagittal orientation, the cos-
tochondral joint will appear oval, and in the transverse orientation, the 
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Fig. 2 Bedside injections for costochondral pain. Ultrasound probe and needle orientation, 
schematic

costochondral joint will show as ribbon-shaped. The costochondral joint can appear 
homogenously hypoechoic, however hyperechoic echos in the joint with posterior 
acoustic shadowing have been associated with Tietze’s Syndrome [10]. Advance the 
needle in plane from lateral to medial until needle passes through the cartilage. 
Ensure tip of the needle is visualize at all times to avoid deeper penetration. Obtain 
negative blood aspiration, and inject local anesthetic into the targeted area (Fig. 2).

3  Parasternal Block

 Indications and Contraindications

Parasternal Block can be used in the treatment of anterior chest and sternal pain 
supplied by the anterior cutaneous branch of the intercostal nerve:
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• Sternal fracture [11]
• Post-surgical anterior chest (sternotomy) [12]

Absolute contraindications include local infection, local tumor, local anesthetic 
allergy, lack of technical expertise, and patient refusal. Coagulopathy is a relative 
contraindication. Complications include pneumothorax, pericardium puncture, 
local anesthetic toxicity, and hematoma.

 Clinical Anatomy

The Anterior Cutaneous Branch of Intercostal Nerve (ACB) pierces through the 
intercostal muscles around the midline and split into lateral and medial branches. 
These supply innervation to the anterior thorax. The ACB lies deep to the internal 
intercostal muscle, and superficial to the transversus thoracis muscle. The internal 
thoracic vein and artery run parallel along the sternum, and also lie between these 
muscles. For appropriate analgesic effect, bilateral blocks should be performed [13].

 Equipment and Supplies

The same as for costochondral joint injection. Please see Table 1.

 Parasternal Block Ultrasound Technique

Place the probe in parasagittal plane alone the midclavicular line and scan medially 
toward the sternum. Continue to scan medially until the transverse thoracic muscle 
comes into frame. The desired ribs, pleura, and innermost intercostal muscle, and 
transverse thoracic muscle should be clearly identified. The target area is between 
the innermost intercostal muscle and transverse thoracic muscle. Advance the nee-
dle in plane from caudad to cephalad. Obtain negative blood aspiration, and inject 
local anesthetic into the targeted area. Pleural displacement should be visualized 
[13] (Fig. 3).

 Potential Complications and Adverse Effects

Any interventional treatment has inherent risks of bleeding and infectious compli-
cations. The risks of catastrophic bleeding or infection is extremely low with these 
injections.

Costochondral injection, especially with landmark-based/blind technique, is 
associated with pleural injury and pneumothorax risk. Performing this injection at 
multiple levels further accentuates this risk. While performing this injection, special 
care must be taken to avoid this complication, and imaging should be utilized when-
ever possible.
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Clinical and Technical Pearls
• Adequate analgesia can be achieved with local anesthesia into the costo-

chondral joint, or local anesthesia infiltration superficial to the joint.
• Costochondritis is common, and affects multiple unilateral sternocostal 

joints most commonly second-fifth joints. Tietze syndrome is rare, affects 
a single sternocostal joint most commonly second-third joint, and associ-
ated with swelling.

• Costochondral blocks have risk for pneumothorax. Parasternal blocks have 
risk for pneumothorax and pericardial puncture.

• Costochondral pain can be managed with broader fascial plane blocks and 
neuraxial blocks. These include Pectoralis nerve block (PEC1, PEC2), 
Serratus Anterior Plane (SAP), Erector Spinae Plane (ESP), Paravertebral, 
and Thoracic Epidural. The advantages and limitations of these blocks are 
discussed in other chapters.

• For paraspinal block, pleural displacement should be visualized to ensure 
appropriate local anesthetic placement.

Fig. 3 Parasternal injections. Ultrasonogram, as labeled. The figure demonstrates an ultrasound 
image of costal cartilage at the junction with the sternum—the parasternal inflammation/painful 
side labeled with a yellow line. The white arrow points to the injection target. The injection should 
be performed while visualizing the depth of the pleura and lung to avoid injury to these structures
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Transversus Abdominis Plane Blocks

Jeffrey S. Grzybowski and Kristopher M. Schroeder

Essential Concepts
• Transversus abdominis plane blocks (TAP blocks) target the ventral rami of the 

T7-L1 thoracolumbar nerves to the abdominal wall muscular layers: the external 
oblique, internal oblique, and the transversus abdominis muscles in addition to 
their fascial sheaths, overlying skin, and underlying parietal peritoneum.

• Both blind and ultrasound guided techniques to a classic TAP block have been 
described providing post-operative analgesia for incisions typically below the 
level of the umbilicus.

• An ultrasound-guided subcostal TAP block technique has been described which 
can allow for improved cephalad distribution of analgesia.

• TAP blocks can be used as a diagnostic and/or therapeutic tool in the chronic 
pain population to identify a somatosensory origin of abdominal pain as well as 
to achieve pain relief while minimizing side effects of chronic opioid use.

• TAP blocks are large volume tissue plane blocks, which are very safe when per-
formed appropriately.

1  Overview

The landmark-based abdominal field block, now more commonly known as a trans-
versus abdominis plane (TAP) block was first described by Rafi in 2001 [1]. In his 
description, the “lumbar triangle of Petit” (see Fig.  1) is the critical landmark 
through which a large volume (20 mL) of local anesthetic is deposited following 
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Rectus
abdominis

Transversus
abdominis

Internal oblique

Latissimus dorsi

Triangle of Petit

Iliac crest

External oblique

Fig. 1 Anatomy of the transversus abdominis plane

tactile identification of the plane between the internal oblique and transversus 
abdominis muscles. Improvements in anatomical understanding and ultrasound 
imaging technology have facilitated contemporary interest in utilizing ultrasound 
guidance for this block. Following a period of initial rampant enthusiasm, the clas-
sic TAP block now seems most suited to provide significant perioperative analgesia 
for patients undergoing lower abdominal surgeries [2]. Both single-shot and con-
tinuous catheter techniques have been used successfully to provide intermediate and 
sustained analgesia. TAP blocks also have diagnostic utility and may be utilized to 
delineate somatic pain originating from the abdominal muscular wall from visceral 
pain transmitted via sympathetic innervation. The classic TAP block provides 
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analgesia below the level of the umbilicus. However, both recent cadaveric and 
volunteer studies have called into question the perceived maximal cephalad spread 
as well as overall dermatomal distribution of analgesia [3, 4]. One study cites poten-
tial limitations in midline abdominal analgesic coverage of TAP blocks that may be 
better managed with either rectus sheath or quadratus lumborum blocks [4].

2 Indications and Contraindications

Exact dermatomal analgesic coverage provided by a classic TAP block is variable. 
Bilateral blocks have been used for midline and transverse incision, whereas, unilat-
eral blockade may be sufficient for a lateralized incision. Classical TAP has been 
reported to provide adequate analgesia following caesarian section, hysterectomy, 
hernia repair, kidney transplant, colostomy closure, and multiple other lower 
abdominal surgeries [2].

Fischer et al. provided a review of potential indications for TAP block in the set-
ting of chronic abdominal pain [5]. A positive response to a diagnostic TAP con-
firms somatosensory origin, can contribute to therapeutic planning, and can also 
prevent the treating clinician from pursuing a course targeting visceral pain, poten-
tially including celiac plexus or splanchnic nerve blocks, both with higher risk pro-
files. Tables 1, 2, 3 discuss chronic post-surgical pain and application of the 
TAP block.

See Table 4 below for a listing of both absolute and relative contraindications to 
administration of a TAP block.

Table 1 Criteria Defining Chronic Post-Surgical Pain [6]

1. The pain should have developed after a surgical procedure
2. The pain should be of at least 2 months duration
3. Other causes for the pain should be excluded, for example, continuing malignancy (after 
oncologic surgery) or chronic infection
4. The possibility that the pain is continuing from a pre-existing problem should be explored 
and exclusion attempted

Table 2 Prevalence of persistent post-surgical pain and pre-procedure pain for various abdominal 
surgeries [7]

Surgical procedure
Prevalence of 
chronic pain Prevalence of preoperative pain

Cesarean section 6% Common, intermittent, acute labor pain
Cholecystectomy 23% Common, variable, from acute cholecystitis to 

chronic vague abdominal pain
Colectomy 28% Uncommon
Hernia repair, 
inguinal

12% Common, incident pain with peritoneal stretch

Transversus Abdominis Plane Blocks
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Table 3 Reported Outcomes from and Indications for TAP blocks in Patients with Chronic 
Abdominal Pain

Etiology of pain

Number 
of 
patients Injectate and Technique

Single 
shot or 
catheter Duration of pain relief

Pain secondary to 
chronic pancreatitis 
[8]

54 40 mg depot 
Methylprednisolone and 
10 mL of 0.25% 
levobupivacaine injected 
bilaterally via ultrasound- 
guided Subcostal TAP block

Single 
Shot

In patients with 
myofascial pain there was 
clinically significant pain 
relief at three months 
(95%, 20/21) and durable 
pain relief lasting six 
months (62%, 13/21). 
With visceral pain, the 
block provided transient 
benefit for two-three 
weeks in 6/17 patients

Chronic abdominal 
wall pain following 
surgery [9]

5 Unstated in one, between 40 
and 80 mg triamcinolone 
acetate with between 0.375% 
and 1% ropivacaine for the 
others

Variable Variable follow up and 
levels of pain resolution. 
Best case resulted in 
complete resolution of 
pain for 266 days 
following the single shot 
procedure

Chronic Abdominal 
Pain [10]

30 Unilateral blocks: 8 mL 
bupivacaine 0.25% with 
80 mg triamcinolone
Bilateral blocks: 9 mL 
bupivacaine 0.25% with 
40 mg triamcinolone on each 
side
(some performed at the 
subcostal level to treat high 
abdominal pain conditions)

Single 
Shot

Pain improved in 79.5% 
of the performed blocks. 
Percentage of pain 
improvement was 
54.7% ± 36.4% for an 
average of 84 ± 108 days

Persistent 
post-surgical pain 
following 
laparoscopic 
cholecystectomy 
[11]

1 Ultrasound-guided TAP with 
15 mL 0.5% ropivacaine 
followed by infusion of 
ropivacaine 0.2% at 8 mL/h 
with a patient controlled 
bolus of 12 mL with a 
60-min lockout interval

Single 
shot with 
catheter 
after

Marked improvement of 
pain level and functional 
status for 9 months from 
day of catheter insertion

Refractory cancer 
pain due to 
metastasis to 
abdominal wall 
[12]

1 Ultrasound-guided subcostal 
TAP. Performed with 10 mL 
1% lidocaine and 10 mL 
0.75% levobupivacaine for 
diagnostic block injected on 
each side. Performed with 
20 mL of 6% aqueous phenol 
to each side for therapy

Single 
shot

70% reduction in 
dynamic pain, 100% 
reduction in static pain 
maintained for 2 months

Table 4 Contraindications to TAP block [13]

Absolute Relative
Patient refusal Hemorrhagic diathesis
Local infection Anticoagulation treatment
Allergy to local 
anesthetic

Abdominal wall hernias (particularly a lumbar hernia through the 
“Triangle of Petit” in the classic TAP approach)
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3  Clinical Anatomy

The three lateral abdominal wall muscular layers: the external oblique, the internal 
oblique, and the transversus abdominis and their associated fascial sheaths (as well 
as the parietal peritoneum) are innervated by the ipsilateral ventral rami of T7 to L1 
[2] (Fig. 2).

External
oblique
muscle

Internal
oblique
muscle

Transversus
abdominus

muscle

Lateral
cutaneous

nerve

External
intercostal

muscle

Internal
intercostal

muscle

Innermost
intercostal

muscle

Rectus sheath

Anterior
cutaneous
nerve

Rectus muscle

Vertebra

Anterior primary
ramus

Posterior
primary ramus

Erector spinae 
muscle

Fig. 2 Innervation of the abdominal wall. The mixed motor-sensory nerve travels anteriorly 
between the internal oblique and transversus abdominis muscles. They branch in the midaxil-
lary line
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The external oblique aponeurosis and the anterior lamella of the internal oblique 
aponeurosis join and pass anteriorly to the rectus abdominis muscle forming the 
anterior rectus sheath. The aponeuroses from the posterior lamella of the internal 
oblique muscle and the transversus abdominis muscle pass posteriorly to the rectus 
muscle forming the posterior layer of the sheath. At this point, the ventral rami of 
the lower thoracic nerves are located between the posterior rectus sheath and the 
rectus muscle. They run antero-medially within the sheath traverse the rectus, and 
emerge from the muscle anteriorly to form the anterior cutaneous branches. Within 
the TAP, the lower thoracic spinal nerves give origin to the lateral cutaneous 
branches posterior to the midaxillary line.

4  Equipment and Supplies

A needle for injection of the local anesthetic solution of at least 50 mm in length is 
required to identify two losses of resistance if the landmark based (blind) technique 
is chosen. A blunt needle will reduce the risk of iatrogenic injury to abdominal vis-
cera or other structures. As the TAP block is a fascial plane block, large volumes of 
local anesthetic solution (15–30  mL/side) are generally required to provide the 
desired analgesic benefit. Additional equipment needed will vary depending upon 
the technique chosen. If an ultrasound-guided TAP block is planned, a high- 
frequency linear ultrasound probe is appropriate for use on thin adults and children. 
A low-frequency curvilinear probe may be helpful in large or obese adults. See 
Table 5 below for additional supplies/equipment.

Table 5 Equipment and Supplies Needed for Performing a TAP block

Sterile gloves
Procedure mask
Skin marker
50 mm-22 gauge insulated injection needle, 100 mm-21 gauge insulated injection needle, or 
other comparable sterile needle for injection of local anesthetic
Desired local anesthetic medication, between 10 mL and 30 mL for most adults depending on 
medication concentration, patient weight, and unilateral or bilateral planned block
Sterile skin prep
Sedation medication, if desired/requested in an awake patient
Sterile extension tubing for local anesthetic injection
(If planning on catheter placement)18 gauge Touhy needle with sterile catheter and appropriate 
sterile tubing, securing devices, etc. often packaged together for neuraxial/peripheral nerve 
catheter insertion
(If performing US-guided block)- sterile US conducting gel
(If performing US-guided block)- US probe: a high-frequency (10–13 MHz) linear transducer 
is often best or a low frequency (2–5 MHz) transducer for larger patients
(If performing US-guided block)- Ultrasound machine
(If performing US-guided block)- Sterile US probe cover
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5  Landmark Technique

With the patient in a supine position, the operator stands on the targeted side and 
palpates the iliac crest. The triangle of Petit is identified as a finger is moved poste-
riorly from the anterior crest and a gap is felt in the musculature of the lateral 
abdominal wall just posterior to the mid-axillary line. After sterile prep and draping, 
a blunt 50–100  mm needle (21–24 gauge) is inserted perpendicular to the skin 
approximately 1 to 2 cm above the iliac crest, toward the apex of the triangle (Fig. 3). 
Two distinct pops (loss of resistance) are felt. The first pop is appreciated as the 
internal oblique muscle is traversed and a second as the transversus abdominis fas-
cial plane is entered. After negative aspiration to exclude vascular puncture, 
15–20 mL of local anesthetic is injected [13, 14].

External Oblique margin

Needle insertion site within Triangle of Petit

Inferior border:
lliac Crest

Latissimus
Dorsi margin

Fig. 3 Landmarks for the 
transversus abdominis 
plane block
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6  Ultrasound Technique

With the patient in a supine position, the operator stands on the side to be blocked 
with the ultrasound machine on the opposite side. The patient is prepped and draped 
in sterile fashion and a sterile ultrasound transducer is used. The lateral abdominal 
wall is scanned using a high frequency linear transducer oriented transversely over 
the lateral abdominal wall between the iliac crest and the costal margin (Fig. 4). At 
this level, the abdominal wall exhibits three muscle layers with their surrounding 
connective tissue sheaths (Fig. 5). A blunt needle connected to flushed extension 
tubing is introduced anterior to the transducer and visualized in-plane along its 
entire path. The target is visualization of hydrodissection in the space bounded by 
the hyperechoic fascial sheath of the internal oblique and transversus abdominis 
layers (deep) such that the internal oblique lifts off the transversus abdominis. After 
appropriate hydrodissection, local anesthetic is injected in the plane [2, 13].

Fig. 4 Ultrasound transducer positioning
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the transversus abdominis 
plane. The black arrow 
indicates the target 
structure, a fascial plane 
between transversus 
abdominis muscle and 
internal oblique muscle

7  Complications and Adverse Effects

As TAP blocks rely on administration of relatively large volumes of local anes-
thetic, there is the potential for systemic toxicity. Little is known, however, as to the 
pharmacokinetics of local anesthetic agents injected into the TAP [13]. Care should 
be taken not to exceed safe maximal weight-based dosing of local anesthetic. 
Abdominal organ injury is a risk which is greatly reduced by careful attention to 
technique and ultrasound guidance. There has been a case reported of inadvertent 
injury in a patient with undiagnosed hepatomegaly. Localized swelling is possible 
after injection. A transient femoral nerve block is possible and is associated with 
local anesthetic tracking between the transversus abdominis muscle and the trans-
versalis fascia.

Clinical and Technical Pearls

• Although a classic anterior needle approach is described above, placement of the 
needle as far posteriorly as possible (by the mid-axillary line or behind) has the 
theoretical advantage of blocking the lateral cutaneous branches before they exit 
the TAP [2].

• An intramuscular needle location is identified by swelling of the internal oblique 
as opposed to separation from the transversus abdominis on ultrasound [2].

• The internal oblique is usually identified as the largest of the three lateral abdom-
inal wall muscles while the transversus abdominis appears as the most 
hypoechoic muscle.
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• A “flank bulge” sign has been described to indicate a successful TAP block. 
Within 10 min of block completion, flank bulging believed to indicate relaxation 
of lateral abdominal musculature has been noted along with diminution of cold 
sensation in thin patients [15].

• An out-of-plane technique may be more suitable in obese patients when the nee-
dle path is not easily seen. In addition, lateral positioning may facilitate plane 
identification and block performance in obese patients.

8  Subcostal Transversus Abdominis Plane Block

 Overview

The ultrasound guided subcostal transversus abdominis plane block was first 
described in a letter to the editor by Hebbard [16] in which he found superior cepha-
lad analgesic coverage, compared with a classic TAP block, via a subcostal approach. 
Improved cephalad coverage along with the possibility to place a subcostal TAP 
catheter made the block a viable alternative to epidural analgesia for supra- umbilical 
surgeries. He described deposition of local anesthetic between the transversus 
abdominis and the rectus abdominis muscles or between the rectus and the posterior 
rectus sheath depending upon the anatomy visualized on ultrasound with the trans-
ducer placed parallel and immediately beneath the subcostal margin. Since its intro-
duction, the subcostal TAP block has shown great utility in both the acute 
perioperative period for upper abdominal surgeries as well as in the chronic abdom-
inal pain population.

Indications and Contraindications

Similar to a classical TAP block (Tables 1, 2, 3 above), subcostal TAP single shot 
blocks and catheters have a variety of applications in acute perioperative analgesia. 
With improved mean block height per Hebbard [16], subcostal TAPs have been 
shown anecdotally to have efficacy for patients undergoing either open or laparo-
scopic cholecystectomy [17, 18]. After four hours, patients receiving a subcostal 
TAP for laparoscopic cholecystectomy had significantly lower pain scores than 
patients receiving a posterior TAP block [18].

Described chronic pain applications include use of a subcostal TAP injection 
with phenol performed after diagnostic block for intractable cancer pain due to 
metastatic involvement of the abdominal wall [12]. Additional applications for sub-
costal TAP blocks are described for both heterogeneous causes of chronic abdomi-
nal pain as well as that specifically due to chronic pancreatitis [8, 10].

See Table 4 for contraindications, similar to those for classical TAP block.

J. S. Grzybowski and K. M. Schroeder



427

 Clinical Anatomy

There are four paired muscles of the anterolateral abdominal wall: the anterior 
rectus abdominis muscles and, from deep to superficial, the three lateral muscles: 
transversus abdominis, internal oblique, and external oblique muscles. (Figs. 1 and 
2) Medially the three muscle layers form tendinous aponeuroses. Under ultra-
sound, once the rectus abdominis is identified near mid-line, moving the probe 
laterally the transversus abdominis muscle will appear beneath the rectus abdomi-
nis muscle [19]. In this technique, the local anesthetic is to be deposited between 
the transversus abdominis and the rectus abdominis muscles. Dermatomal cover-
age up to T6–T8, depending on the authors, is possible as local anesthetic hydrodis-
sects the TAP on a line connecting the xiphoid to the anterior iliac crest [5].

 Equipment and Supplies

As the subcostal TAP block is a fascial plane block, a large volume of local anesthetic 
is typically required. Appropriately sized blunt injection needles will be needed 
depending on whether a single shot block or a catheter placement is planned. An ultra-
sound machine with a linear, high frequency transducer is required for this technique. 
Additional necessary equipment is the same as with a classic TAP block, see Table 5.

 Ultrasound Technique

The ultrasound probe is placed over the anterior abdominal wall immediately infe-
rior and parallel to the costal margin. (Fig. 6) The rectus abdominis muscle is identi-
fied medially, and the probe then moved laterally until the transversus abdominis 
muscles are identified. Using the in-plane approach, the needle is inserted from the 
posterolateral position and advanced anteromedially until its tip is in the fascial 
plane between the rectus abdominis and transverse abdominis muscles [19] (Fig. 7). 
There, 15–20 mL of local anesthetic solution is injected and visualized on ultrasound.

 Complications and Adverse Effects

Similar to the classic TAP block, a large volume of local anesthetic is typically 
injected in this fascial plan block. Thus, the potential for systemic toxicity exists 
and care should be taken not to exceed safe maximal weight-based dosing of local 
anesthetic. Localized swelling as well as allergic reactions to the local anesthetic 
itself are possible. Careful attention to ultrasound and needle technique must be 
taken to avoid inadvertent injury to abdominal viscera or the pleural cavity in this 
approach.

Transversus Abdominis Plane Blocks
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Fig. 7 Ultrasonogram of the subcostal transversus abdominis plane. The black arrow indicates the 
target structure, a fascial plane between transversus abdominis muscle and rectus abdominis muscle

Fig. 6 Ultrasound transducer positioning for the subcostal transversus abdominis plane block
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Clinical and Technical Pearls

• When performing a right-sided block, care should be taken not to injure the liver, 
especially in patients with hepatomegaly or with very thin abdominal wall tissue.

• Subcostal TAP blocks with adjuvant steroid (triamcinolone) have been used to 
treat chronic pain resistant to other treatment modalities [10].

• Alternatively, a rectus sheath block can be performed with a needle insertion 
point medial to the transducer, near the xiphoid process with local anesthetic 
injected between the rectus muscle and the posterior rectus sheath if the transver-
sus abdominis is not visible in this supero-medial location and midline analgesia 
is desired.
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Abdominis Rectus Sheath Block

Jonathan M. Hagedorn and Ryan S. D’Souza

Essential Concept
• The rectus abdominis muscle (RAM) is the principal medial abdominal muscle.
• The paired vertical RAM are separated by the midline linea alba.
• The muscle is entirely enclosed by the rectus sheath cephalad to the umbilicus, 

but the posterior wall of the rectus sheath is absent caudal to the umbilicus leav-
ing epimysium and transversalis as the posterior border.

• The mechanism of action is the result of blockade of nociceptive afferent fibers 
from T9 to T11 that enter by piercing the posterior RAM and supply cutaneous 
sensation to the midline anterior abdominal wall and umbilical area.

• The rectus sheath block (RSB) can be performed by either landmark or ultra-
sound technique, and are used for pain control following midline abdominal sur-
geries from umbilical hernias to laparotomy.
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1  Overview

The rectus sheath block (RSB) was first described in 1899 to provide abdominal wall 
relaxation before an operation [1]. It has been described by both landmark and ultra-
sound-guidance, and is performed by placing injectate between the RAM and the 
posterior border of the rectus sheath. It is primarily used for post-operative pain 
control following midline abdominal surgery, including laparotomy, umbilical, and 
periumbilical operations (Table 1) [2, 3]. Studies have reported both significantly 
decreased intraoperative and postoperative opioid requirements, as well as reduced 
postoperative pain scores in patients undergoing abdominal surgery who received 
RSB [4–6]. Occasionally, in select high-risk patients with poor cardiovascular and 
physiological reserves, cases have been reported with successful use of bilateral 
RSBs as the sole primary anesthetic in simple periumbilical surgery [7].

2  Indications and Contraindications (Table 1)

Table 1 Rectus sheath blocks for the management of midline abdominal pain [2, 3, 8]

Procedure Indications Techniques Contraindications
Rectus 
sheath block

Treatment of midline perioperative 
pain, including midline laparotomy and 
periumbilical surgeries

1. Landmark 
technique
2. 
Ultrasound- 
guided

Absolute:
1. Patient or guardian 
refusal
2. Systemic or local 
infection
3. Allergy to injectate 
medications

J. M. Hagedorn and R. S. D’Souza
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3  Clinical Anatomy

The anterolateral abdominal wall is innervated by the anterior rami of spinal nerves 
T7–T12 [1, 3]. These spinal nerves become the intercostal, subcostal, and iliohypo-
gastric/ilioinguinal nerves. These nerves will exit their initial course and run 
between the internal oblique and the transversus abdominis muscles. Eventually, the 
T7–T12 nerves puncture the rectus sheath and RAM before ending as anterior cuta-
neous nerves [8] (Fig. 1).
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fascia

Scarpa’s
fascia

Traversalis
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Extraperitoneal fat

Parietal
peritoneum

Intestine
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Rectus Sheath
Above Arcuate Line
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EO�External oblique muscle
IO�Internal oblique muscle
TA�Transversus abdominus muscle
RA�Rectus abdominus muscle

Fig. 1 Cross-sectional orientation of the abdominal wall musculature with other surrounding 
structures
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Table 2 Required supplies for rectus sheath block

Syringe 20 mL
Needle 22 or 25 gauge Tuohy or short-beveled needle

2–5″
Anesthetic Physician preference, but we prefer:

0.25–0.5% bupivacaine
1–2% lidocaine
Lidocaine/bupivacaine combination: 1:1–1:3 ratio

Corticosteroid Physician preference, but we prefer:
Triamcinolone 5–40 mg (t1/2 life: 18–36 h) Betamethasone 18 mg (t1/2 life: 
36–54 h) Dexamethasone 4 mg (t1/2 life: 36–54 h)
Methylprednisolone 80–125 mg (t1/2 life: 18–36 h)

4  Equipment and Supplies

Rectus sheath blocks can be performed at the bedside or intraoperatively. The physi-
cian will need a two to five-inch needle (depending on body habitus of the patient), 
extension tubing (optional), a 20 milliliter (mL) syringe, and 20 mL of injectate 
(10 mL per side). Anesthetic solution usually consists of the local anesthetic lido-
caine or bupivacaine, or a combination of the two, with or without a corticosteroid. 
For longer lasting pain relief, a catheter can be threaded into this area during the 
block procedure to allow additional future boluses to be provided as needed 
(Table 2).
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5  Rectus Sheath Block, Landmark Technique

In a supine patient, a location cephalad to the umbilicus and approximately two to 
three centimeters from the midline is chosen (Fig. 2). A five-centimeter needle is 
directed through the skin at a right angle. An initial tactile pop indicates penetration 

Fig. 2 Relevant surface anatomy for performance of the landmark technique injection

Abdominis Rectus Sheath Block
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of the anterior rectus sheath. The needle is advanced through the RAM until further 
resistance is met. This indicates the needle location is at the posterior rectus sheath 
[1, 8]. Ten mL of solution should be injected here. The procedure should be repeated 
on the contralateral side. The blind technique should be avoided caudal to the umbi-
licus given the absence of the posterior rectus sheath [1]. Recently, a neurostimula-
tor guided approach to RSB was described as a feasible approach that results in 
optimal local anesthetic spread and blockade in about 75% of patients without the 
use of ultrasound [9].

6  Rectus Sheath Block, Ultrasound Technique

The RAM is imaged with a high-frequency ultrasound probe above the level of the 
umbilicus with the patient supine (Fig.  3a). We recommend an initial transverse 
orientation of the ultrasound probe to identify the linea alba and the paired 
RAM. From this location, the probe is moved laterally to visualize the lateral aspect 
of the RAM. If injection is performed at the medial margin of the RAM, it does not 
lead to reliable coverage of the target nerves. Skin markings can be applied to these 
landmarks, if desired. Typical imaging depth is four to six centimeters. Next, the 
probe is rotated 90 degrees to obtain a longitudinal view of the RAM. Once a clear 
image is obtained of the RAM and its posterior border, the needle is introduced 
through the skin and followed in-plane on the ultrasound image to the appropriate 
position between the posterior aspect of the RAM and the posterior rectus sheath [1, 
8] (Fig. 3b). Lastly, introduction of the injectate will allow hydrodissection of the 

a b

Fig. 3 (a) Probe orientation for Rectus sheath blocks to provide analgesia at the level of the umbi-
licus; (b) Ultrasound-guided injection of local anesthetic between the lateral border of the left 
rectus abdominis muscle and the posterior rectus sheath. In this image, it is noted that the nerves 
run craniocaudally along with the deep inferior epigastric artery (DIEA). (Reprinted from Visoiu 
et al. with permission of the publisher. Copyright © 2019, John Wiley and Sons Inc. Authorization 
for this adaptation has been obtained both from the owner of the copyright in the original work and 
from the owner of copyright in the translation or adaptation)
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Fig. 4 Cross-sectional depiction of the block needle in appropriate position with initial placement 
of the injectate

muscle away from the rectus sheath (Fig. 4). This should be performed bilaterally. 
An initial 10 mL bolus is applied to each side after calculating the maximum dos-
ages and selecting an appropriate local anesthetic concentration to avoid toxicity. If 
desired, a catheter can be threaded five to six inches into this space so that intermit-
tent additional boluses can be given.

7  Potential Complications and Adverse Effects

In addition to the expected risks from any procedure (i.e. infection, bleeding, pain, 
damage to surrounding structures, local anesthetic toxicity, etc.), RSBs carry the 
risk of inadvertent needle entry into the peritoneal cavity with potential puncture of 
an organ within this space or injection into the superior and/or inferior epigastric 
vessels [1, 2, 8]. These risks are quite rare, particularly with ultrasound guidance.

Clinical and Technical Pearls
• Given the proximity of the needle tip to the peritoneal cavity, we strongly 

recommend ultrasound guidance throughout the procedure.
• Rectus sheath blocks should be used following midline abdominal surger-

ies. Lateral incisions will not be covered with this technique.
• Special attention will be required to provide this injection safely in the 

patient with a past history of prior abdominal surgeries.
• We do not recommend performing this technique below a level one-third 

of the distance from the umbilicus to the pubic symphysis due to anatomi-
cal loss of the posterior rectus sheath and increased risk of inadvertent 
entry into the peritoneal cavity.

Abdominis Rectus Sheath Block
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Ilioinguinal and Iliohypogastric Nerve 
Block

Dominika Lipowska James and Maryam Jowza

Essential Concepts
• Iloinguinal and iliohypogastric neuralgias can occur as a consequence of trauma 

or iatrogenic injury such as surgery.
• Blockade of these nerves can be helpful with symptom control.
• Nerve blocks can be performed using landmark technique or ultrasound guidance.
• The nerves can be blocked with an injection targeting the neurovascular bundle 

layer located between internal oblique and transversus abdominis muscle.

1  Overview

The ilioinguinal (II) and iliohypogastric (IH) nerves are frequently blocked to pro-
vide pain relief for the lower abdominal wall pain. Blockade of these nerves can be 
helpful in setting of acute pain, for example as the analgesic for an inguinal hernia 
repair or for chronic pain related to neuralgias [1]. Blockade can be performed at the 
bedside and can be done either utilizing landmark technique or with ultrasound. The 
ilioinguinal (II) and iliohypogastric (IH) blocks are also suitable in management of 
acute perioperative pain in both the adult and pediatric population [2, 3].
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2  Indications and Contraindications

Ilioinguinal and iliohypogastric nerve blocks are indicated for treatment of pain 
secondary to ilioinguinal and iliohypogastric neuralgias. Neuralgias of iliohypogas-
tric (IL) and ilioinguinal (II) nerves are often a result of accidental mechanical 
trauma, or iatrogenic injury following surgical intervention. Mechanical trauma to 
the lower abdomen such as blunt trauma from motor vehicle collision or stretch 
injury with pregnancy, may result in neural injury and/or nerve impingement. 
Iatrogenic neuropathy is prone to occur as a result of low abdominal surgeries such 
as appendectomy, hysterectomy, orchiectomy, abdominoplasty, inguinal hernia 
repair, and cesarean section. In most cases, neuralgias occur secondary to intraop-
erative nerve injury either as a result of transection or traumatic trochar placement 
[4]. Neuralgias with delayed onset of symptoms are often secondary to nerve entrap-
ment due to postsurgical scar tissue formation or surgical mesh implantation [5]. 
Some patients may experience II/IH neuralgia as a result of tissue adherence sec-
ondary to endometriosis [6].

Diagnosis of the ilioinguinal neuralgia requires a careful history and physical 
examination (Table 1). Patients will often report pain involving lower abdomen 
and upper thigh, as well as pain referring to anterior genital region. Patients may 
also report diminished sensation or increase in sensitivity in the region [7]. On 
examination, there is tenderness on palpation medial and inferior to the anterior 
superior iliac spine and impaired sensation along the sensory distribution of the II/
IH nerves. Complete neurologic examination is mandatory to exclude genitofem-
oral neuralgia, lumbosacral radiculopathy, plexopathy, or other neuropathic con-
ditions. Genitofemoral nerve neuralgia is often difficult to discern from 
ilioinguinal/iliohypogastric neuralgia as the cutaneous innervation of those nerves 
shows significant overlap [8]. II/IH blocks may be used as diagnostic tools to rule 
out other causes of low abdominal neuropathic pain.

Some studies suggest that visual evaluation of the II/IH nerves using ultrasonog-
raphy and/or MR neurography, as well as functional evaluation with electromyog-
raphy may aid in identification of injured nerves [9–11].

Contraindications to ilioinguinal and iliohypogastric nerve blocks include patient 
refusal or inability to cooperate, allergy to medications used (local anesthetics and/
or steroids) or infection at the site of injection. One should consider peripheral nerve 

Table 1 Diagnostic Features of Ilioinguinal/Iliohypogastric Neuralgia

History Symptoms Physical
Trauma
Surgery
Pregnancy

Burning, lancinating lower abdominal/upper 
thigh pain
Sensory disturbance (hypoesthesia, hyperalgesia, 
hyperesthesia) lower abdomen/upper thigh
Pain referring to groin/genitalia

Tenderness to palpation medial 
to ASIS
Pain with hip extension
Sensory impairment in 
distribution of II/IH nerve 
supply
Pain at site where nerve exits 
inguinal canal
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Table 2 Interventional Treatment Options

Procedure Indications Techniques Contraindications
IL/IH nerve block Diagnosis and treatment of 

IH/IL neuralgia
Landmark 
technique
Nerve stimulator
Ultrasound- 
guided

Absolute:
Patient refusal
Local infection
Allergy to local 
anesthetic
Inability to cooperate
Relative:
Coagulopathy

Pulsed RF
Cryoablation

Treatment of IH/IL neuralgia Ultrasound- 
guided

Same

Peripheral Nerve 
Stimulation

Treatment of chronic 
refectory neuralgia

Ultrasound Same

Table 3 Sensory and motor innervation of low abdominal nerves

Nerve/root Cutaneous innervation Motor innervation
Ilioinguinal (T12/L1)
Iliohypogastric (T12/
L1)
Genitofemoral (L1/L2)

Anterior branch:
    Lower abdomen
    Area superior to pubis
Lateral branch
    Lateral gluteal region
Medial thigh
    Female—pubis and labia majora
    Male—base of penis and anterior 

scrotum
    Superior aspect of thigh
    Female—labia
    Male—scrotum

Internal oblique 
muscle
Internal oblique 
muscle
Cremaster

blocks with caution in patients with preexisting neural deficits, history of bleeding 
disorder or on anticoagulation therapy (Tables 2 and 3).

3  Clinical Anatomy

The II nerve and the IH nerve arise as a trunk from the anterior ramus of the T12 and 
L1 nerves. The trunk divides into the II/IH nerves at the lateral edge of the psoas 
muscle anterior to the quadratus lumborum, with the II nerve running parallel but 
inferior to the IH nerve (Fig. 1). They then course in the inferior and anterior direc-
tion to pierce the transversus abdominis and internal oblique muscle superior to the 
anterior superior iliac spine. The II/IH nerve bundle traverses superiorly to the ilio-
inguinal ligament to finally enter the inguinal canal ultimately exiting at the level of 
the superficial inguinal ring.

The ilioinguinal nerve functions as a sensory nerve to the superior medial thigh 
with the IH nerve providing innervation primarily to the region superior to pubis. In 
women, II and IH nerves also provide sensation to the anterior one third of the labia 

Ilioinguinal and Iliohypogastric Nerve Block
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Lateral cutaneous
branch of
iliohypogastric
nerve

Anterior branch
of iliohypogastric
nerve

Ilioinguinal nerve

Fig. 1 Anatomy of ilioinguinal and iliohypogastric nerves (LIHN- lateral cutaneous branch of 
iliohypogastric nerve, AIHN - anterior branch of iliohypogastric nerve, IIN- ilioinguinal nerve)

Table 4 Ilioinguinal/Iliohypogastric block supplies

Syringe 3 mL and 10 mL
Needle 27 g ½ to 1½ for skin local

22 g echogenic needle (author preference)
Anesthetic 1–2% lidocaine (skin local) (1–2 mL)

0.5% Bupivacaine (6 mL)
Corticosteroid Triamcinolone 40 mg or Methylprednisolone 80 mg

and the root of clitoris. In men, the nerves supply the anterior one third of the scro-
tum and base of the penis. The cutaneous distribution of these nerves often overlaps 
and may be difficult to distinguish from involvement of various branches of the 
genitofemoral nerve [8].

4  Equipment and Supplies (Table 4)

5  Ilioinguinal and Iliohypogastric Nerve Blocks, 
Landmark Technique

Landmark based approaches to II and IH nerve blocks vary tremendously through-
out the literature. One of the most commonly cited techniques, identifies point of 
needle entry for the II/IH block as localized 2 cm medial and 2 cm superior from the 
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Fig. 2 Anatomic 
landmarks for IL/IH block

anterior superior iliac spine (ASIS), along the diagonal line between the ASIS and 
the umbilicus (Fig. 2). A needle is advanced perpendicular to the skin until two pops 
are felt. The first “pop” is penetration of the external oblique aponeurosis. At this 
juncture about 5 mL of injectate is deposited. The needle is then advanced until a 
second “pop” is felt. This marks penetration of the aponeurosis of the internal 
oblique muscle. At this juncture, the needle tip is presumed to be in the plane 
between the external oblique muscle and transversus abdominus muscle. A further 
5 mL of injectate is deposited. Some publications advise needle insertion to be 1 
inch medial and 1 inch inferior from ASIS towards the pubic symphysis for the IH 
nerve block, and 2 in. medial and 2 in. inferior for the II nerve block [6, 12].

Caution should be taken while performing this technique as the anatomy of the 
abdominal muscular layers may be altered in patients with prior history of low 
abdominal surgery.

6  Ultrasound Technique

Due to anatomical variability, success with the landmark-based technique is esti-
mated to be between 55 and 90% with a common reason for failure being deposition 
of local anesthetic in the incorrect muscle layer [12]. Ultrasound helps to improve 
the success rate.

In the ultrasound guided technique, the key to effective block is clear visualization of 
the muscle layers. With the patient in the supine position, the ASIS is identified. A high 
frequency linear probe (6–13 MHz) is placed parallel to the inguinal ligament with the 
lateral border of the probe over the iliac crest. In this position, the bony drop out of the 
iliac crest can be identified and the iliac crest itself will be seen as a hyperechoic struc-
ture. Alternatively, the transducer can be pointed towards the umbilicus (Fig. 3).

Ilioinguinal and Iliohypogastric Nerve Block
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Fig. 3 Positioning for ultrasound guided block

Fig. 4 Ultrasound anatomy of abdominal wall and II/IH neurovascular bundle (internal oblique 
muscle (purple), internal oblique muscle (green), transversus abdominis muscle (blue), iliohypo-
gastric nerve (yellow/dotted arrow), ilioinguinal nerve (orange/solid arrow), circumflex ilioingui-
nal artery (red/interrupted arrow)

The layers of the abdominal wall, from superficial to deep are: skin, external 
oblique muscle, internal oblique muscle, transverse abdominis muscle, and perito-
neum (Fig. 4). The peritoneum is easily identified by its peristaltic movements. The 
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probe may need to be tilted in the cephalad or caudad direction for improved visu-
alization. The II and IH nerves may be visualized as oval structures in the facial 
plane between the internal oblique and transverse abdominis muscles. It is not 
uncommon that visualization of the neurovascular bundle housing the II and the IH 
nerves may be challenging.

Direct visualization of the nerve is not necessary for effective block placement, 
whereas successful identification of the facial layers is essential. The deep circum-
flex iliac artery courses in close proximity lateral to II/IH nerves and may be detected 
by employing color doppler [13, 14].

After identification of the facial layers, the needle can be advanced from the lat-
eral to medial direction if using an in-plane technique until the needle tip lies in the 
plane between the internal oblique and transversus abdominis muscles. Caution 
must be taken to avoid needle placement beyond the transversus abdominis muscle 
to avoid breach of the peritoneum, as this may result in inadvertent bowel injury. 
Continuous visualization of the needle tip during the needle advancement is of out-
most importance [15]. Upon confirming a proper needle placement, a solution of 
6–10 mL of injectate deposited under real time ultrasound should show lateral to 
medial spread with separation of transversus abdominis and external oblique mus-
cles. An out of plane technique may also be used.

The technique described above can be used for pulsed radiofrequency treatment 
or cryoablation of the nerves. These techniques are thought to potentially provide 
longer duration of pain relief as compared to steroid injections [16]. Discussion on 
merits of peripheral nerve block vs ablation or stimulation is beyond the scope of 
this chapter, however, these techniques have also been described in treatment of II/
IH neuralgias (Fig. 5) [17].

Fig. 5 Ultrasound image 
of II/IH block with 
evidence of hypoechoic 
needle aiming at 
iliohypogastric nerve 
(yellow) with the 
ilioinguinal nerve lateral 
(orange) and circumflex 
ilioinguinal artery in (red)

Ilioinguinal and Iliohypogastric Nerve Block



446

7  Potential Complications and Adverse Effects

Complications related to II and IH nerve block are rare. The most common compli-
cation is worsening of pain post injection. The most serious complication includes 
inadvertent entry to the peritoneal cavity with possible bowel perforation [18] due 
to advancement of the needle past the transversus abdominis muscle. Direct needle 
visualization during ultrasound guidance can help minimize this risk.

As with any other injection the risk of bleeding resulting in hematoma or infec-
tion at the injection site, allergic reaction to injected medications as well as lack of 
post-procedural pain relief may occur [19].

Local anesthetic toxicity is also a rare complication as the dose of local anes-
thetic typically used for this block is generally too low to reach toxic levels [20]. 
Occasional spread of local anesthetic to involve femoral nerve has also been 
described [21].
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Genitofemoral Nerve Block

Melanie G. Wood, Kanishka Rajput, and Robert M. Chow

Essential Concepts
• The GFN block is a useful diagnostic and treatment tool for acute or chronic groin/

pelvic pain.
• GFN blocks are commonly used in the perioperative period for inguinal hernia 

surgeries, but have been used for other groin surgeries as well.
• GFN blocks cover visceral pain that transversus abdominis plane (TAP) 

blocks do not
• GFN blocks can be easily and safely performed at the bedside.

1 Indications and Contraindications

The GFN block is a useful diagnostic and treatment tool for pelvic or groin pain that 
may occur as a complication of groin surgeries or abdominal surgeries that result 
in possible damage to nerves due to trocar or retractor placement or entrapment with 
the scar tissue formation. In addition, the genitofemoral nerve block can be used for 
analgesia in  the perioperative setting for  inguinal hernia repairs as well as other 
surgeries. Its value is found in blocking the visceral pain that ilio-inguinal and ilio- 
hypogastric blocks cannot cover [1]. As such,  it has been utilized in conjunction 
with ilio-inguinal and ilio-hypogastric blocks for other groin surgeries including 
femoral endarterectomies, endovascular aneurysm repair (EVAR), and extracorpo-
real membrane oxygenation (ECMO) cannulation [2–4]. GFN blocks and GFN 
ablations have also  been used for both chronic inguinal and scrotal pain [5–7].
Contraindications include infection at the planned procedure site or severe systemic 
infection, patient refusal, allergy or intolerance to injectate or its components. 
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Coagulopathy, including iatrogenic, and platelet dysfunction, including iatrogenic, 
and not typically contraindications for this procedure. However, an assessment of 
the risks and benefits of the procedure, and a detailed discussion with the patient are 
mandatory.

2  Clinical Anatomy

The genitofemoral nerve arises from L1-L2 segments of the lumbar plexus. The nerve 
then passes inferiorly, piercing the psoas muscle and then splitting into two divisions.

The genital branch carries mostly sensory fibers along with the motor component 
of the cremaster reflex. It courses through the deep inguinal ring and through the 
inguinal canal, where it innervates the anterior scrotum in males and the mons pubis 
and labia majora in females.

The femoral branch passes deep to the inguinal ligament within the muscular 
section of the femoral canal. It provides sensory innervation to the upper, medial, 
and anterior thigh as well as the sensory component of the cremaster reflex (Fig. 1).

Quadratus
lumborum muscle

Psoas muscle

Abdominal
muscles (cut)

Iliacus m.

Inguinal ligament

External inguinal ring

Spermatic cord

Testicle and scrotum

Iliohypogastric nerve

Genitofemoral nerve
Ilioinguinal nerve

Ilioinguinal nerve

Femoral branch

Genital branch
Genitofemoral nerve

Fig. 1 Genitofemoral nerve anatomy, as labeled
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3  Equipment and Supplies

Genitofemoral nerve blocks can be performed at the bedside. A sterile interven-
tional procedure tray with 4% chlorhexidine or another antiseptic solution are typi-
cally used. A 5-10 mL syringe with 22–25 Gauge 1.5–2.5-in. needle are typically 
used. The anesthetic solution usually consists of 5–10 mL of a medium to long- 
acting local anesthetic (LA) is used. The block that specifically targets the genital 
branch can utilize 5 mL of LA injected  inside and/or around the spermatic cord. 
Corticosteroids can be utilized for chronic pain, if no contraindications, and no 
concerns about potential side effects (Table 1).

Table 1 Equipment and supplies for genitofemoral nerve block

Needle 22 g or 25 g
Syringe 5 mL × 2 or 10 mL
Anesthetic For genital branch:

   5–10 mL of 0.25% bupivacaine or 0.2% ropivacaine around the spermatic cord/
round ligament

For femoral branch:
   5–10 mL of 0.25% bupivacaine or 0.2% ropivacaine
Combined:
   10 mL of 0.25% bupivacaine or 0.2% ropivacaine

Genitofemoral Nerve Block
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4  Genitofemoral Nerve Block, Landmark Technique

The genitofemoral nerve block usually refers to block of the genital branch of the 
nerve. The patient is placed in the supine position, then a 22 g or 25 g needle is intro-
duced 1 cm superior and lateral to the pubic tubercle with a field block aimed towards 
the inguinal canal. This blind landmark technique can put structures such as the sper-
matic cord and peritoneum at risk for accidental injury and is not commonly used [8].

5  Genitofemoral Nerve Block, Ultrasound Technique

 Genital Branch

The patient is placed in supine position. A linear probe is placed inferior to the 
inguinal canal in the transverse orientation to locate the femoral artery. The probe is 
then rotated to the longitudinal orientation and moved cephalad until the artery is 
seen diving deep toward the inguinal ligament. The probe is then rotated to the 
oblique position, and the spermatic cord, an oval or circular shape with 1–2 arteries, 
will then be identifiable (Fig. 2).

In women, the round ligament will be seen. A 21 g or 22 g echogenic needle is 
introduced in plane. Total of 5–10 mL of local anesthetic is injected adjacent to the 
spermatic cord. In women, the local anesthetic is administered around the round 
ligament. [8–10]

 Femoral Branch

In order to block the femoral branch of the GFN, a linear ultrasound probe is placed 
parallel and superior to the inguinal ligament to visualize the external iliac artery 
(EIA) (Fig. 3).

Fig. 2 Genitofemoral Nerve Block (Genital Branch) in male. Probe and needle orientation, on the 
left. Ultrasonogram, on the right. Blue Arrowhead—Spermatic Cord
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The nerve is typically not seen but is found in the same fascial layer as the EIA. A 
21 g or 22 g echogenic needle is inserted until it is directly lateral to the EIA. Then 
5–10 mL of local anesthetic is deposited in the peri-arterial region [3].

A second approach has been described, which also uses a 21 g or 22 g echogenic 
needle and 10 mL of LA deposited lateral to the femoral artery and caudal to the 
inguinal ligament between the fascia lata and the fascia iliaca [4].

 Combined Genitofemoral Block

A novel approach for the GFN block has been described by Yoshida et al., which is 
performed in conjunction with a quadratus lumborum (QL) block. This technique 
uses the “shamrock view”, which can be obtained just superior to the iliac crest in 
the axial plane. It is formed by the “stem” or transverse process of L4, and the 
“leaves” or the QL, psoas major and erector spinae muscles (Fig. 4).

Fig. 3 Genitofemoral Nerve Block (Femoral Branch). Probe and needle orientation, on the left. 
Ultrasonogram, on the right. White Arrow—External Iliac Artery. Blue Arrowhead—External 
Iliac Vein

Fig. 4 Combined Genitofemoral Nerve Block. Probe and needle orientation, on the left. 
Ultrasonogram, on the right. Shamrock View: Q—Quadratus Lumborum Muscle, E—Erector 
Spinae Muscle, PMM—Psoas Major Muscle, T—Transverse Process, VB—Vertebral Body
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After the quadratus lumborum block is completed, the needle is advanced 
through the fascia of the psoas major muscle (PMM) and 10 mL of local anesthetic 
is deposited in the sub-fascial layer of the PMM. In the original pilot study, 9 out of 
11 patients had blocks of both branches with this approach [11]. Of note, cadaveric 
studies have shown that local anesthetic spread to the GFN after a standard quadra-
tus lumborum block occurs in 20% of cases [12].

6  Potential Complications and Adverse Effects

This procedure is considered to be extremely safe. Few complications of the genito-
femoral nerve block have been described, but several are theoretically possible. 
With injection into the spermatic cord, there is danger of damage to the internal 
spermatic cord structures or of a spermatic cord hematoma. There is also concern 
for unintentional blockage of the femoral nerve. If the landmark technique is uti-
lized, there is also the possibility of puncture of the peritoneum.
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Clinical and Technical Pearls
• The GFN can be performed at the bedside for management of  acute or 

chronic groin and scrotal pain.
• The GFN block significantly reduces the amount of intraoperative opioid 

required for inguinal hernia repair surgeries.
• Although useful for perioperative analgesia, Stav et al. demonstrated that 

the GFN block is most effective when performed in conjunction with a 
TAP block [13]. Thus, the GFN block can be used with other peripheral 
nerve blocks to obtain surgical anesthesia or perioperative analgesia for 
groin surgeries.
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Pudendal Nerve Block

Adi Cosic and Ankit Maheshwari

Essential Concepts
• Pudendal nerve blocks were previously used for pain relief in the perineal area 

for the parturient during labor but have since fallen out of favor due to adverse 
complications such as fetal acidosis.

• Goals for bedside use of ultrasound for pudendal nerve block are accurate iden-
tification of the pudendal nerve at Alcock canal prior to nerve termination.

• A combination of local anesthetic and steroid use, decided by the practitioner, 
will quickly provide pain relief with minimal effect on the sacral plexus with the 
use of ultrasound.

• The mechanism of action includes blockade of nociceptive fibers innervating the 
perineal area via the three endings of the pudendal nerve, which include the anal 
and rectal, perineal, and clitoral or penile nerves.

1  Overview

The pudendal nerve, a nerve arising from the sacral plexus, has been previously 
studied as a potential target for treatment of intractable pain in the perineal and geni-
tal area. Given its distribution, it is a desired target for perioperative pain control in 
patients undergoing colorectal, perineal, and urological procedures. In addition, it is 
used in the diagnosis of pain syndromes such as pudendal nerve entrapment [1, 2]. 
It is frequently the target of chronic pain syndromes involving the superficial genital 
and perineal regions. As recently as 2013, advancements in ultrasound technology 
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have made this an accessible option in bedside scenarios for the treatment of peri-
neal and superficial genital perioperative pain, as well as chronic and intractable 
pain syndromes.

2  Indications and Contraindications

Pudendal nerve blocks (PNB) can be utilized for diagnosis and treatment of puden-
dal nerve entrapment syndrome with unilateral or bilateral nociceptive pain, as well 
as providing perioperative pain relief for various surgeries. It can also be used in 
pregnant patients in the second stage of labor.

It is contraindicated in patients with infection at the planned injection site, severe 
systemic infection, allergy or intolerance to injectate or its components, and patient 
refusal.

Other concerns to generalized deep nerve blocks include low platelet counts, 
ongoing anticoagulation, incompatible body habitus, amongst others. However, 
anticoagulation, including iatrogenic and platelet dysfunction, is not an absolute 
contraindication. It requires shared decision making with the patient and other pro-
viders (Table 1).

3  Clinical Anatomy

The pudendal nerve, a paired nerve, arises from the ventral rami of the S2-4 spinal 
nerves. Both left and right nerves form from three roots that, soon after exiting the 
sacral plexus, become cords that further merge into the pudendal nerve on the infe-
rior border of the piriformis and superior portion of the coccygeus muscle and 
sacrospinous ligament. Following its formation and initial descent it leaves the pel-
vis briefly via the greater sciatic foramen, accompanied by the internal pudendal 
artery and vein. It then crosses posteriorly to the sacrospinous ligament, close to its 
insertion point, and reenters the pelvis through the lesser sciatic foramen. Here it 
changes course to an anterosuperior route through Alcock’s canal (also known as 
the pudendal canal, formed from the fascia of the obturator internus muscle) where 

Table 1 Indications and contraindications for pudendal nerve

Indications Contraindications or concerns
Pain in distribution of pudendal nerve 
(pudendal nerve entrapment)

Patient refusal

Urological procedure involving external 
genitalia, including lower vagina

Systemic or local infection

Colorectal procedures involving anus Platelet counts less than 50,000 required shared 
decision making

Gynecological procedures involving lower 
1/5 of vagina

INR > 1.5 or currently on anticoagulation, 
required shared decision making

Chronic pain syndromes in distribution of 
pudendal nerve
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Fig. 1 Pudendal nerve anatomy, as labeled

it continues forward through the floor of the pelvic musculature. Branches in this 
portion include the inferior rectal nerve, the perineal nerve, and the continuation as 
the dorsal nerve of the penis or clitoris. It carries sensation from the external geni-
talia, including the lower 1/5 of the vagina, the perineal area, and the skin around 
anus. Of note, the pudendal nerve does not supply the anterior portion of the peri-
neal area or the upper vagina and cervix. Motor supply granted by this nerve includes 
portions of the pelvic musculature, the male and female external urethral sphincter, 
and the external anal sphincter [3] (Fig. 1).

4  Equipment and Supplies

Pudendal nerve blocks can be performed at the bedside with the use a of a 10 mL 
syringe and 2 in 22 gauge needle if using the anterior approach, and a short bevel 
4 in needle if using the posterior technique. Injectable solutions consist of local 
anesthetic (lidocaine, bupivacaine, ropivacaine) with the option of adding a 
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Table 2 Equipment and supplies

Syringe 5–10 mL
Needle 2 in 22 gauge (anterior technique)

5 in 22 gauge short bevel (posterior technique)
Anesthetic Combination of local anesthetic and/or steroid chosen by the practitioner

corticosteroid and epinephrine. Sterile gloves should be used, as well as sterile 
draping. An ultrasound with a curvilinear probe is recommended, given its deep 
field of imaging. (Table  2). Radiofrequency (RF) generators and needles are 
needed if RF ablation is desired. However, RF equipment may be challenging to 
obtain at the bedside [4].

5  Pudendal Nerve Block, Landmark-Based Technique

Some practitioners use landmark-based technique. We recommend using imaging- 
guided technique. The ultrasound-guided procedure provides real-time procedure 
visualization, and can be effectively used at the bedside.

6  Pudendal Nerve Block, Ultrasound-Guided Technique

Two ultrasound-guided techniques are available for pudendal nerve block: the ante-
rior perineal approach and the posterior transgluteal approach. Anterior perineal 
blocks are performed with the patient in lithotomy position with appropriate moni-
toring and sterile field protocol. Given the superficial depth of the pudendal nerve at 
this region, transducers with high or intermediate frequency transducers should be 
used. The junction of the genitals and rectum should be targeted with the transducer 
at an angle of 45 degrees, and the anatomy of the pudendal neurovascular bundle 
identified along the medial side of the ischial tuberosity. Doppler imaging should be 
used to identify the pudendal artery and the hyperechoic three-millimeter nerve sur-
rounding it, corresponding to the branching of the pudendal nerve [2]. After proper 
local anesthesia, a 2-in. 22 gauge needle, with a provider chosen combination of 
local anesthetic and/or steroid, is used to inject between a 3 and 5 mL volume.

The posterior approach is performed in the prone or lateral decubitus position 
with the affected side facing upwards (Fig. 2).

Following proper patient positioning, sedation, and aseptic technique, a curvilin-
ear transducer is introduced to the skin and pudendal nerve structures identified 
between 5 to 6 cm beneath the skin. An oblique angle at the junction of the sacrum 
and ileum along the proximal gluteal surface, following the curved track of the 
nerve, should be employed. Identify the posterosuperior iliac spine, the greater sci-
atic foramen, the iliac spine, the sacral plexus, the piriformis muscle, and the supe-
rior gluteal artery. The sacrospinous ligament, the sacrotuberous ligament, and 
laterally the sciatic nerve and inferior gluteal artery can be finally visualized (Fig. 3).
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Fig. 2 Pudendal nerve 
block, posterior approach. 
Ultrasonographic probe 
and needle/syringe 
positioning

Fig. 3 Ultrasonogram of the pudendal nerve block, as labeled. Ultrasound showies the sacrotuber-
ous and sacrospinous ligaments in relation to the ischial spine. Needle is advanced until it pene-
trates the sacrotuberous ligament and the injection performed with local anesthetic spread between 
the two ligaments. The needle trajectory marked with dhsed line

In this position, at the medial half of the image, the internal pudendal artery and 
pudendal nerve can be identified. Given its small size (averaging 3.5  mm), the 
pudendal nerve is challenging to identify consistently, most often being found 
medial to the pudendal vessels. Once identified, a 5in 22 gauge needle is advanced 
in-plane or out-of-plane. After insertion and positioning, neurostimulation can be 
used to confirm positioning [2].
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7  Potential Complications and Adverse Effects

The PNB was previously commonly employed for the parturient but has since faded 
out of favor for this indication given its propensity to induce fetal acidosis. Through its 
initial popularity, various complications were noted from use of incorrect technique 
and aberrant patient anatomy. Included are hematoma, which most likely occurs due to 
puncture of the internal pudendal artery as it passes through Alcock’s canal with the 
nerve when performing the block from the posterior position. Infection could be a re 
complication if the overlying area or equipment is not properly sterilized. Infections 
that occur can infrequently pass to the retro psoas space, forming an abscess. The inci-
dence of direct nerve trauma can be minimized with the use of ultrasound and nerve 
stimulator. Systemic toxicity, by way of injection into arterial vessels, can identified by 
perioral numbness, tinnitus, metallic taste, and rarely seizures. These are prevented by 
aspiration and or color doppler visualization prior to injection of local anesthetic.
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Clinical and Technical Pearls
• Pudendal nerve blocks have a wide utility in gynecological, urological, and 

colorectal surgeries, along with chronic pain syndromes involving 
the nerve.

• Proper positioning of patient and transducer is key to successful identifica-
tion of the pudendal nerve in the posterior block.

• Utilize standard of care for regional blocks, including aseptic technique, 
appropriate sedation, and employ caution with patients on anticoagulants.

• Use of nerve stimulator to confirm positioning of needle is advised.
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Shoulder Joint Injections

Sahna Reddy, Alexander Hynes, and Maxim Eckmann

Essential Concepts The anatomy of the shoulder joint involves 3 main articula-
tions and 2 gliding planes.
• Osteoarthritis and impingement syndrome are the most common indications for 

shoulder injections.
• Injections for the shoulder can result in pain relief for months at a time and can 

delay or serve as a bridge to surgery in some patients.
• The most employed method is glenohumeral intraarticular corticosteroid injec-

tion, however, multiple injectates are available and actively used.
• Ultrasound has been shown to have superior results for most of the injection 

approaches to the joints and bursae.
• Ultrasound techniques are simple and easily performed at the bedside.

1  Overview

Shoulder pain is the third most common musculoskeletal complaint with a lifetime 
prevalence as high as 66.7% and a peak incidence from 45 to 64 years of age [1–3]. 
Pain involving the shoulder, especially if chronic, can lead to significant morbidity 
and interruption in work and activities of daily living.

The shoulder is one of the most intricate and complex joints in the human body. 
It is composed of three articulations (the glenohumeral joint (GHJ), acromiocla-
vicular joint (ACJ), and sternoclavicular joint (SCJ)) and two gliding planes (sub-
acromial/subdeltoid and scapulothoracic). These articulations along with the many 
muscles, tendons and ligaments that cross or span the shoulder allow for the greatest 
mobility of any joint in the human body [4]. This also allows for many pathological 
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processes to involve the shoulder. Since the GHJ (commonly referred to as the 
shoulder joint), ACJ, and subacromial/subdeltoid bursa (SASDB) are the most com-
mon areas of pathology and generators of pain in the shoulder, they will be the focus 
of this chapter. Common indications (Table 1) for injections in the shoulder joint, 
absolute and relative contraindications (Table 2, 3), and the major bedside tech-
niques of injection and the injectates used will also be discussed.

2  Indications and Contraindications (Tables 1, 2 and 3)

Table 1 Indications for injections around the shoulder for various pathologies

Indications
    Glenohumeral Joint
      Primary osteoarthritis
      Rheumatoid/inflammatory arthritis
      Post-traumatic arthritis
      Adhesive capsulitis (“frozen shoulder”)
    Acromioclavicular Joint
      Primary osteoarthritis
      Post-traumatic arthritis
      Osteolysis
    Subacromial/Subdeltoid Bursa
      Shoulder impingement syndrome
      Subacromial bursitis
      Rotator cuff tear
      Rotator cuff tendinopathy

Table 2 Absolute contraindications for performing interventional procedures around the shoul-
der joint

Absolute Contraindications
Malignancy
Infection or breakdown of skin at the site of injection
Infection or destruction of the joint
Joint fracture
Bleeding diathesis
Known history of contraindication to individual injectates (adverse reaction to local anesthetic,
    severely compromised immune status, etc.)

Table 3 Relative contraindications for performing interventional procedures around the shoul-
der joint

Relative Contraindications
Anticoagulation therapy dependent
Joint instability
Infection near site of injection
Prosthetic joint
Recent corticosteroid injection (within the past 3 months)
Known history of relative contraindication to individual injectates (poorly controlled diabetes, poorly
    controlled hypertension, hypersensitivity to avian products such as proteins, feather, and
    egg products that can sometimes be found in viscosupplementation products, etc.)
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3  Clinical Anatomy

Relevant clinical anatomy will be discussed in each subsection.

4  Equipment and Supplies

All procedures discussed below can be performed at the patients beside in the 
office or hospital room setting. They should be carried out under strict sterile 
technique in accordance with practice guidelines. Sedation is not commonly uti-
lized for these procedures. However, if used, standard ASA monitors should be 
applied. Equipment needed to complete these procedures include a stand with a 
sterile drape, sterile gloves, sterile ultrasound cover, sterile syringe (size depends 
on injectate used and overall volume), a 1.5-inch 25–27-gauge needle, and an 
ultrasonography machine with linear probe. Additional equipment that can be 
helpful in some instances include 2–4-inch connector tubing (used between nee-
dle and syringe) and potentially a 3.5-inch 25–27-gauge Quincke needle to 
account for body habitus as needed.

5  Injectates

 Corticosteroids

The most common injectate used in shoulder injections are corticosteroids. According 
to a Cochrane review on corticosteroids in 2003, intra-articular corticosteroids may 
be beneficial in the short-term for adhesive capsulitis or rotator-cuff disease [5]. The 
theoretical mechanism involves inflammatory marker modulation with reduced 
blood flow to the synovium. Corticosteroids have also been shown to alter local col-
lagen fiber synthesis possibly decreasing the formation of scar tissue. There is lim-
ited evidence to support the selection of one corticosteroid over another and selection 
is generally based on the duration of action. It has been shown that branched esters 
of corticosteroids were superior to non-ester derivatives due to a longer duration at 
the site of injection [6]. The most common corticosteroids utilized include: Depo-
Medrol (Methylprednisolone acetate) 40–80 mg, Kenalog (Triamcinolone aceton-
ide) 10-40 mg and Decadron (Dexamethasone acetate) 4–8 mg. Generally, 5 mL of 
total injection volume, including diluents, is utilized. Systematic evidence is lacking 
when it comes to selecting which corticosteroid is ideal for shoulder injections.

 Local Anesthetics

Local anesthetics of the amide class are commonly combined with corticosteroids 
to facilitate needle placement and provide immediate relief that corticosteroids do 
not offer. Lidocaine, bupivacaine, and ropivacaine are common local anesthetics 
used in clinical practice.
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 Viscosupplementation (Hyaluronic Acid derivatives)

The injection of viscosupplementation is a relatively new treatment for intra- 
articular injections of the shoulder [7]. Although hyaluronic acid is only approved 
for knee injections by the FDA, initial clinical trials showed potential efficacy for its 
use in the shoulder joint [8]. Hyaluronic acid is a physiologic component of native 
synovial fluid with viscoelastic properties that protect and promote joint mobility 
and anti-inflammatory properties that aid in decreasing pain [7]. Formulations can 
be categorized as cross-linked versus non-cross-linked and low-molecular weight 
versus high-molecular weight. Although there is a theoretical benefit of low molec-
ular weight preparations in their ability to interact with synoviocytes in the joint 
space, they are less viscous in comparison to high molecular weight preparations [9, 
10]. Despite these differences, none of the preparations have been shown to make a 
clinically significant difference in a small number of studies [10, 11]. Below is a list 
of common viscosupplementation preparations available [11] (Table 4):

 Platelet-Rich Plasma

Many studies have been performed recently on the use of platelet-rich plasma (PRP) 
but have demonstrated an equivocal to minor benefit for shoulder pain, function and 
healing [12]. There is a small amount of evidence that supports the use of PRP in the 
non-operative management of rotator cuff tears, particularly in patients that have 
contraindication to receiving corticosteroids [13–15]. More studies are required to 
evaluate the potential clinical benefits of PRP in shoulder pathology.

Table 4 Common viscosupplementation preparations

Product 
structure

Product 
name Origin

Molecular 
weight 
(kDa)

Injection 
interval

Dosing 
volume

Recommended 
dosing regimen

Cross- 
linked

Synvisc Sodium 
hyaluronate

6000 1 week 2 mL (16 mg 
hylan 
polymers A & 
B)

3

Synvisc- 
One

Sodium 
hyaluronate

6000 N/A 6 mL (48 mg 
hylan 
polymers A & 
B)

Once

Non- cross- 
linked

Supartz Sodium 
hyaluronate

620–1170 1 week 2.5 mL
(25 mg)

3 or 5 depending 
on indication

Hyalgan Sodium 
hyaluronate

500–730 1 week 2 mL
(20 mg)

3 or 5 depending 
on indication

Orthovisc Bacterial 
fermentation 
(nonavian)

1000–2900 1 week 2 mL
(30 mg)

3 or 4 depending 
on indication

Euflexxa Bacterial 
fermentation 
(nonavian)

2400–3600 1 week 2 mL
(20 mg)

3
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 Less Common Agents

 Botox
Botulinum Toxin A has recently been used for intra-articular injections into the 
glenohumeral joint. Intra-articular Botulinum toxin was shown to have reduced pain 
severity and increased range of motion when compared to placebo and triamcino-
lone [16, 17]. A retrospective cohort study on the use of Botulinum Toxin A into the 
SASD suggested that it was equally effective to steroid injection and could be con-
sidered in cases where steroids are not tolerated by the patient [18]. More studies on 
the utilization of Botulinum toxin for the treatment of shoulder pain are required 
before common use in bedside or office procedures.

 Morphine
Supplementing local anesthetic solutions with morphine in intra-articular injection 
techniques has been shown to be efficacious [19–21]. Patients showed improved 
visual analog pain scores following intra-articular injections with the addition of 
5 mg of morphine to bupivacaine than those patients who received bupivacaine alone 
[20]. Based on these studies, morphine can be considered as an adjunct to intra-
articular formulations used in shoulder injections for postoperative pain control.

 Hydrodistention
Although not an injectate, hydrodistention of the glenohumeral joint capsule has been 
described as an effective technique used to treat frozen shoulder since the 1960s. 
However, it’s use in practice is limited secondary to extreme pain for the patient with 
the procedure. In one particular study, comparing the efficacy of intra- articular cortico-
steroid injection versus hydrodistention done under interscalene nerve block, hydrodis-
tention done with 40 mg of triamcinolone, 10 cm3 of 1% lidocaine, and 30 cm3 of saline 
solution, patients had improved range of motion and pain relief at 3 months following 
the procedure with similar results at 1 year follow up. Hydrodistention may be a useful 
technique to consider for patients with frozen shoulder [22].

6  The Glenohumeral Joint

 Anatomy

The glenohumeral joint, the articulation of the humeral head in the glenoid cavity of 
the scapula, is commonly referred to as the shoulder joint (Fig. 1). It is a ball-and-
socket type of synovial joint and is widened by the glenoid labrum [4]. The joint is 
stabilized internally by the tendons of the four rotator cuff muscles (supraspinatus, 
infraspinatus, teres minor, and subscapularis), anteriorly by the glenohumeral liga-
ments, and superiorly by the coracohumeral ligament. It is further stabilized by the 
transverse humeral ligament, the coraco-acromial arch, and a fibrous capsule [23]. 
The lateral pectoral nerve, axillary nerve, suprascapular nerve, and nerve to sub-
scapularis innervate the glenohumeral joint [23–25].
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Fig. 1 Articular skeletal anatomy involved in and surrounding the glenohumeral joint. (Image 
from Moore, Keith L, Dalley, Arthur and Agur, Anne. Clinically Oriented Anatomy, seventh Edition. 
Lippincott Williams & Wilkins, 01/21/2013. Used with permission from Wolvers Kluwer)

 Technique & Approach

Injections into and surrounding the glenohumeral joint are commonly employed as 
part of the non-operative management of shoulder pain. It previously was common 
to perform these injections in a blind manner using direct palpation and anatomic 
landmarks. However, there is potentially a high incidence of extra-articular injec-
tions. The research on blind needle placement is controversial with accuracy of 
needle placement between 30 and 85% [26–28]. In a systematic review of ultra-
sound guidance compared to blind injection, ultrasound demonstrated a signifi-
cantly greater clinical improvement and greater accuracy [29, 30]. Additionally, 
fluoroscopy can be employed to verify proper needle placement. Ultrasound is 
more cost-effective and accessible in comparison to fluoroscopy, and has been 
increasingly used as it allows for radiation-free, real-time imaging of needle place-
ment. Many studies have demonstrated greater success of ultrasound guidance 
compared with fluoroscopy on the first attempt [31]. Ultrasound can also be less 
time consuming [31].

 Ultrasound-Guidance

In general regarding any approach, a high-frequency linear probe is used for most 
patients, however, a convex low-frequency probe can assist with imaging in the 
obese populations to assess the deeper structures.

Although the anterior approach to the glenohumeral joint is less commonly used, 
it can be the preferred approach when patients have damage to the posterior joint. 
Anterior placement theoretically puts therapeutic medication in close proximity to 
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any painful structures such as the biceps or subscapularis muscles, but care should 
be taken to avoid damage to their tendinous portions. Approach via the anterior 
shoulder is facilitated with the patient in the seated position and the arm in external 
rotation at the shoulder and supination. The probe is placed transversely over the 
anterior joint line inferior to the acromion. The coracoid process (medially) and the 
head of the humerus on the (laterally) are identified within one image. The needle is 
passed in-plane, lateral-to-medial, over the humeral head and toward the space bor-
dered by the subscapularis tendon (superior), the head of the humerus (lateral) and 
the coracoid process (medial) (Fig. 2).

The posterior approach is more commonly utilized due to many advantages: less 
extravasation, lack of important articular structures, and fewer stabilizing structures 
[4, 32, 33]. The patient can be positioned in either lateral decubitus or seated posi-
tions with easy access to the back. The shoulder is adducted across the anterior body 
to help facilitate opening of the posterior joint. The ultrasound probe is placed trans-
versely at the lateral edge of the spine of scapula. Identification of the humeral head, 
posterior glenoid, and posterior labrum will help identify the needle path. The nee-
dle is inserted in-plane, lateral-to-medial and traverses the deltoid and infraspinatus. 
The end point is a hypoechoic triangular-like space medial to the humeral head and 
lateral to the labrum (Fig. 3).

a b

Fig. 2 (a) Anterior approach demonstrating osseous and muscular structures appreciated in the 
ultrasound image on the approach to the glenohumeral joint. (b) Standalone ultrasound image of 
the anterior approach of the glenohumeral joint

a b

Fig. 3 (a) Osseous and muscular structures appreciated in the ultrasound image in the posterior 
approach to the glenohumeral joint. (b) Standalone ultrasound image of the posterior approach to 
the glenohumeral joint
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7  The Acromioclavicular Joint

 Anatomy

The acromioclavicular joint is comprised of the lateral articulation of the clavicle, 
the medial articulation of the acromion, and a central disc. It is a plane type synovial 
joint that is stabilized horizontally by the acromioclavicular and coraco-acromial 
ligaments and vertically by the conoid and trapezoid ligaments, which are known 
together as the coracoclavicular ligaments [34]. The innervation of the joint is com-
prised of the lateral pectoral nerve, axillary nerve, suprascapular nerve, and the 
cutaneous lateral supraclavicular nerve [23] (Fig. 4).

 Technique & Approach

Similar to glenohumeral joint injections, several studies have shown that the blind 
technique for AC joint injection is inferior to image-guided techniques [35–39]. 
One mechanism that has been suggested for the difference in palpation versus 
image-guided techniques is the relatively small space of the joint and the variation 
of the anatomy amongst individuals. On average the rates of inaccuracy for success-
ful blind intra-articular ACJ was between 40 and 70% in comparison with a near 
100% success rate for both fluoroscopy and ultrasound guided techniques in the 
studies mentioned above. Additionally, ultrasound has several advantages to 
fluoroscopy- guided injection in that it offers continuous real-time needle guidance 

Acromioclavicular (AC) joint
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Coracoclavicular ligament

Trapezoid
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Interclavicular
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(anterior sternoclavicular ligament)

1st rib

Clavicle Coracoid
process

Coraco-acromial
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sternoclavicular joint
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Fig. 4 Anatomy of articulation of the pectoral girdle and upper extremity. Note the acromiocla-
vicular joint and ligaments involved in the stability of the AC joint. (Image from Moore, Keith L, 
Dalley, Arthur and Agur, Anne. Clinically Oriented Anatomy, seventh Edition. Lippincott Williams 
& Wilkins, 01/21/2013. Used with permission from Wolvers Kluwer)
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a b

Fig. 5 (a) Osseous structures appreciated in the ultrasound image in the approach to the AC joint. 
(b) Standalone ultrasound image of AC joint

and is more practical, cost-effective, and safe for patients in terms of radiation expo-
sure [38].

Intra-articular ACJ injection can be performed via an anterior or lateral approach. 
Due to the superficial nature of the joint, the anterior approach is preferred over the 
lateral technique. Yet, in many of the image-guided technique studies, a lateral 
approach was used due to ease in either placing an ultrasound probe or assessing 
appropriate needle trajectory under fluoroscopy.

The patient can be either supine or upright with the arm in a neutral anatomical posi-
tion in order to provide the largest access to the AC joint. A high frequency ultrasound 
probe is placed in a transverse fashion along the coronal plane with the acromion 
placed laterally and the clavicle found medially. A small 22G–25G needle is advanced 
from a superior and anterior approach in an inferior fashion at about 30 degrees until 
the tip of the needle is visualized between the acromion and clavicle, with care to not 
infiltrate the underlying subacromial space. Although both out-of- plane and in-plane 
techniques have been used, the out-of plane technique offers the advantage of approach-
ing the relatively small and superficial joint more easily [11, 40] (Fig. 5).

The needle tip, if placed appropriately, can be confirmed in the AC joint by rotat-
ing the ultrasound probe 90 degrees into an in-plane view. In this image, the needle 
trajectory into the joint can be visualized to confirm appropriate injectate distribu-
tion [41].

8  The Subacromial/Subdeltoid Bursa

 Anatomy

The SASDB, the largest bursa in the body, is a potential synovial space that separates 
the deltoid muscle, acromion, and coracoacromial ligament from the supraspinatus 
tendon. It extends anteriorly covering the bicipital groove, laterally toward the greater 
tuberosity, and medially to the coracoid process [11]. The bursa serves to reduce fric-
tion and wear on the supraspinatus tendon from the humeral head and the acromion 
during shoulder movement [42]. In a healthy patient, the SASDB is about 1 mm thick 
and can only be visualized with ultrasound by the hyperechoic peribursal fat lining 
between the deltoid muscle and supraspinatus tendon [42, 43] (Fig. 6).
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Fig. 6 Coronal section of 
the shoulder. Note the 
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bursa superior to the 
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from Moore, Keith L, 
Dalley, Arthur and Agur, 
Anne. Clinically Oriented 
Anatomy, seventh Edition. 
Lippincott Williams & 
Wilkins, 01/21/2013. Used 
with permission from 
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 Technique & Approach

In contrast to GHJ and ACJ injections, the superiority of ultrasound over landmark 
techniques for SASDB injection in terms of accuracy and efficacy to the patient, is 
debatable [30]. A Cochrane Review done in 2012 regarding the efficacy of image 
guided versus landmark techniques found that patients experienced no difference in 
functional or pain scores between both techniques [44]. In contrast, a more recent 
systematic review and meta-analysis in 2015 reported that patients do have improved 
pain and functional scores with ultrasound-guided techniques in comparison to 
landmark techniques [45]. However, when short and long-term outcomes were com-
pared, a 2018 study discovered that although patients may have short-term improve-
ment in scores with ultrasound, there was no difference in long-term outcomes [46]. 
Regardless of the patient-relevant efficacy of SASDB injections, in certain cases, 
such as difficulty with palpation or abnormal anatomy, ultrasound-guided tech-
niques should be considered over landmark techniques [47]. Both landmark and 
ultrasound-guided techniques will be described here. The use of one over the other 
should be guided by provider comfort and preference, patient anatomy, history of a 
previously failed injection, and specific area of pathology within the bursa.

 Blind Techniques

Anterior, lateral, and posterior approaches are used in landmark techniques for 
SASDB injections. For bursitis, the anterior and lateral approaches have some 
evidence for improved accuracy compared to the posterior approach, with the 
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posterior approach being particularly inaccurate among women [48]. In the treat-
ment of impingement syndrome, all three approaches had similar efficacy 
[49–51].

In the landmark-based anterior approach, the patient’s arm is held in 0 degrees 
abduction and 20 degrees external rotation. The inferior and anterior edge of the 
acromion should be palpated with the needle entry point being 1 cm inferior to the 
clavicle. The needle should be advanced in a posterior, cephalad, and slightly lateral 
direction until a drop in pressure is felt during needle insertion.

The landmark-based lateral approach is best done with the patient seated and the 
arm distracted by gravity. After palpation of the mid to lateral aspect of the acro-
mion, the needle is inserted slightly inferior to this point and advanced slightly 
cephalad until a drop in pressure is felt.

Lastly, the landmark-based posterior approach to SASDB injection is performed 
with the patient seated and the arm distracted by gravity. The needle should be 
inserted 1 cm inferior and medial to the palpable posterolateral corner of the acro-
mion. The trajectory of needle insertion should be in an anterior, cephalad, and 
slightly lateral direction until a drop in pressure is felt, indicating insertion into 
the SASDB.

It should be noted that in the posterior approach, the distance that the needle must 
traverse to access the SASDB is significantly greater than the anterior or lateral 
approach, an average of 5.2 cm versus 2.9 cm respectively [52]. As such, it is recom-
mended to use a needle that is at least 6  cm in length when using the posterior 
approach.

 Ultrasound Techniques

The SASDB is most commonly performed via lateral or anterior approaches [53]. 
Using ultrasound guidance, no single approach has been shown to have improved 
accuracy [43].

Irrespective of the approach, the patient is placed in a modified Crass position 
with the ipsilateral arm extended posteriorly and the palmar surface of the hand on 
the superior aspect of the iliac wing or buttock [42, 43]. The patient can be in either 
a lateral decubitus or seated position.

The most common approach under ultrasound guidance is the lateral approach. 
The ultrasound probe is placed along the long axis of the supraspinatus tendon in 
the anatomic coronal plane at the proximal end of the humerus. The needle is 
then advanced in-plane inferior to superior with a cephalad tilt to the bursa found 
between the deltoid and the supraspinatus muscles [4, 42] (Fig. 7).

In the less commonly used anterior approach, the ultrasound probe is placed in a 
transverse or axial plane across the short axis of the supraspinatus tendon. The nee-
dle is then inserted in the lateral to medial direction into the bursa.
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a b

Fig. 7 (a) Osseous and muscular structures appreciated in the ultrasound image in the lateral 
approach to the subacromial/subdeltoid bursa. Note the Bursa is appreciated between the deltoid 
and supraspinatus muscle. (b) Standalone ultrasound image of the lateral approach to the subacro-
mial/subdeltoid bursa

9 Potential Complications and Adverse Effects

Complications include risk of infection, hemarthrosis, and damage to tends, intraar-
ticular structures, and nerves.

10  Conclusion

Bedside shoulder joint injections are useful, cost-effective, and safe treatment modali-
ties in the diagnosis and management of shoulder pain. The increasing accessibility to 
ultrasound warrants practitioners to be skilled at understanding the various approaches 
and techniques to shoulder joint injections. Blind and fluoroscopically guided tech-
niques continue to be relevant in trained hands. The vast majority of providers rely on 
the general use of corticosteroids for their injections, however PRP and viscosupple-
mentation are contemporary options. Continued research is still necessary in order to 
elucidate best practices in preferred injectate, technique, and patient selection.

Clinical Pearls
• The complexity of the shoulder joint allows for various injections that can 

be employed depending on the underlying pathology.
• All joints can be accessed with ultrasound guidance which can provide 

superior results in most cases.
• The posterior approach to the glenohumeral joint is the safest and most 

utilized.
• The most common injectate used is corticosteroids, however, platelet rich 

plasma is becoming more commonly used.
• Absolute contraindications to access of the glenohumeral joint include 

malignancy, bleeding diathesis, fracture, and allergy to the injectate.
• Risk factors include infection, hemarthrosis, damage to tendons, intraar-

ticular structures and nerves.
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Periarticular Shoulder Injections

Nirmal G. Aras, Michelle Puszynski, Oscar Coppes, 
and Dalia H. Elmofty

1  Periarticular Shoulder Pain

 Overview

Periarticular shoulder pain can result from subacromial bursitis, biceps tendonitis, and 
rotator cuff tendinopathies (supraspinatus, infraspinatus, and subscapularis). 
Subacromial impingement syndrome (SIS) is a common pathology of shoulder pain 

Essential Concepts
• Subacromial bursa injections offer pain relief and increased functional 

capacity for shoulder discomfort.
• Biceps tendinitis commonly occurs in conjunction with other rotator cuff 

pathologies; biceps tendon sheath injections can relieve pain and improve 
functionality associated with biceps tendinitis.

• Rotator cuff tendon injections can provide significant pain relief for vari-
ous acute and chronic tendinopathies; targets include the supraspinatus, 
infraspinatus, and subscapularis tendons.

• Acute tendinopathies can be treated with corticosteroid injections.
• Steroids should be avoided in chronic tendinopathies as they can damage 

the tenocyte.
• Chronic tendinopathies can be treated with platelet-rich plasma (PRP) and 

glucose prolotherapy.
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in which the tendinous portion of the rotator cuff becomes entrapped between the 
coracoacromial ligament, antero-inferior portion of the acromion, and the humeral 
head [1]. SIS commonly occurs in patients with a history of repetitive use of the shoul-
der involving overhead movements. It clinically presents as pain during elevation of 
the arm or while lying on the affected side. This pathology can result in debilitating 
pain and functional loss of movement in the shoulder joint. Common etiologies of SIS 
include intrinsic (tendinous) factors such as overuse of the shoulder and degenerative 
tendon disease as well as extrinsic (extra-tendinous) factors such as acromioclavicular 
joint degeneration and thickening of the coracoacromial ligament [2].

Inflammation associated with rotator cuff tendinosis or partial tears can be 
treated with injections at the rotator cuff insertion sites. These are different from 
subacromial injections, which are inserted in the subacromial bursa (SAB). 
Inflammation associated with rotator cuff pathology is treated by relieving the sub-
acromial bursitis or by diffusion of the corticosteroid through the undersurface of 
the bursa and onto the underlying rotator cuff tendons.

The two proximal tendons of the biceps brachii muscle can cause pain within the 
shoulder joint. The long head of the biceps tendon tends to be the common source. 
Although biceps tendinitis can present as an isolated condition, in up to 90% of 
cases it occurs in combination with other shoulder issues such as rotator cuff tears 
[3]. Biceps tendinitis commonly presents in patients who perform repetitive over-
head activities or activities that involve heavy lifting or pulling movements. 
Presenting symptoms include pain (e.g., a deep, throbbing ache in the anterior 
shoulder), weakness, and a sense of instability within the shoulder joint.

The various injections in rotator cuff tendons are best classified by chronicity and 
choice of injectate. Corticosteroid injections have been the mainstay injection ther-
apy for a variety of rotator cuff tendinopathies. A meta-analysis of subacromial 
corticosteroid injections found no significant reduction in pain for rotator cuff ten-
dinosis compared with placebo at 3 months. However, these injections showed a 
statistically significant reduction in pain compared to placebo at 4 and 8 weeks [4].

Chronic tendinopathy (degenerative rotator cuff pathologies) can be treated with 
injections at the tendon sheath. Corticosteroids should be avoided as they can be 
damaging to tenocytes. Alternatives such as platelet-rich plasma (PRP) and glucose 
prolotherapy have been shown to be beneficial in treating chronic partial thickness 
tears and degenerative rotator cuff tendinopathy. PRP is a whole blood byproduct 
with large concentrations of platelets that endure degranulation, triggering various 
growth factors with restorative properties, including platelet derived growth factor 
(PDGF), transforming growth factor B collagen, and vascular endothelial growth 
factor (VEGF). PRP injections in patients with symptomatic partial rotator cuff 
tears have demonstrated significant decreases in pain scores at 3  months with 
improved range of motion [5]. In a comparison study of patients with subacromial 
impingement syndrome (who had not responded to conservative therapy for 
>3 months) those receiving PRP or steroid (40 mg methylprednisolone) injections 
had significantly better pain scores following steroid injection versus PRP at 
6  weeks and 6  months. Both groups had comparable improvements in range of 
motion of their shoulder joints [2]. PRP increases the physiological healing process 
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by stimulating a proliferation of various cell types, such as local stem cells and 
tenocytes; the latter can aid in the repair of tendons [2].

Glucose prolotherapy consists of injecting a 10% glucose solution into the ten-
don sheath. The injection leads to lysis of cells which leads to an increase in local 
growth factors and inflammatory cells. This in turn triggers a cascade of additional 
wound-healing factors that ultimately yields the deposition of collagen and tendon 
growth [6]. In a randomized, double-blinded clinical trial conducted on 36 patients 
with supraspinatus tendinopathy, patients were treated with either glucose prolo-
therapy injections in the supraspinatus tendon sheath or with corticosteroid injec-
tions in the subacromial bursa. Glucose prolotherapy was shown to be statistically 
equivalent to corticosteroid injections when evaluated for the level of pain during 
overhead activities at 3- and 6-month follow-ups [6].

 Indications and Contraindications of Periarticular 
Shoulder Injections

Subacromial impingement syndrome is characterized by compression of the rotator 
cuff against the lateral acromion leading to bursitis and cuff inflammation. This clini-
cally manifests as a significant decrease in horizontal abduction and, if left untreated, 
can result in frozen shoulder. If the clinical symptoms of subacromial impingement 
syndrome are present without an underlying acute tendon injury, patients may benefit 
from subacromial bursa corticosteroid injections. In cases of acute tendon injury, 
including partial thickness tears of the rotator cuff tendons (supraspinatus, infraspi-
natus, and subscapularis), injections in the rotator cuff tendon sheath can help relieve 
pain and inflammation. Calcific tendinopathy, a chronic calcium deposition in the 
tendon, has historically been treated with corticosteroid injections. However, recent 
studies demonstrate the benefits of ultrasound guided percutaneous irrigation [7]. 
Table 1 describes the indications and techniques used for commonly performed peri-
articular shoulder injections. Landmark and ultrasound -guided techniques have been 
described [8]. Absolute contraindications to these interventions include bacteremia, 
cellulitis overlying the injection site, and osteomyelitis adjacent to the injection site. 
Relative contraindications include chronic infections, allergy to injectate, diabetes, 
and uncontrolled coagulopathies.

 Clinical Anatomy

The anatomy of the shoulder consists of the shoulder joint formed by the humerus 
as it attaches to the scapula as a ball-and-socket joint. Figure 1a, b demonstrates 
periarticular injection targets in the anterior and lateral aspect of the shoulder girdle. 
The rotator cuff is a collection of muscles and tendons that surround the shoulder, 
providing support and allowing a wide range of motion. The subscapularis muscle 
originates from the subscapular fossa of the scapula and inserts into the lesser tuber-
cle of the humerus; it is innervated by the upper and lower subscapular nerves from 
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Table 1 Periarticular shoulder injections for acute and chronic shoulder tendinopathies

Procedure Indication Techniques
Subacromial bursa 
injection

• Subacromial-subdeltoid bursitis
• Rotator cuff impingement
• Rotator cuff tendinosis
• Adhesive capsulitis

•  Landmark 
technique

• Ultrasound-guided 
technique

Biceps tendon 
injection

• Biceps tendinitis
•  Rotator cuff tendinosis with associated 

biceps tendinitis

•  Landmark 
technique

•  Ultrasound-guided 
technique

Supraspinatus tendon 
injection

•  Subacromial impingement syndrome with 
underlying supraspinatus tendinopathy

• Acute/chronic partial thickness tears
• Degenerative supraspinatus tendinopathy
• Calcific tendonitis

•  Landmark 
technique

•  Ultrasound-guided 
technique

Infraspinatus tendon 
injection

•  Subacromial impingement syndrome with 
underlying infraspinatus tendinopathy

• Acute/chronic partial thickness tears
• Degenerative infraspinatus tendinopathy
• Calcific tendonitis

•  Landmark 
technique

•  Ultrasound-guided 
technique

Subscapularis tendon 
injection

•  Subacromial impingement syndrome with 
underlying subscapularis tendinopathy

• Acute/chronic partial thickness tears
• Degenerative infraspinatus tendinopathy
• Calcific tendonitis

•  Landmark 
technique

•  Ultrasound-guided 
technique

C5, 6, and 7. It medially rotates the arm and stabilizes the shoulder joint. The supra-
spinatus muscle originates from the supraspinous fossa of the scapula and inserts 
onto the greater tubercle of the humerus on the anterior aspect. It is innervated by 
the suprascapular nerve. It initiates abduction of the shoulder and stabilizes the 
shoulder joint. The infraspinatus muscle originates from the infraspinous fossa of 
the scapula and inserts into the greater tubercle of the humerus on the posterior 
aspect. It is innervated by the suprascapular nerve and laterally rotates and adducts 
the arm at the shoulder joint.

The subacromial bursa (SAB) has three distinct portions: subacromial, subdel-
toid, and subcoracoid. Some texts refer to the bursa as the subacromial-subdeltoid 
(SA-SD) bursa. A limited number of studies have confirmed that the subacromial 
and subdeltoid bursa are two communicating yet distinct bursa [9, 10].

The SAB is circular-shaped and lies beneath several structures, including the 
acromion, coracoacromial ligament, deltoid muscle, and subdeltoid fascia (Fig. 1). 
The superficial roof layer of the bursa is adherent to the subdeltoid fascia and 
together they attach to the edge of the acromion. The bursal roof encircles the cora-
coacromial ligament. The bursa expands laterally and attaches to the greater tuber-
cle and medially expands into the supraspinous fossa [11]. The SAB floor is firmly 
adherent to the supraspinatus tendon. The bursa serves as a gliding mechanism 
between the rotator cuff and the coracoacromial arch. The innervation of the SAB 
arises from the brachial plexus and an extensive network of free nerve endings, 
including both myelinated and unmyelinated fibers. As the upper trunk of the bra-
chial plexus divides, the suprascapular nerve continues to split into various terminal 
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Glenohumeral
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Bicipital tendon

Subscapularis
tendon insertion

Subacromial bursa

Supraspinatus tendon insertion

Infraspinatus tendon insertion

Fig. 1 Periarticular targets 
for shoulder injections: (a) 
anterior targets include the 
biceps tendon and the 
subscapularis tendon, (b) 
lateral targets include the 
subacromial bursa, 
supraspinatus, and 
infraspinatus tendons

branches that supply the superior portion of SAB. In addition, branches of the lat-
eral pectoral nerve supply both the superior and anterior portions of the SAB. The 
lateral portion of the SAB is supplied by a small branch of the axillary nerve deriv-
ing from the posterior cord of the brachial plexus. It has been suggested that because 
the SAB has such an extensive sensory nerve supply, the bursa is involved in pro-
prioception, neuromuscular coordination, and nociception of the shoulder. Studies 
have identified mechanoreceptors within the SAB, including Ruffini endings, 
Pacinian, and Golgi-Mazzini corpuscles. Proprioception information from these 
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mechanoreceptors “feed into the reflex arc of the suprascapular and axillary nerves, 
thereby helping protect the shoulder joint from damage resulting from excess move-
ment, compression, or impingement” [11]. The blood supply for the SAB is derived 
from branches of the thoracoacromial and suprascapular arteries.

The biceps brachii muscle has two proximal tendons: long head and short head. 
The long-head biceps tendon originates at the supraglenoid tubercle of the scapula 
and travels through the intracapsular space. Borders of the intracapsular space are as 
follows: subscapularis tendon anteriorly, supraspinatus tendon posteriorly, cora-
coacromial ligament superiorly, and superior glenohumeral ligament inferiorly. The 
long-head tendon then courses along the humeral head into the bicipital groove 
where it is secured by the transverse humeral ligament and surrounded by the bicep 
tendon sheath. The short-head tendon of biceps brachii is attached to the coracoid 
process. The biceps brachii muscle is supplied by the musculocutaneous nerve 
(C5–6) and vascularly by a branch of the anterior circumflex humeral artery.

 Equipment and Supplies

Periarticular shoulder injections are easily performed at the bedside. A list of equip-
ment and supplies are listed in Table  2. Typically, a 5–10  mL syringe with a 
25-gauge, 1.5-in. needle is utilized to perform the injection. For corticosteroid 
injections, 5–7 mL of 1% lidocaine, 0.25–0.5% bupivacaine, or 0.2–0.5% ropiva-
caine, with the addition of 1–2 mL methylprednisolone (40 mg/mL), is injected at 
the rotator cuff tendon sheath. Although lidocaine and bupivacaine are commonly 
used, some studies have shown ropivacaine to be less chondrotoxic than bupiva-
caine [3, 12, 13]. In addition to classic injections with steroids and/or local anesthet-
ics, multiple regenerative injection therapies exist, including PRP, glucose 
prolotherapy, and stem cells [3]. Using the syringe and needle as described above, a 
PRP injection can be done at the same rotator cuff targets. PRP is a preparation of 
platelet concentrate, cryoprecipitate of fibrinogen, and thrombin that can be obtained 
from the hospital’s transfusion medicine service or prepared using disposable kits. 
Approximately 2–3 mL of PRP is mixed with 1–2 mL of 10% calcium gluconate 
solution that is used to activate the PRP solution immediately prior to injection. PRP 

Table 2 Required supplies for periarticular shoulder injections

Syringe 5–10 mL
Needle 22–25 gauge, 1.5 in.
Anesthetic 5 or 7 mL of 1% lidocaine

0.25–0.5% bupivacaine
0.2–0.5% ropivacaine

Corticosteroid 1–2 mL betamethasone sodium phosphate and acetate
1–2 mL methylprednisolone, 40 mg/mL

Platelet-rich plasma 2–3 mL of PRP injected at the rotator cuff tear site
1–2 mL of 10% calcium gluconate solution

Glucose prolotherapy 1 mL of 50% glucose (25 g/50 mL solution)
1 mL of 1% lidocaine
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is commonly injected at the rotator cuff tendon tear site. Glucose prolotherapy 
injections require 1 mL of 50% glucose (25 g/50 mL solution) mixed with 1 mL of 
1% lidocaine, which creates a 25% glucose prolotherapy solution.

 Subacromial Bursitis, Landmark Technique

The patient is placed in a seated position with the arm flexed at the elbow and the 
hand resting on the thigh. The spine of the scapula is located and is followed later-
ally as it becomes the acromion process. Once the posterolateral corner of the acro-
mion process is identified, the space approximately 2 cm below this location is the 
insertion site (Fig. 2). After the location is marked, the needle should be directed 

Fig. 2 Landmark technique for subacromial bursa injection: needle is inserted on the lateral 
aspect of the shoulder approximately 2 cm below the posterolateral corner of the acromion

Periarticular Shoulder Injections
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medially, anteriorly, and slightly superior toward the underside of the midpoint of 
the acromion and advanced to a depth of approximately 3–4 cm. Aspirate to ensure 
the needle is not intravascular. The injectate should go in freely; if there is any resis-
tance, withdraw and readjust.

A randomized, double-blind clinical trial assessed the effectiveness of ultrasound- 
guided versus blind approach subacromial steroid injections to determine improve-
ment in pain and function for subacromial impingement syndrome. Both groups 
showed decreased pain and increased function 6 weeks after the injection. There 
was no significant difference in pain or functional scores between the two groups, 
suggesting high accuracy of blind injections [6, 12].

 Subacromial Bursitis, Ultrasound Technique

Two approaches are used in the ultrasound-guided technique: longitudinal in-
plane and axial out-of-plane. In the longitudinal in-plane approach, the patient is 
placed in a sitting position with the arm slightly flexed at the elbow. The trans-
ducer is then placed in the coronal plane with the supraspinatus tendon in the 
long-axis view (Fig. 3a). The subacromial-subdeltoid bursa appears as an anechoic 
or hypoechoic linear structure below the deltoid muscle and above the supraspi-
natus tendon (Fig. 3b). The bursa is surrounded by peribursal fat, which appears 
hyperechoic. The needle is introduced from the lateral side of the ultrasound 
probe, using an in- plane approach until the tip reaches the subacromial-subdeltoid 
bursa (Fig. 3c).

In the axial out-of-plane approach, the patient is positioned in the same manner 
as above with the transducer in the axial plane with the supraspinatus tendon in a 
short-axis view (Fig. 4a). The supraspinatus muscle and tendon create an arc over 
the humeral head (Fig. 4b). The needle is introduced from a posterior to anterior 
direction with an out-of-plane approach until the tip reaches the bursa, between the 
deltoid muscle and supraspinatus tendon (Fig.  4c). The injectate, viewed under 
ultrasonography, is shown to disperse evenly within the bursa. If it does not, this 
may be an indication that the bursa has multi-compartments caused by bursal adhe-
sion. In these situations, before administering the injectate, the needle tip should be 
moved back and forth within the bursa to break down the adhesions.

 Biceps Tendinopathy, Landmark Technique

The patient is seated with arm flexed at the elbow and the hand is in a supinated 
position. The long-head biceps tendon is palpated inferior to the anterior corner of 
the acromion and found between the greater and lesser tuberosities of the humerus, 
in the bicipital groove (Fig. 5). The upper portion of the tendon is enveloped by the 
tenosynovial sheath. Confirmation of this location can be done by placing fingers in 
the area and externally and internally rotating the patient’s arm; when flexed at 90°, 
a thick cord will be palpated and, in biceps tendinitis, this area will be exceedingly 
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Acromion

Deltoid Muscle

b
a
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Bursa

Supraspinatus Muscle

Needle Entry

Fig. 3 Longitudinal view of the subacromial/subdeltoid bursa: (a) patient is placed in a sitting 
position with arm flexed at the elbow. The ultrasound probe is placed in long-axis view and the 
acromion process is visualized cephalad, (b) sonoanatomy of the subacromial/subdeltoid bursa, (c) 
needle entry in an in-plane approach with endpoint between deltoid muscle (superior) and supra-
spinatus (inferior)

tender. Once the area of maximum tenderness is identified, an area slightly distal to 
this area is marked. When the site is prepped sterile, insert the needle at an angle of 
30–45° and advanced from caudal to cranial to a depth of about 3–4 cm (Fig. 5). 
Aspirate and inject under slight resistance. If there is substantial resistance to the 
injection, withdraw slightly to avoid intra-tendon injection.
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Bursa

Deltoid Muscle

Supraspinatus Muscle
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Needle Entry

a

c
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Fig. 4 Axial view of subacromial/subdeltoid bursa: (a) patient is placed in a sitting position with 
arm flexed at the elbow. The ultrasound probe is placed in a short-axis view and the humeral head 
is visualized inferior, (b) sonoanatomy of the subacromial/subdeltoid bursa, (c) needle entry in an 
out-of-plane approach with endpoint between deltoid muscle (superior) and supraspinatus 
(inferior)
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Fig. 5 Landmark technique for long head of biceps tendon injection: GT greater tuberosity, LT 
lesser tuberosity
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 Biceps Tendinopathy, Ultrasound Technique

The patient is seated with arm flexed at the elbow and the hand is in a supinated 
position. The transducer is placed in the transverse plane below the coracoid process 
(Fig. 6a). The long-head biceps tendon is seen in the short axis. The tendon will be 
viewed between the greater and lesser tuberosity of the humeral head, known as the 
bicipital groove, and underneath the transverse humeral ligament, which is a hyper-
echoic linear structure that bridges the two tuberosities (Fig. 6b). The circumflex 
humeral artery, which runs lateral to the bicipital groove, must be avoided during 
injection. The needle is then introduced at an angle of 30–45° using an out-of-plane 
approach (Fig. 6c). Once the needle pierces the transverse humeral ligament, the 
needle is in the bicep tendon sheath and the solution is injected. As the injectate is 
given slowly, it gradually surrounds the tendon creating what is termed a “doughnut 
sign,” which indicates a successful intra-sheath injection. There is some evidence 
that an intra-sheath injection may track back to the glenohumeral joint and provide 
some intra-articular pain relief [3].

 Supraspinatus Tendinopathy, Landmark Technique

The patient is seated with the arm hyperextended and internally rotated by placing 
the ipsilateral dorsal aspect of the hand over the hip. This position improves access 
by bringing the supraspinatus tendon out from under the acromion. The anterior 
aspect of the acromion is palpated, lateral to the acromioclavicular joint. The needle 
is advanced perpendicular to the skin until it makes gentle contact with the perios-
teum of the humerus (Fig. 7a, b). Withdraw the needle less than 1 cm, aspirate, and 
inject under slight resistance.

 Supraspinatus Tendinopathy, Ultrasound Technique

Ultrasonography of the supraspinatus tendon in both the short and long axis allows 
for increased accuracy in needle approach toward the desired target. For the short- 
axis view, the patient is seated with the arm hyperextended and internally rotated 
by placing the ipsilateral dorsal aspect of the hand over the hip. Placing the trans-
ducer in the axial plane over the anterior shoulder affords maximum view of the 
supraspinatus tendon (Fig. 8a). The corresponding ultrasound image reveals the 
supraspinatus tendon over the hyperechoic humeral head (Fig. 8b). To ensure com-
plete evaluation of the supraspinatus tendon, sweeping the transducer distally will 
allow a full view of the supraspinatus as it passes over the facets and terminates. 
Once the tear or area of tendinopathy is in view, place the needle perpendicular to 
the skin, and advance in an in-plane approach until the needle tip is seen at the site 
of the tendon injury; aspirate and inject under slight resistance (Fig. 8c).
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Fig. 6 Axial view long head of biceps tendon: (a) patient is placed in sitting position with the 
elbow flexed and hand supinated. The ultrasound probe is placed in an axial view at the level of the 
bicipital grove, (b) sonoanatomy of the long head of the biceps tendon, (c) needle entry in an out- 
of- plane approach
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a

b

Fig. 7 Landmark 
technique supraspinatus 
injection: (a) needle entry 
perpendicular to the skin, 
(b) needle tip contacting 
anterior aspect of the 
greater tuberosity of the 
humerus. Reprinted from 
Physical Medicine and 
Rehabilitation Clinics of 
North America, Volume 15, 
issue 2, Todd P. Stitik, 
Patrick M. Foye, Jeffery 
Fossati, Shoulder 
injections for osteoarthritis 
and other disorders, 
407–446, 2004, with 
permission from Elsevier

 Infraspinatus Tendinopathy, Landmark Technique

The patient is placed in a seated position. The infraspinatus tendon insertion site is 
on the posterolateral aspect of the humeral head. Access to the insertion site is best 
when the patient’s arm is relaxed along the side of the body. The needle trajectory is 
perpendicular to the skin, and advanced until gentle contact is made with the peri-
osteum of the humerus (Fig. 9a, b). Withdraw the needle less than 1 cm, aspirate, 
and inject under slight resistance.

 Infraspinatus Tendinopathy, Ultrasound Technique

Ultrasonography of the infraspinatus tendon is best seen when the patient’s hand is 
in his/her lap with the palm facing upward. Over the posterior humerus, the trans-
ducer is placed in an axial plane orientation just below the scapular spine (Fig. 10a). 
This allows viewing of the infraspinatus tendon in long-axis at its insertion on the 
posterior aspect of the greater tuberosity. The humeral head is seen with the adjacent 
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Fig. 8 Supraspinatus short-axis view: (a) patient is in a sitting position with the arm hyperex-
tended and internally rotated by placing the ipsilateral dorsal aspect of the hand over the hip, (b) 
sonoanatomy of supraspinatus tendon, (c) needle entry using an in-plane approach

Periarticular Shoulder Injections



496

a

b

Fig. 9 Infraspinatus 
tendon landmark 
technique: (a) needle entry 
perpendicular to the skin, 
(b) needle tip contacting 
posterior aspect of the 
greater tuberosity of the 
humerus. Reprinted from 
Physical Medicine and 
Rehabilitation Clinics of 
North America, Volume 15, 
issue 2, Todd P. Stitik, 
Patrick M. Foye, Jeffery 
Fossati, Shoulder 
injections for osteoarthritis 
and other disorders, 
407–446, 2004, with 
permission from Elsevier

infraspinatus tendon and glenoid labrum (Fig. 10b). Rotating the probe 90° allows 
a view of the infraspinatus tendon in short-axis. Sweeping the transducer along the 
scapular spine allows full visualization of the infraspinatus tendon. Once the tear or 
area of tendinopathy is observed, place the needle perpendicular to the skin, and 
advance until the needle tip is at the site of the tendon injury; aspirate and inject 
under slight resistance (Fig. 10c).

 Subscapularis Tendinopathy, Landmark Technique

The patient is placed in the supine or sitting position with the arm externally rotated 
to maximize access to the insertion site of the subscapularis tendon on the lesser 
tuberosity of the humerus. The needle trajectory is perpendicular to the skin, and 
advanced until it makes gentle contact with the periosteum of the humerus. Withdraw 
the needle less than 1 cm, aspirate, and inject under slight resistance (Fig. 11a, b).

 Subscapularis Tendinopathy, Ultrasound Technique

For ultrasonography of the subscapularis tendon, the patient’s hand is placed in his/
her lap with the palm facing upward. For the long-axis view, the transducer is in the 
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Fig. 10 Infraspinatus tendon long-axis view: (a) patient in sitting position with hand in lap and 
palm facing upward. The transducer is placed over the posterior humerus in an axial plane orienta-
tion just below the scapular spine, (b) sonoanatomy of the infraspinatus tendon, (c) needle entry in 
an in-plane approach
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a

b

Fig. 11 Subscapularis 
tendon landmark 
technique: (a) needle entry 
perpendicular to the skin, 
(b) needle tip contacting 
lesser tuberosity of the 
humerus. Reprinted from 
Physical Medicine and 
Rehabilitation Clinics of 
North America, volume 15, 
issue 2, Todd P. Stitik, 
Patrick M. Foye, Jeffery 
Fossati, Shoulder 
injections for osteoarthritis 
and other disorders, 
407–446, 2004, with 
permission from Elsevier

axial orientation along the anterior shoulder (Fig. 12a). The transducer is then cen-
tered over the lesser tuberosity to provide a long-axis view of the tendon (Fig. 12b). 
Complete evaluation along the entire tendon requires the patient to externally rotate 
the shoulder. Rotate the transducer 90° along the anterior shoulder to obtain a short- 
axis view of the subscapularis tendon. Once the tear or area of tendinopathy is in 
view, the needle is placed perpendicular to the skin and advanced until the needle tip 
is seen at the site of the tendon injury; aspirate and inject under slight resistance 
(Fig. 12c).

 Potential Complications and Adverse Effects

Periarticular shoulder injections are well tolerated and complications, while rare, 
may include joint infection, damage to nearby bone or cartilage, and vascular or 
nerve damage. The use of corticosteroids in the joint space can cause skin 
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Fig. 12 Subscapularis tendon long-axis view: (a) patient in a sitting position with the elbow 
flexed, palm up, and arm externally rotated to maximize access to the insertion site of the sub-
scapularis tendon, (b) sonoanatomy of the subscapular tendon, (c) needle entry in-plane approach
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depigmentation, fat atrophy, weakening, and rupture of the tendon [2]. Steroids can 
adversely affect tendons by weakening the tendon fibers, potentially causing or 
increasing the size of a tear; however, this effect is less relevant in patients with 
significant pain and reduced functional ability who are not surgical candidates [14]. 
Systemic absorption of the steroid can lead to facial flushing, increased blood glu-
cose levels, and a weakened immune response.
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Clinical and Technical Pearls
• Rotator cuff dysfunction secondary to tendinopathy is a common cause of 

shoulder pain in adults and is characterized by painful functional limitation 
of the shoulder.

• It is essential to have an understanding of pertinent anatomy, such as bone 
surface anatomy and tendon orientation to accurately perform ultrasonog-
raphy of the shoulder.

• Use of ultrasonography for needle placement for periarticular injections of 
the shoulder can reduce complications and increase block success rate.

• The choice of injectate (e.g., corticosteroid, PRP, glucose prolotherapy) is 
dictated by the underlying pathology and chronicity of the injury.
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Injections for Acromioclavicular Joint 
Pain

James Sweet, Alexander F. Bautista, 
and George C. Chang Chien

1  Acromioclavicular Joint Injection

 Overview

Acromioclavicular (AC) joint pain is a common source of shoulder pain, frequently 
observed in clinical practice. It has been estimated that between 0.5–2.9/1000 peo-
ple per year present with AC joint pain [1]. The AC joint is very prone to injury from 
acute trauma to the shoulder following a fall or from sports-related injury. 
Oftentimes, the pain can become chronic. It is frequently accompanied by 

Essential Concepts
• Acromioclavicular (AC) joint injections are usually performed if pain is 

persistent after exhausting conservative treatment modalities. Alternatively, 
this injection also can be offered preemptively, to facilitate physical 
rehabilitation.

• Acromioclavicular injections have both diagnostic and therapeutic value.
• The injection is superficial, and therefore, caution should be practiced and 

utilization of proper technique is necessary to minimize side effects of cor-
ticosteroids such as skin discoloration and subcutaneous fat atrophy.
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progressive arthritic changes in the AC joint, and osteolysis of the joint. Diagnosis 
mainly relies on history and physical examination. Initial treatment often precedes 
imaging modalities such as X-rays and radiographs. Rest, physical therapy, and 
analgesics are part of the initial treatment for AC joint pain. However, local cortico-
steroid injections can be used if previous conservative management fails. 
Alternatively AC injections can be done to facilitate physical rehabilitation [2].

 Indications and Contraindications

Acromioclavicular joint pain is commonly caused by direct injury to the AC joint 
itself. The injury may be due to direct impact to the joint following a fall from an 
outstretched arm or as a consequence of repetitive stress on the joint in people who 
perform overhead lifting activities, e.g., weight lifting. The ongoing microtrauma may 
lead to acute inflammation followed by chronic changes in the AC joint. Commonly 
the condition becomes chronic. It may be accompanied by distal clavicular osteolysis 
[3]. Damage to the AC joint can be associated with damage to the supraspinatus ten-
don and osteophytes from the arthritic joint can be contributory to subacromial 
impingement producing further shoulder pain with localization over the AC joint [4].

Indications for AC joint injection include AC joint pain of various etiologies, 
primary osteoarthritis of AC joint, secondary osteoarthritis of AC joint, including 
traumatic osteoarthritis, and distal clavicle osteolysis [5]. Contraindications for AC 
joint injection include infection at the planned injection site, allergy to, or intoler-
ance to injectate, including local anesthetics and corticosteroids, and patient refusal. 
Relative contraindications include presence of a lesion or mass at the site of the 
injection, severe joint destruction, bone fracture in proximity to the joint [2]. 
Coagulopathy or platelet dysfunction including iatrogenic are not considered to be 
a contraindication to the AC joint injection. However, the clinicians should use the 
best judgment, and discuss risks and benefits in detail with the patient.

 Clinical Anatomy

The acromioclavicular joint is formed by the articulation of the distal end of the 
clavicle and the acromion. The joint is a diarthrodial joint that is surrounded by a 
capsule. It is stabilized by different ligaments namely, the superior, inferior, anterior, 
and posterior ligaments. The AC joint functions as a gliding synovial joint that pro-
vides the ability to raise the arm above the head and facilitate arm rotation (Fig. 1).

There are six grades of AC joint separation (Table 1).
Grades 4–6 are typically treated with surgical intervention to correct the defor-

mity (Fig. 2).

 Equipment and Supplies
Acromioclavicular joint injection can be performed at the bedside either using a 
landmark technique or USG. An antiseptic solution, typically 4% chlorhexidine, 
25  Gauge 1.5-in. needle, 3–5  ml syringe for injectate, mask, and sterile gloves 
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Clavicle

Articular capsule of
acromioclavicular

joint

Acromion

Scapula

Fig. 1 Acromioclavicular joint anatomy as labeled

Table 1 Acromioclavicular (AC) joint separation

Grade 1 AC joint sprain
Grade 2 AC joint ligaments torn
Grade 3 AC joint 100% dislocated
Grade 4 Collarbone displaced backward
Grade 5 AC joint 100% dislocated, with a markedly greater degree 

of separation than grade 4.
Grade 6 Collarbone displaced under the coracoid

should be typically available for this procedure. Local anesthetic, typically 1% lido-
caine, with or without corticosteroid should be prepared for this injection as well. 
An ultrasound device with a high-frequency linear transducer will be typically 
needed (Table 2).

 Landmark Technique
AC joint injection can be potentially technically challenging because the joint is 
very small and narrow. Palpation of the AC joint is achieved by feeling the crevice 
between the distal end of the clavicle and acromion [2]. After identification of the 
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Fig. 2 Acromioclavicular joint separation Grade 3. The distal clavicle has moved superiorly from 
the acromion

Table 2 Acromioclavicular joint injection. Equipment and supplies

Antiseptic 4% chlorhexidine or 10% povidone-iodine (Betadine)
Ultrasound probe 5–18 MHz linear probe, with sterile cover and sterile gel
Syringe 3–5 ml
Needle 25–30 gauge

0.5–1 in.
Injectate local 
anesthetics

1–2% Lidocaine

Injectate 
corticosteroids

Triamcinolone 5–40 mg (t1/2 life: 18–36 h)
Betamethasone 18 mg (t1/2 life: 36–54 h)
Dexamethasone 4 mg (t1/2 life: 36–54 h)
Methylprednisolone 80–125 mg (t1/2 life: 18–36 h)

soft spot in the AC joint, local anesthetic injection can be performed to confirm joint 
localization. The needle is then kept in place and the syringe is exchanged with the 
steroid solution [6].

 Ultrasound Technique

The use of ultrasound guidance can aide the provider in accessing the AC joint. The 
procedure is performed with the patient seated and the arm resting at their side. The 
lateral margin of the clavicle is palpated and the gap adjacent to the lateral margin 
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is identified. The ultrasound is then placed in a coronal plan, across the AC joint 
(Fig. 3).

From this position, the joint capsule is visualized as a hyperechoic fibrillary arc 
marking the superior joint capsule (Fig. 4).

An out-of-plane approach can proceed from this point from anterior to posterior 
(Fig. 5).

Fig. 3 Ultrasound transducer, needle and syringe positioning. Blue arrow points towards location 
over the acromioclavicular joint. Image–courtesy of Dmitri Souza, MD, PhD
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a

b

Fig. 4 (a) Acromioclavicular joint ultrasound evaluation. (b) The clavicle has superior displace-
ment in this image with a distended capsule outlined in yellow and mild joint fluid

Additionally, an in-plane approach can also be utilized from this probe position by 
accessing the joint in a lateral-medial orientation. Lastly, an alternative in-plane 
approach can be accomplished with the ultrasound probe oriented in a sagittal plane, 
and the needle inserted in plane from lateral to medial in to the AC joint capsule [7].

 Potential Complications and Adverse Effects

Intraarticular injection of steroid into the AC joint is generally safe with very mini-
mal risk. Aseptic technique should be employed at all times to minimize the risk of 
infection. Corticosteroids on the other hand carry inherent risks of systemic adverse 
reaction such as hyperglycemia, post-injection symptom flare, facial flushing, and 
anaphylaxis. Also, corticosteroids are associated with tendon weakening/rupture, 
fat atrophy, muscle wasting, skin pigmentation, septic arthritis, potential nerve and 
blood vessel damage. Avoiding frequent injections and high doses are advised, 
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Fig. 5 Acromioclavicular joint injection in a morbidly obese individual. Please note excessive 
adipose tissue over the acromioclavicular joint. Normally, this joint is easy to palpate. In this case 
ultrasonography helped to locate the joint because it was not easily palpable. Gray arrows point 
towards the thickened joint capsule, and hypertrophied synovium. Blue line indicates joint fluid 
mixed with the injectate. Yellow arrows point towards the out of plane needle placed under the joint 
capsule. Red arrows indicate acromioclavicular joint. Image–courtesy of Dmitri Souza, MD, PhD

though, there has been paucity of scientific literature to support the specific interval 
for steroid injections [2].

Clinical and Technical Pearls
• Treatment of AC joint pain involves non-operative treatment that includes 

activity modification, physical therapy, medication, and joint injection.
• Oftentimes, plain radiographs would indicate arthritic changes in the AC 

joint but would be clinically insignificant if the joint is non-tender on pal-
pation. However, radiographs may be warranted to exclude fracture, dislo-
cation, or separation of the AC joint.

• AC joint injection can be done utilizing landmark technique or ultrasound 
guidance at the bedside.

• Although infection risk following steroid injection is rare, it is imperative 
to be cautious in patients who are on chronic steroid or 
immunocompromised.

Injections for Acromioclavicular Joint Pain
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• Anticoagulation need not be stopped for AC joint injection since it has low 
bleeding risk and the area is compressible and superficial.

• Due to the superficial nature of the injection, care should be taken to 
decrease the risk of subcutaneous fat atrophy and skin depigmentation.

• Some evidence suggests greater success when using ultrasound as com-
pared to landmark.

• One cadaveric study demonstrated a high peri-articular injection rate when 
experienced providers used a “blind” technique [8].
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Suprascapular Nerve Block

Rahul Rastogi and Justin Wikle

Essential Concepts
• Suprascapular nerve block is an easy to perform, low-risk procedure that is 

well-tolerated. It can be performed at the bedside.
• It can be useful to treat shoulder pain of various etiologies, including post-

operative shoulder pain, osteoarthritis, other degenerative or inflammatory 
arthropathies of the acromioclavicular or glenohumeral humeral joints, 
adhesive capsulitis, hemiplegic shoulder pain, cancer, trauma, entrapment 
neuropathies, and some other conditions.

• Suprascapular nerve block may be performed using landmarks or ultra-
sound guidance as a distinct nerve block or in combination with brachial 
plexus or other peripheral nerve blocks.
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1  Suprascapular Nerve Block

 Overview

Suprascapular nerve block (SSNB) is an easy to perform, well-tolerated and safe 
procedure for pain relief [1]. It can be utilized for various types of shoulder pain, 
including postoperative pain, osteoarthritis, other degenerative or inflammatory 
arthropathies of the acromioclavicular or glenohumeral humeral joints, adhesive 
capsulitis, hemiplegic shoulder pain, cancer, injury, entrapment neuropathies, and 
some other conditions presenting with shoulder pain. It can be performed at the 
bedside [1–3]. The suprascapular nerve block (SSNB) can be performed in addi-
tion to the interscalene brachial plexus, supraclavicular, or other peripheral nerve 
blockades [4, 5]. This is because the commonly performed interscalene brachial 
plexus block may not completely cover the shoulder, lateral axilla, and posterior 
upper arm. A combination of SSNB with an axillary nerve block can achieve a 
near- complete shoulder block [2, 3]. The suprascapular nerve block can be per-
formed using anterior (proximal), distal superior, and distal posterior approaches.

 Indications and Contraindications

Suprascapular nerve block can be used as a therapeutic or diagnostic tool [4]. It 
can provide relief of acute or refractory shoulder pain of various etiologies 
including degenerative or inflammatory arthropathy of glenohumeral, acromio-
clavicular joints, or even sternoclavicular joint if performed proximally. It can 
alleviate pain secondary to trauma, including rotator cuff injury, adhesive capsu-
litis (“frozen shoulder), and hemiplegic shoulder pain [5, 6]. It can be useful in 
the treatment of SSN neuritis or SSN entrapment [6, 7]. It can be used periopera-
tively for patients undergoing shoulder surgery [3]. One recent high-quality 
meta-analysis established that SSNB can be an effective and safe analgesic tech-
nique providing pain control similar to interscalene brachial plexus block with 
similar utilization of opioid analgesics between these two blocks [4]. It was 
noted that SSNB resulted in fewer nerve block-related complications during 
arthroscopic shoulder surgery, especially in patients with severe chronic obstruc-
tive pulmonary disease, obstructive sleep apnea, and morbid obesity [4]. 
Therefore, careful evaluation of risks and benefits of the anterior (proximal) 
SSNB is critical for patients with respiratory compromise [4, 8]. Suprascapular 
nerve blocks have diagnostic value in planning for SSN decompression surgery, 
neurectomy, or even neuromodulation.

Contraindications include infection at the planned injection site, intolerance or 
allergy to the injectate, including local anesthetic and corticosteroids. Coagulopathy 
including iatrogenic coagulopathy, or impaired platelet function are typically not 
considered contraindications for this procedure [4, 7].
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 Clinical Anatomy

The suprascapular nerve is a mixed sensory and motor nerve originating from ven-
tral rami of C5 and C6 nerve roots leaving the brachial plexus just before the forma-
tion of its superior trunk. Sometimes it also receives fibers from the C4 nerve root 
[1]. It runs posteriorly under the omohyoid muscle towards the trapezius muscle. It 
is typically accompanied by vessels up to the suprascapular notch. At the supra-
scapular notch, the superior transverse scapular ligament separates the SSN from 
the associated vessels [1–3]. The SSN travels under this ligament and over the notch 
towards the suprascapular fossa. In the suprascapular fossa, the SSN gives rise to 
the motor branch to the supraspinatus muscle and sensory articular branch to the 
acromioclavicular joint, posterosuperior glenohumeral joint, rotator cuff elements, 
and coracohumeral ligaments. The nerve continues and passes between the spino-
glenoid ligament and the spinoglenoid notch to enter the infraspinatus fossa. There 
it gives sensory and motor terminal branches to the infraspinatus muscle and some-
times to the glenohumeral joint [1, 9] (Fig. 1; Table 1).

 Equipment and Supplies

Peripheral nerve blocks like the suprascapular nerve can be performed at the bed-
side either using a landmark technique or USG. An antiseptic solution, typically 4% 
chlorhexidine, 22–25 Gauge 1.5–3.5-in. needle, 5–10 ml syringe for injectate, mask, 

Superior transverse
scapular ligament

Suprascapular
artery

Suprascapular
nerve

Spinoglenoid
notch

Suprascapular
nerve branches

Fig. 1 Anatomy of the suprascapular nerve, as labeled
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Table 1 Suprascapular nerve anatomy

Origin Ventral rami of the C5,6 nerve root.
Formation The nerve leaves the brachial plexus just before the formation of the superior 

trunk.
Path •  Runs posteriorly deep to omohyoid muscle and trapezius muscle along the 

superior border of the scapula
•  Continues under superior transverse scapular ligament at the suprascapular 

notch to reach supraspinatus fossa
•  Passes under spinoglenoid ligament over spinoglenoid notch to give 

terminal branches in the infraspinatus fossa
Branches •  In supraspinatus fossa—Motor branch to supraspinatus muscles and sensory 

branch to the acromioclavicular and glenohumeral joints
Relationships Suprascapular artery and vein pass above the superior transverse scapular 

ligament, while the suprascapular nerve passes on the that his ligament
Innervation Motor innervation include supraspinatus and infraspinatus muscles

Sensory innervation include acromioclavicular joint, glenohumeral joint, and 
associated ligaments

Landmarks Acromion, scapular spine, suprascapular notch
Anatomical 
variants

Some of the C4 nerve root fibers may contribute to the suprascapular nerve. 
Suprascapular vein sometimes passes under superior transverse scapular 
ligament.

Table 2 Suprascapular nerve block. Equipment and supplies

Antiseptic 4% chlorhexidine or 10% povidone-iodine (Betadine)
Ultrasound probe 5–20 MHz linear probe, with sterile cover and sterile gel
Syringes 5–10 ml
Needle 22–25 gauge

1.5–3.5 in.
Injectate for hydrolocalization or 
hydrodissection

Normal saline or local anesthetic

Injectate Local anesthetics 0.25–0.5% bupivacaine
0.5% Ropivacaine
1–2% lidocaine

Corticosteroids Triamcinolone 5–40 mg
Dexamethasone 4 mg
Methylprednisolone 80–120 mg

and sterile gloves should be typically prepared for this procedure. Local anesthetic 
with or without corticosteroids is typically prepared for this injection as well. 
Normal saline or local anesthetic can be utilized for ultrasound guidance during 
hydrolocalization. An ultrasound unit with a high-frequency linear transducer will 
be typically needed (Table 2).

 Suprascapular Nerve Block, Landmark Technique

The entry point is identified at the mid–distal scapular spine, just medially from the 
medial border of the acromion, with the patient in either sitting, prone, or lateral decu-
bitus position using palpation. This technique represents the superior distal approach. 
Skin is prepped with antiseptic solution, typically 4% chlorhexidine, and anesthetized 
using 1 ml of 1% Lidocaine. The needle should be advanced caudad from the entry 
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point to reach the supraspinatus fossa floor. A typical volume of the injectate for the 
landmark technique is large, 10–15 ml. Alternatively, the needle can be introduced 
below the scapular spine to target spinoglenoid notch for the posterior distal approach.

The anterior (proximal) approach is not recommended with the landmark tech-
nique [10–12].

 Ultrasound Technique

Ultrasound guidance is preferable for the SSNB as it allows real-time visualization 
of the needle advancement and observation of the injectate spread. It would likely 
help to avoid intravascular injection and, with the anterior (proximal) SSNB, may 
decrease the chance of pneumothorax and incidental phrenic nerve block.

The patient can be in the supine position for the anterior (proximal) approach. The 
suprascapular nerve can be located under the inferior belly of the omohyoid muscle. 
Because of the precise localization of the SSN, this approach allows to use of a lower 
volume of injectate, 3–5 ml, as compared to 10–15 ml with blind injection (Table 3).

Table 3 Suprascapular nerve block. Ultrasound-guided techniques

Position Siting with holding contralateral shoulder or prone with the arm hanging 
down (for superior and posterior approaches) or supine with 
contralateral neck turn (for anterior approach).

USG probe 5–18 MHz linear probe
Superior and posterior 
(distal) approaches

In-plane: medial to lateral > lateral to medial
Also, can be done out of plane

   Probe orientation In-plane or out of plane, over and parallel to the scapular spine over the 
suprascapular notch and suprascapular fossa for superior distal approach
In-plane or out of plane, below and parallel to the scapular spine over 
the spinoglenoid notch fossa for posterior distal approach

   Important structures 
to visualize with 
ultrasonography

Suprascapular notch and superior transverse carpal ligament for superior 
distal approach
Spinoglenoid notch for posterior distal approach

   Technique and 
additional tips

Advance needle towards the suprascapular notch using a superior distal 
approach
Advanced needle towards spinoglenoid notch for posterior distal 
approach
Out of plane technique frequently requires hydrolocalization/
hydrodissection
Identify suprascapular artery and vein using Doppler

Anterior (proximal) 
approach

Supine, in-plane, lateral to medial needle passage

   Probe orientation In-plane, parallel to scapula spine and near distal clavicle at 
supraclavicular fossa.

   Important structures 
to visualize with 
ultrasonography

Supraclavicular fossa
Identify the inferior belly of the omohyoid muscle and brachial plexus

   Technique and 
additional tips

Advance needle lateral to medial through the omohyoid muscle towards 
inferior to SSN situated under omohyoid muscle and lateral to brachial 
plexus.

   Concerns Still unable to reliably prevent phrenic nerve block
Injectate volume 3–5 ml

Suprascapular Nerve Block
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The patient can be located prone or sitting for the distal anterior and distal pos-
terior approaches. The ultrasound transducer should be located parallel to the distal 
clavicle superiorly, and medially to the acromion. This position of the transducer 
will allow visualization of the supraclavicular fossa (Figs. 2 and 3). The precise 
injection allows lower volumes of the injectate, typically 3–5 ml of, to be as clini-
cally effective as higher volumes of local anesthetic used for the blind injections.

The suprascapular nerve block can be performed at the level of spinoglenoid 
notch. With this approach the transducer is parallel to the distal scapular spine, 
slowly moved caudad and lateral until the SSN becomes visible under the spinogle-
noid ligament (Figs. 4 and 5).

 Potential Complications

The suprascapular nerve block is typically well-tolerated, and the complications are 
rare. The complications may be related to nerve injury, infection, bleeding, allergic 
reaction, or intolerance to the components of injectate, including local anesthetic 
and corticosteroids. The patient should be advised that on rare occasions the SSNB 

Fig. 2 The superior distal approach for the ultrasound-guided suprascapular nerve block. 
Ultrasound transducer orientation. Image—courtesy of Dmitri Souza
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Fig. 3 Ultrasonogram of the suprascapular nerve block, superior distal approach. Dashed line 
represents out of plane the needle trajectory. Image—courtesy of Dmitri Souza

Fig. 4 Ultrasound-guided suprascapular nerve block at the spinoglenoid notch, posterior distal 
approach. Ultrasound transducer orientation. Image—courtesy of Dmitri Souza
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Fig. 5 Ultrasonogram of the suprascapular nerve block at the spinoglenoid notch, posterior distal 
approach. The dashed line represents the needle trajectory. Blue arrow points to the needle shaft. 
Blue line delineates the injectate used for the hydrolocalization during the injection. The yellow 
line delineates injectate over the suprascapular nerve. Image—courtesy of Dmitri Souza

may not work, or, even less likely, the pain may get worse. The landmark-based 
injection has a higher potential for intravascular uptake resulting in local anesthetic 
toxicity, partly because of the volume of injectate for the landmark technique is 
typically significantly higher than with the ultrasound-guided technique [10–12]. 
The local anesthetic toxicity may be manifested as a metallic taste in the mouth, 
dizziness, ringing in the ears, perioral numbness, blurred vision, slurred speech, 
drowsiness, hypotension, and cardiorespiratory arrest.

With the anterior superior approach, especially with the proximal part of the 
nerve blockade, pneumothorax and phrenic nerve blockade may occur, especially 
with blind injection [11].
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Clinical and Technical Pearls
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Brachial Plexus Blocks

Joseph M. Hanna and Ramsey N. Saad

1  Brachial Plexus Blocks

 Overview

Bedside analgesia of the upper limb can be achieved by blocking the brachial plexus 
at different stages along its course. The four most common approaches used are 
interscalene, supraclavicular, infraclavicular, and axillary blocks. Ultrasound guid-
ance has allowed clinicians to visualize the needle position in real time in relation 
to the various structures. It has proven especially useful in patients with anatomical 
variations [1]. The purpose of this chapter is to review the pertinent clinical anatomy 
of the brachial plexus as well as the ultrasound-guided techniques for the most 
 common approaches used to block it. Will also focus on risks and possible 

Essential Concepts
• Bedside analgesia of the upper limb can be achieved by blocking the bra-

chial plexus at different stages along its course.
• The four most common approaches used are interscalene, supraclavicular, 

infraclavicular, and axillary blocks.
• Ultrasound guidance has allowed clinicians to visualize the needle position 

in real time in relation to the various structures. It has proven especially 
useful in patients with anatomical variations.
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complications that could arise during the performance of such blocks with the inten-
tion to anticipate and hopefully avoid them.

2  Common Indications and Contraindications

Interscalene block provides analgesia from the distal extent of the clavicle, shoulder 
joint, and proximal humerus [2]. Supraclavicular brachial plexus block provides 
analgesia from the mid-humerus to the fingertips. Infraclavicular brachial plexus 
block provides analgesia from mid-humerus to the fingertips. This block typically 
spares the intercostobrachial nerve.

Contraindications for Interscalene block include pulmonary disease, heart dis-
ease, cellulitis/abscess over the site of injection, patient refusal, and allergy to the 
local anesthetic. Morbid obesity may be a relative contraindication as respiratory 
insufficiency can result in hemi-diaphragmatic paralysis. As for supraclavicular and 
infraclavicular blocks, avoid if the patient has cellulitis and/or abscess over the site 
of injection. In the case of the supraclavicular block, in particular, use caution in 
patients with poor pulmonary reserve, as an accidental pneumothorax may signifi-
cantly worsen their respiratory status (example: known pneumonia on the contralat-
eral side).

3  Clinical Anatomy of the Brachial Plexus

The brachial plexus is a network of nerve fibers that supply the skin and muscula-
ture of the upper limb. It begins in the root of the neck, passes through the axilla, and 
runs through the entire upper extremity. The plexus is formed by the anterior rami 
of cervical spinal nerves C5, C6, C7 and C8, and the first thoracic spinal nerve, T1. 
The brachial plexus is divided into five parts; roots, trunks, divisions, cords and 
branches (see Fig. 1).

 Roots

The roots of the brachial plexus are formed by the anterior rami of spinal nerves 
C5-T1 (the posterior divisions innervate the skin and musculature of the intrinsic 
back muscles). After their formation, these nerves pass between the anterior and 
middle scalene muscles to enter the base of the neck.

 Trunks

At the base of the neck, the roots of the brachial plexus converge to form three 
trunks. These structures are named by their relative anatomical location: Superior 
trunk—combination of C5 and C6 roots. Middle trunk—continuation of C7. Inferior 
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Fig. 1 Brachial plexus diagram, as labeled

trunk—combination of C8 and T1 roots.The trunks traverse laterally, crossing the 
posterior triangle of the neck.

 Divisions

Each trunk divides into two branches within the posterior triangle of the neck. One 
division moves anteriorly (toward the front of the body) and the other posteriorly 
(towards the back of the body). Thus, they are known as the anterior and posterior 
divisions. We now have three anterior and three posterior nerve fibers. These divi-
sions leave the posterior triangle and pass into the axilla. They recombine into the 
cords of the brachial plexus.

 Cords

Once the anterior and posterior divisions have entered the axilla, they combine 
together to form three cords, named by their position relative to the axillary artery. 
The lateral cord is formed by the anterior division of the superior and middle trunks 
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The posterior cord is formed by the posterior division of the superior, middle and 
inferior trunks. The medial cord is formed by the anterior division of the inferior 
trunk. The cords give rise to the major branches of the brachial plexus.

 Major Branches

In the axilla and the proximal aspect of the upper limb, the three cords give rise to 
five major branches. These nerves continue into the upper limb to provide innerva-
tion to the muscles and skin present. In this section, we shall concentrate on these 
five nerves (Table 1).

Table 1 Brachial plexus and its branches

Nerve Roots Motor Sensory
Musculocutaneous 
nerve

C5, 6 and 7 Innervates brachialis, 
biceps brachii and 
coracobrachialis muscles

Gives off the lateral 
cutaneous branch of the 
forearm, which innervates 
the lateral half of the 
anterior forearm, and a 
small lateral portion of the 
posterior forearm

Axillary nerve C5 and 6 Innervates teres minor and 
deltoid muscles

Gives off the superior lateral 
cutaneous nerve of arm, 
which innervates the 
inferior region of the deltoid

Median nerve C6-T1. (Also 
contains fibers 
from C5 in 
some 
individuals)

Innervates most of the 
flexor muscles in the 
forearm, the thenar 
muscles, and the two 
lateral lumbricals 
associated with the index 
and middle fingers

Gives off the palmar 
cutaneous branch, which 
innervates the lateral part of 
the palm, and the digital 
cutaneous branch, which 
innervates the lateral three 
and a half fingers on the 
anterior (palmar) surface of 
the hand

Radial nerve C5-T1 Innervates the triceps 
brachii, and the muscles in 
the posterior compartment 
of the forearm (which are 
primarily, but not 
exclusively, extensors of 
the wrist and fingers)

Innervates the posterior 
aspect of the arm and 
forearm, and the 
posterolateral aspect of the 
hand

Ulnar nerve C8 and T1 Innervates the muscles of 
the hand (apart from the 
thenar muscles and two 
lateral lumbricals), flexor 
carpi ulnaris and medial 
half of flexor digitorum 
profundus

Innervates the anterior and 
posterior surfaces of the 
medial one and half fingers, 
and associated palm area
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 Anatomic Variations

There are many variations in the anatomy of the brachial plexus and in the course of 
the terminal nerves and vascular elements [3]. The plexus may include anterior rami 
from C4 to C8 (“prefixed”) or, less commonly, from C5 to T2 (“postfixed”). The 
presence of the connective tissue sheath that invests the plexus at various regions are 
controversial. A continuous, tubular sheath has been shown unlikely, especially in 
the axillary region. A more convoluted and septated structure may be the cause of 
nonuniform distribution of local anesthetic in many cases, which supports the find-
ings that multiple injection techniques may be superior [4] C5 and/or C6 nerve roots 
may traverse either through or anterior to the anterior scalene muscle [5]. In many 
cadaver specimens, no inferior trunk exists [6]. A single cord or a pair of cords may 
develop. It has been observed that no discrete posterior cord forms in some cases, 
with the posterior divisions diverging to form terminal nerves. The terminal nerves 
may lie in various relations to the axillary vessels. The musculocutaneous nerve 
may fuse to or have communications with the median nerve, which can result in the 
absence of the former from within the coracobrachialis muscle. Communication 
between the median and ulnar nerves in the forearm are common, with the median 
nerve replacing the innervation to various muscles normally supplied by the ulnar 
nerve [7]. There may also be variations with respect to the vessels within the arm, 
with aberrant formations including double axillary veins, high origin of the radial 
artery, and double brachial arteries.

 Peripheral Nerve Ultrasound Imaging

Peripheral nerves have a fascicular or “honeycomb” echotexture [8]. This consists 
of the mixture of nerve fiber (hypoechoic) and connective tissue (hyperechoic) con-
tent within the nerve. Because there is little connective tissue within more central 
nerves (e.g., the cervical ventral rami of the brachial plexus), these nerves have a 
monofascicular or oligofascicular appearance on ultrasound scans. Nerves that are 
surrounded by hypoechoic muscle are usually easier to visualize than nerves that are 
surrounded by hyperechoic fat because the nerve borders are more evident. 
Peripheral nerves have a complex architecture. The connective tissue content and 
fascicle count of peripheral nerves vary directly. That is, the amount of connective 
tissue is more abundant in multifascicular nerves. The connective tissue within 
nerves protects the fascicles from injury. Therefore, monofascicular nerves are more 
vulnerable to damage. High ultrasound frequencies (10–15  MHz) provide better 
resolution of nerve fascicles. Short-axis sliding (sliding the transducer along the 
known nerve path with the nerve viewed in short axis) is a powerful technique not 
only to identify small nerves with ultrasound but also assess the longitudinal distri-
bution of local anesthetic along the nerve.
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4 Equipment and Supplies

The same equipment is basically needed for all approaches to brachial plexus block: 
High frequency (more than 10 MHz) linear ultrasound probe, Chlorhexidine 2% or 
povidone iodine skin disinfectant solution, Local anesthetic; for longer duration 
blocks bupivacaine 0.5% or ropivacaine 0.5%, for shorter blocks lidocaine 2% or 
mepivacaine 1.5%, A 10–20 mL syringe with extension tubing, Short bevel block 
needle (10 cm, 22–18 gauge), Sterile ultrasound probe cover, Sterile ultrasound gel 
and Standard vitals monitoring equipment (NIBP, rhythm monitoring, +/−  pulse 
oximetry).

5  Interscalene Block

Interscalene block is indicated mostly for surgical anesthesia to the shoulder, upper 
arm, and forearm but is often insufficient for the hand [9]. It frequently spares C8 
and T1 fibers, which innervate the ulnar border of the forearm. Low interscalene 
block (below C6) may provide sufficient anesthesia and analgesia for procedures on 
the lower arm. The landmarks of the block are Sternal head of the sternocleidomas-
toid muscle, Clavicular head of the sternocleidomastoid muscle, Upper border of 
the cricoid cartilage and Clavicle. The patient is positioned supine, with their head 
slightly rotated to the contralateral side. The head-of-bed elevation should be about 
45°. The semi sitting (beach-chair) position helps comfort the patient, lowers the 
arm by gravity, and brings the plane of imaging closer to the plane of the display. 
The interscalene groove lies immediately behind the lateral border of the clavicular 
head of the sternocleidomastoid muscle at the level of the cricoid cartilage (C6). 
The operator stands either at the head or at the side of the bed, depending on the side 
of the block and the handedness of the operator. Prepare the needle insertion site and 
other applicable skin areas with an antiseptic solution. Maintain sterility of the US 
probe with a standard sleeve cover or transparent dressing.

Begin by scanning anteriorly at the cricoid cartilage level (C6) with movement 
from anterior and medial to posterior and lateral toward the interscalene groove, 
other option is to scan proximally from the supraclavicular fossa to the interscalene 
location. At the supraclavicular fossa, the brachial plexus (trunks/divisions) can be 
seen in short axis as a tightly enclosed cluster (i.e., honeycomb-like), superior and 
lateral to the subclavian artery. After tracing the nerves in a proximal fashion toward 
the interscalene groove, the nerve structures (roots/trunks) are visualized in a sagit-
tal oblique section as three (usually) or up to five round or oval-shaped hypoechoic 
structures lying between the scalenus anterior and medius muscles (see Figs.  2, 
3, and 4).

C8 and T1 roots may be difficult to identify because of their depth. Infiltrate the 
skin at the determined needle insertion site with local anesthetic. 22-gauge, insu-
lated 50-mm echogenic needle is introduced in plane to the probe and advanced to 
a maximum of 3 cm for most patients. The needle is moved from lateral to medial 
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Fig. 3 Patient and transducer orientation, needle trajectory as seen

(still slightly caudad) to first pass through the scalenus medius muscle before enter-
ing the interscalene groove. It is recommended to use normal saline to enable fur-
ther nerve localization. The needle tip should be positioned adjacent to the 
components of the brachial plexus for injection within the interscalene groove. 
Most authors recommend a multiple injection technique to ensure complete plexus 
anesthesia. With this approach the initial aim of the needle is deep (under the more 
caudal elements of the plexus) so that the brachial plexus rises closer to the skin 
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Fig. 4 Ultrasound-guided interscalene block. Red arrows point to the needle. Yellow line—bra-
chial plexus, CA carotid artery, SCM sternocleidomastoid muscle, ASM anterior scalene muscle, 
MCM middle scalene muscle

surface with the injection of local anesthetic. This makes the subsequent needle 
passes easier to perform. Inferior trunk sparing occurs less often with this multiple 
injection ultrasound technique. Local anesthetic distention in this compartment can 
be seen by US as a hypoechoic (fluid) expansion. If a continuous block is indicated, 
the bevel of the introducing needle should be directed laterally. Placement of a stim-
ulating catheter may be aided by dilating the perineural space with D5W, which will 
allow the user to monitor the catheter’s advancement to a location where motor 
response is maintained at <0.5 mA. Securing catheters in the freely mobile neck is 
a challenge. Some prefer to secure the catheter by tunneling 3–4 cm below the skin 
by passing it back through an intravenous catheter that has been introduced subcu-
taneously near the entry site. Despite the fact that subarachnoid or intraneural injec-
tion can occur even when the threshold current is >0.4 mA, it is advisable to avoid 
injecting when the current responses are less than 0.4 mA. During OOP US-guided 
technique, angling the needle more than 45° should be avoided as the needle may be 
inserted too deep and directed toward the spinal cord.
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 Complications

Complications from this approach are related to the structures located in the vicinity 
of the tubercle. The cupola of the lung is close, particularly on the right side, and can 
be contacted if the needle is directed too far caudally. Pneumothorax should be 
considered if cough or chest pain is produced while exploring for the nerve. If the 
needle is allowed to pass directly medially, it may enter the intervertebral foramen, 
and injection of local anesthetic may produce spinal or epidural anesthesia. The 
vertebral artery passes posteriorly at the level of the sixth vertebra to lie in its canal 
in the transverse process that can be seen as a pulsatile structure deep to the plexus; 
direct injection into this vessel can rapidly produce central nervous system toxicity 
and convulsions. Careful aspiration and incremental injections are important to help 
avoid both of these potential problems. Even with appropriate injection, local anes-
thetic solution can spread to contiguous nerves. It may produce cervical plexus 
block, including motor fibers to the diaphragm. Horner’s syndrome is common 
because of spread to the sympathetic chain. Neuropathy of the C6 root is a potential 
problem because the needle may unintentionally pin the nerve root against the 
tubercle and predispose to intraneural injection.

6  Supraclavicular Block [10]

The supraclavicular block targets the trunks and/or divisions of the brachial plexus, 
depending on the location of the injection site and the patient’s anatomy. Landmarks 
and positioning is similar to the interscalene block. The probe is first placed in a 
coronal oblique plane just above the upper border of the clavicle. Start scanning 
from lateral to medial until the subclavian artery is identified. Dorsal and ventral 
rotations of the probe may be necessary to optimize imaging. Transducer rotation 
clockwise often facilitate best imaging of the tissue space (sheath) containing the 
plexus. With the subclavian artery in the middle of the Ultrasound screen (anechoic, 
hypodense, pulsatile and round, can be verified with color doppler), the plexus 
enclosed within the brachial plexus sheath (cluster of hypoechoic “grape-like” 
structures surrounded by a hyperechoic lining) is located superolateral to the artery 
with the first rib (hyperechoic line with dorsal shadowing) noted under the neuro-
vascular bundle. The anechoic subclavian vein may be seen inferomedial to the 
artery. Infiltrate the skin at the determined needle insertion site with local anesthetic 
(see Fig. 3).

A 22-gauge, insulated 50-mm echogenic needle or less is inserted immediately 
above the clavicle and introduced in plane to the probe and advanced from lateral to 
medial with a slight cephalad angle. The brachial plexus is very shallow at this loca-
tion, typically 1–3 cm; therefore, inclination of the needle should be equally shal-
low. Consider the use normal saline to help with nerve localization 
(Hydro-localization). Consider the usage of additional monitor to prevent intra- 
neural injection by having the threshold stimulation >0.2 mA. Best to deposit local 
anesthetic next to the nerve structures immediately lateral to the subclavian artery 
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on top of the first rib. Typically, 20–25 mL of local anesthetic is required for ade-
quate block. It has been suggested that lower volumes can be used in older patients. 
The ultrasound-guided continuous supraclavicular block is in many ways similar to 
the technique used for interscalene catheter placement. The goal is to place the cath-
eter within the vicinity of the trunks and divisions of the brachial plexus adjacent to 
the subclavian artery. The needle is typically inserted in plane from the lateral-to- 
medial direction so that the tip is just posterior to the brachial plexus sheath. The 
needle is then advanced to pierce the sheath, followed by catheter placement.

 Complications

The greatest risk of the block is pneumothorax given that the cupola of the lung lies 
just medial to the first rib. Overall, Pneumothorax is a rare but possible complica-
tion, typically delayed rather than immediate, therefore, it is important to keep the 
needle tip visible at all times. The risk of pneumothorax increases in: Right sided 
block, as the cupola of the lung is higher on that side as well as in tall, thin patients. 
The neck is a highly vascular area, and care must be exercised to avoid needle place-
ment or injection into the vascular structures (subclavian artery, dorsal scapular 
artery, suprascapular artery and the transverse cervical artery). The use of color 
Doppler before needle placement and injection is highly recommended. The inabil-
ity to initiate injection with an opening injection pressure of less than 15 psi may 
signal an intrafascicular injection.

7  Infraclavicular Block

This approach targets the cords of the brachial plexus [11–13]. The landmarks of 
this block is mainly the medial aspect of the coracoid process. The patient is placed 
in the supine position with the head turned to the opposite side. The arm may be to 
the patient’s side or in the abduction position. Immediately medial and inferior to 
the coracoid process, position the transducer in a parasagittal plain to visualize a 
short-axis view of the brachial plexus cords and axillary artery and vein. The pecto-
ralis major and minor muscles are superficial to the abovementioned neurovascular 
bundle. The axillary vein lies medial and caudad to the artery. The lateral cord of the 
plexus is easily visualized. The medial cord lies between the axillary artery and 
vein, and the posterior cord can be deep to the axillary artery (see Fig. 4).

Another advantage of using ultrasound is to account for anatomic variations. The 
skin is infiltrated with local anesthetic. A 22-gauge 50  mm echogenic needle is 
inserted cephalad to the probe and is then advanced caudally and posteriorly at 
approximately 30° to the skin, with the goal being to place the needle and visualize 
local anesthetic spread posterior to the axillary artery next to the posterior cord. 
Repositioning the needle may be required if inadequate spread is noted around the 
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lateral and medial cords with the initial needle placement. The technique is similar 
to block under ultrasound visualization. One technical aspect, though, is sometimes 
the catheter may be adjacent to one cord and not provide adequate coverage with 
small volume infusions. Increasing the volume or injecting boluses may sometimes 
improve coverage of the distribution of the other cords (Figs. 5 and 6).

 Complications

Greatly reduced by the use of real time ultrasound and needle visualization at all 
times. Intravascular puncture and injection is a documented risk. Pneumothorax risk 
is decreased by lateral needle placement. Lower risk of phrenic nerve blockade and 
stellate ganglion block compared to interscalene and supraclavicular approaches.
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Clinical Pearls
• Knowledge of the Brachial plexus anatomy and possible anatomical varia-

tions is mandatory to effectively and safely perform upper extremity blocks 
even with ultrasound guidance.

• Appropriate patient positioning and scanning techniques are helpful in per-
forming successful and safe blocks.

• Be watchful for possible complications/side effects, like accidental intra-
vascular injection, blocking of adjacent nerve structure (example: phrenic 
nerve or stellate ganglion) and/or unintended organ injury (for instance 
pneumothorax mainly with supraclavicular block).
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Axillary Nerve Block

Elizabeth A. Scholzen and Kristopher M. Schroeder

1  Axillary Nerve Block

 Overview

The axillary nerve branches off of the posterior cord of the brachial plexus before 
traversing through the quadrangle space and along the posterior aspect of the 
humerus. It provides sensory to the deltoid as well as the glenohumeral joint mean-
ing that it can be used for both analgesia of the shoulder and the deltoid and can be 
used for surgeries related to either.

Essential Concepts
• Axillary nerve block, when combined with suprascapular nerve block, can 

provide adequate analgesia for shoulder surgery without concern for 
phrenic nerve involvement.

• Axillary nerve blockade can be performed at the bedside for procedures 
related to the deltoid in the emergency department and is technically less 
complex than performing a brachial plexus block for the same procedure.

• Axillary nerve blockade is well tolerated and easy to perform with ultra-
sound guidance or nerve stimulation.
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 Indications and Contraindications

• Axillary nerve blockade may be utilized for anesthesia/analgesia in the setting of 
surgical procedures involving the deltoid such as deltoid abscess incision and 
drainage that may be performed in the emergency department. Deltoid abscesses 
are most commonly encountered in the setting of intravenous drug abuse. 
Axillary nerve blockade provides analgesia in the distribution required for proxi-
mal deltoid abscess I&D. However, anterior abscess extension towards the axilla 
may not be adequately anesthetized with an axillary nerve block and supplemen-
tal local anesthetic administration may be required [1].

• Axillary nerve blockade combined with suprascapular nerve blockade may be uti-
lized as an alternative to a brachial plexus block for shoulder surgery. While inter-
scalene blockade may be considered the “gold standard” for the provision of 
analgesia following surgical procedures of the shoulder, this technique can be asso-
ciated with a number of potential undesirable outcomes including phrenic nerve 
blockade, vascular puncture, pulmonary injury and Horner’s syndrome. The risk of 
these complications can be minimized with the provision of axillary and supra-
scapular nerve blocks. It is important to remember that the combination of these 
blocks does not provide as complete analgesia when compared to an interscalene 
block and it is unlikely that these techniques will provide surgical anesthesia and 
additional analgesics may be required in the immediate post- operative period [2]. 
Contrainidications include patient refusal, infection at the injection site, axillary 
lymphadenopathy, and severe coagulopathy.

 Clinical Anatomy

The axillary nerve is a branch of the brachial plexus off the posterior cord of the 
plexus; encompassing fibers from C5 and C6 nerve routes (Fig. 1). An infraclavicu-
lar ultrasound image of the brachial plexus demonstrates the three cords (medial, 
lateral, and posterior) surrounding the axillary nerve (Fig. 2). The nerve then travels 
to the axilla posterior to the axillary artery and exits the axilla through the quadran-
gular space (Table 1, Fig. 3). It then wraps around the humerus where it divides into 
its terminal branches [3]. See Fig. 4 for sensory innervation of the arm.

• Posterior terminal branch: Sensory innervation of the skin over the deltoid as 
well as motor to the posterior deltoid and the teres minor muscles.

• Anterior terminal branch: Sensory innervation through cutaneous branches to the 
anterior and lateral shoulder and motor innervation to the anterior deltoid

• Articular branch: Innervation of the glenohumeral joint

 Equipment and Supplies

Axillary nerve blocks are easily performed at the bedside in the emergency depart-
ment or in the preoperative area. Typically, a 100 mm insulated, short bevel needle 
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Fig. 1 Take off of axillary nerve from the posterior cord

is used with or without nerve stimulation. Ten to fifteen milliliters of 0.25% bupiva-
caine with 2.5 mcg/mL epinephrine is typically injected following the use of subcu-
taneous lidocaine for cutaneous infiltration (Table 2).

 Axillary Nerve Block Technique

The axillary nerve is best blocked after it exits the quadrangle space and runs along 
the posterior aspect of the humerus. Blocking the nerve more distally prevents acci-
dental intraarticular injection. The block is generally performed with the patient in 
the seated position with the targeted arm positioned at their side.

In a landmark based approach, the point of needle insertion is determined by 
identifying the cross section between a horizonal and vertical plane. The horizonal 
plane is determine by palpating the acromion process and the inferior aspect of the 
scapula and drawing a line between the two. The midway point of this line is the 
horizonal plane for the block. The vertical plane is determined by palpating the 
acromion process again and drawing a vertical line from this point vertically down 
the back of the humerus. The needle insertion point is at the intersection of these 
two lines [4].

A 100 mm insulated short bevel needle is inserted perpendicular to the skin and 
directed anteriorly. Motor stimulation of the anterior deltoid indicates appropriate 
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Fig. 2 Infraclavicular ultrasound image of the brachial plexus outlining the three cords of the 
brachial plexus

Table 1 Borders of quadrangular space Superior Teres minor
Inferior Teres major
Lateral Neck of the humerus
Medial Triceps
Anterior Subscapularis

localization of the axillary nerve. In the event that motor stimulation of the deltoid 
muscle is unable to be accomplished, the needle can be slowly redirected in the 
vertical plane until the anterior deltoid is stimulated. Once the location of the nerve 
is identified, 10–15  mL of 0.5% bupivacaine with 2.5  mcg/mL epinephrine is 
injected.
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Fig. 3 Axillary nerve exits through the quadrangle space

 Ultrasound Technique

Ultrasound guided axillary nerve blockade is best performed with the patient either 
sitting or in the lateral decubitus position with the targeted arm against the side of 
the patient’s body. A high-frequency, linear ultrasound probe is placed on the 
humerus, see Fig. 5. On ultrasound, the deltoid muscle is visualized superficial to 
the nerve while the teres minor and triceps muscles will be visible on either side of 
the nerve. The posterior circumflex humeral artery is visualized posterior to the 
humerus. The axillary nerve may be visualized adjacent to the artery but this may 
not be a reliable finding in all patients. See Fig. 6. If uncertainty exists regarding 
nerve location on ultrasound imaging, simultaneous nerve stimulation may provide 
a dual-endpoint for nerve localization.

 Potential Complications and Adverse Effects

This procedure is generally well tolerated. However, as with any procedure, risks 
are ever-present for any interventional procedure. In select patients, the posterior 
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Axillary
nerve

Fig. 4 Sensory 
innervation of the axillary 
nerve

Table 2 Required supplies for 
axillary nerve blocks

Syringe 20 mL syringe
Needle 100 mm insulated short bevel needle
Anesthetic 0.25% bupivacaine with 1:200,000 

epinephrine

circumflex humeral artery may travel near the axillary nerve and therefore there is a 
risk of arterial injury or intraarterial injection. This risk may be significantly mini-
mized through the utilization of ultrasound guidance [5]. The majority of complica-
tions related to axillary nerve block are not specific to the axillary nerve but rather 
apply to all peripheral nerve blocks [6] (Table 3) (C. L. Jeng, December 2010).
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Fig. 5 Ultrasound position for obtaining axillary artery picture
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Fig. 6 Axillary artery on ultrasound

Table 3 Additional potential complications and adverse effects. References

• Increased risk of hematoma in patients with acquired or inherent coagulopathies
• Nerve damage via direct needle trauma or intraneural injection
• Risk of local anesthetic systemic toxicity (LAST) similar to all regional anesthesia 
procedures with accidental intravascular injection
• Anaphylaxis reaction to the local anesthetic used

Clinical and Technical Pearls
• Axillary and suprascapular nerve blocks are usually performed simultane-

ously to provide shoulder analgesia in patients with contraindications to 
interscalene blockade.

• Axillary nerve blocks can be easily performed in the emergency depart-
ment for bedside procedures involving the deltoid.

• Attention should be paid to the location of the posterior circumflex humeral 
artery and utilization of ultrasound guidance may reduce the risk of inad-
vertent vascular puncture.

E. A. Scholzen and K. M. Schroeder
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Bedside Pectoralis Minor and Scalene 
Muscles Injections

Reza Salajegheh, Logan D. Kinch, and Cody C. Rowan

Essential Concepts
• Ultrasound-guided Pectoralis Minor and Scalene Injections serve as poten-

tial diagnostic tools in the discovery of Neurogenic Thoracic Outlet 
Syndrome (NTOS) and Pectoralis Minor Syndrome

• Along with physical therapy, these procedures may also serve as potential 
therapeutic modalities in the treatment of NTOS.

• Goals of treatment with Pectoralis Minor and Scalene injections may be to 
interrupt a symptomatic flare, as part of maintenance therapy, or as a pre-
cursor to potential definitive surgical correction.

• The mechanism of action is unknown but is thought to involve relaxation of 
the musculature, resulting in alleviation of the neurogenic compression.

• Pain/symptomatic relief should be rapid (determination of relief should 
occur within the same visit) and may last hours, to days, to weeks, to months.

• Lateral pectoral nerve, located between pectoralis minor and pectoralis 
major muscles can be injected for relief of otherwise unexplained anterior 
shoulder pain.
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1  Bedside Pectoralis Minor and Scalene 
Muscles Injections

 Overview

• Thoracic outlet syndrome is a controversial diagnosis in the evaluation of neck, 
shoulder, and upper extremity pain and paresthesias. Originally introduced in 
1956, the term “Thoracic Outlet Syndrome” (TOS) was coined to describe neu-
rovascular compression within the thoracic outlet as a possible cause for these 
symptoms [1]. The two primary subtypes of TOS include neurogenic thoracic 
outlet syndrome (NTOS) which will be the focus of this chapter and vascular 
thoracic outlet syndrome. Greater than 90% of cases of TOS are considered to be 
neurogenic in origin, and though sometimes categorized separately. Pectoralis 
Minor Syndrome does fall under this umbrella as well [2, 3]. Neurogenic TOS is 
further divided into “Disputed” or “True”; where true NTOS is defined as having 
objective diagnostic findings while disputed NTOS lacks these [2]. Indeed, an 
advantage of pectoralis minor and scalene muscles injections is that they may 
help to shift more cases from the “disputed”, to the “true” subcategory. Along 
with physical therapy, these procedures may also serve as potential therapeutic 
modalities in the treatment of NTOS.

2  Indications and Contraindications

Neurogenic TOS is thought to be due to compression of brachial plexus structures 
within the interscalene triangle, the costoclavicular space, or the retropectoralis minor 
(subpectoralis) space [2]. This can be due to trauma, repetitive use, or congenital ana-
tomic abnormalities [4]. Any circumstance that results in inadequate volume or 
reduced compliance of the thoracic outlet can cause neurogenic TOS, but the presence 
of these factors does not always prove symptomatic. Why this is the case is unclear, 
but it has contributed to the controversy surrounding the diagnosis. One explanation is 
the possibility of a double crush scenario, where nerve compression may remain sub-
clinical unless it occurs at two or more sites [5]. In any case, a diagnosis of NTOS 
should be one of exclusion as provocative testing has proven to have a high false-
positive rate [6]. If TOS is suspected, every effort should be made to confirm the 
diagnosis and treat conservatively, and pectoralis/scalene injections are a tool to that 
end (Tables 1, 2, and 3). The lateral pectoral nerve can be typically found in the fascial 
plane between pectoralis minor and pectoralis major muscles. A blockade of this 
nerve can be used for the relief of otherwise unexplained anterior shoulder pain.

Common indications for this procedure include neurogenic thoracic outlet syn-
drome. The procedure can be diagnostic or therapeutic. Common contraindications 
include infection at the injection site or systemic infection, known side effects or 
allergy to injectate, and patient refusal. Anticoagulation, including iatrogenic, or 
platelet dysfunction, including iatrogenic, are typically not considered to be 
contraindications.

R. Salajegheh et al.
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Table 1 Symptomatology of neurogenic thoracic outlet syndrome (NTOS)

• Numbness or paresthesias in upper extremity
• Pain in neck, shoulder, or upper extremity
• Often unilateral, but can present bilaterally
• Occipital headaches
• Cold intolerance (sympathetically mediated rather than vascular source)
• Diminished dexterity

Table 2 Clinical tests for neurogenic thoracic outlet syndrome

• Elevated arm stress
• Supraclavicular pressure
• Cyriax release
• Upper limb tension
• Cervical rotation lateral flexion

Table 3 Other diagnoses to consider that may have similar symptomatology

Rule out other causes:
• Cervical radiculopathy
• Rotator cuff injury
• Peripheral nerve injury/impingement
• Psychological conditions
• CNS conditions such as CVA or MS

3  Clinical Anatomy

As mentioned, the “thoracic outlet” is comprised of three relevant spaces: the inter-
scalene triangle, the costoclavicular space, and the retropectoralis minor (subpecto-
ralis) space. The interscalene triangle is comprised of the anterior scalene muscle 
(anteriorly), the middle scalene muscle (posteriorly), and the medial surface of the 
first rib (inferiorly) (Fig. 1).

The retropectoralis minor space is comprised of the coracoid process superi-
orly, the pectoralis minor anteriorly, and ribs two through four posteriorly [2]. It 
is the interaction of the subclavian artery, vein, and brachial plexus with the 
described anatomy above that determines the subtype of TOS, as well as helps to 
guide the diagnostic and therapeutic course. Specifically, with NTOS, brachial 
plexus compression can occur between the anterior and middle scalene muscles, 
or as it passes below the pectoralis minor. This can be observed with the brachial 
plexus structures observed between the scalene musculature on ultrasound but is 
less obvious with the pectoralis minor (Fig. 2). The lateral pectoral nerve can be 
typically found in the fascial plane between pectoralis minor and pectoralis 
major muscles.

Bedside Pectoralis Minor and Scalene Muscles Injections
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Fig. 2 Pectoralis minor muscle, anatomy schematic, as labeled
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4  Equipment and Supplies

Anterior and middle scalene intramuscular injections can readily be performed at 
the bedside. Alcohol (or betadine in those allergic) based skin prep will be neces-
sary for appropriate skin sterilization. A linear high-frequency ultrasound probe 
with sterile probe cover is utilized for identifying target muscles, critical structures, 
and needle guidance. A small syringe with local anesthetic (lidocaine), attached to 
a small gauge needle will be needed to attain cutaneous anesthesia. A 22–25  G 
needle, typically 1.5 for scalene injections, and up to 3.5 in. for pectoralis minor 
muscle injections, will be needed for in-plane advancement to the target tissue. A 
larger syringe with an anesthetic or an anesthetic and steroid combination will be 
needed for deposition of injectate at the target site(s). Similarly, ultrasound-guided 
pectoralis minor intramuscular injections are also straightforward and may utilize 
the same set of the equipment described above. Adjustments in needle size and 
ultrasound probe of choice may be required depending on patient body habitus 
(Table 4).

5  Anterior and Middle Scalene Injections

While these injections can be potentially performed utilizing landmarks we do not 
recommend that. The anterior and middle scalene intramuscular injections can be 
completed utilizing a similar view and approach as an interscalene nerve block. 
Patient placed semi-recumbent with head turned towards the contralateral shoulder. 
Perform a sterile wide prep over the neck and supraclavicular area (Fig. 3).

Utilizing a linear, high-frequency probe, identify the subclavian artery and asso-
ciated brachial plexus. Track the brachial plexus cephalad until nerve roots C5–7 are 
identified between the anterior and middle scalene muscles (Fig. 4).

Maintain awareness of major vascular structures such as the carotid artery and 
internal jugular. Provide local anesthetic with approximately 1 ml of 1% lidocaine 
with a small gauge needle. Utilizing preferably an echogenic b-bevel needle, 
advance with an in-plane approach into the anterior and/or middle scalene muscle 
body. This is an intramuscular injection only, use caution to avoid deposition of 
local anesthetic outside of the muscle around the brachial plexus as this can create 

Table 4 Equipment/medications needed for the procedure

Syringe 3 ml and 5–10 ml syringe
Needle 25–27 gauge or smaller for skin wheal

22–25 gauge 1.5 in. needle (may need 3.5 in. needle for pectoralis minor 
injection)

Local 
anesthetic

0.25–0.5% bupivacaine or 0.2–0.5% Ropivacaine
1–2% lidocaine (for skin wheal)

Corticosteroid Triamcinolone 40–80 mg (t1/2 life: 18–36 h)
Methylprednisolone 40–80 mg (t1/2 life: 18–36 h)
Betamethasone 6–12 mg (t1/2 life: 36–54 h)
Dexamethasone 4–10 mg (t1/2 life: 36–54 h)

Bedside Pectoralis Minor and Scalene Muscles Injections
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a b

Fig. 3 Anterior scalene muscle injection. The patient positioning and ultrasound transducer orien-
tation (a) and needle direction (b) are presented

Fig. 4 Ultrasonogram identifying target structures as labeled. Blue arrows point towards the nee-
dle advanced towards the anterior scalene muscle. The yellow line indicates the local anesthetic 
volume injected into the muscle
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a false positive diagnostic and therapeutic response. For small or thin muscles, this 
may require repositioning needle into multiple locations within the muscle belly to 
prevent extravasation that can occur with a single large depot (or if patient has mul-
tiple trigger points, may target these specifically). Utilize Doppler as needed to 
avoid these vascular structures.

6  Pectoralis Minor Injection

Similar to the previous procedure, the pectoralis minor muscle or tendon sheath 
injection can be performed using landmarks. We do not recommend this approach. 
Below were present ultrasound-guided pectoralis minor injection. Pectoralis minor 
intramuscular injections can be performed with the patient in supine or semi- 
recumbent position with the ipsilateral arm at the patient’s side or abducted to the 
side (Fig. 5).

With the probe oriented in a cephalad to caudad direction, or lateral to medial 
direction, identification of the pectoralis minor can be achieved deep to the pectora-
lis major and superficial to the serratus anterior (Fig. 6). The typical volume of local 
anesthetic injected is 2–4 ml.

Fig. 5 Pectoralis minor muscle injection. The patient positioning and ultrasound transducer orien-
tation. Red arrows point towards the needle

Bedside Pectoralis Minor and Scalene Muscles Injections
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Fig. 6 Cross-sectional anatomy schematic on the ultrasonogram, as labeled

Following sterile prep and skin wheal anesthetic, in-plane advancement of an echo-
genic or nonechogenic needle under ultrasound guidance with a high-frequency linear 
probe is conducted until placement is within the muscle body. Injection of anesthetic or 
anesthetic/steroid mixture can now be completed. The typical volume of local anes-
thetic injected is 2–4 ml. during this procedure use caution to avoid placement of local 
anesthetic within the fascial plane between the pectoralis major and minor as this can 
result in a false positive procedure unless the lateral pectoral nerve is targeted (Fig. 7).

For small or thin muscles, this may require repositioning the needle into multiple 
locations within the muscle belly to prevent extravasation that can occur with a 
single large depot (or if patient has multiple trigger points, may target these specifi-
cally). Moreover, given the close proximity to the pleura, needle visualization dur-
ing advancement is vital to avoid causing a pneumothorax.

7  Potential Complications and Adverse Effects

Pectoralis minor and scalene injections are ultrasound guided intramuscular injec-
tions, and as such similar to trigger point injections, they are considered generally 
safe and well tolerated. However, as with any interventional procedure, there is 

R. Salajegheh et al.
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Fig. 7 Ultrasonogram identifying target structures. Blue arrow points towards the coracoid pro-
cess, the site of attachment of pectoralis minor muscle. Dashed line represents needle trajectory. 
The needle shaft is not seen as the injection performed using out of plane technique. However, the 
position of the injectate around the lateral pectoral nerve is visible (red arrow). Injection of local 
anesthetic around this nerve can lead to false-positive results of the diagnostic injection but can be 
used as a technique to alleviate otherwise unexplained anterior shoulder pain

the risk of bleeding or hematoma formation (particularly in anti-coagulated 
patients), infection or abscess formation, nerve injury (plexus injury given the 
anatomic proximity) or injury of other nearby structures, allergic reactions or 
intolerance to the substances injected. The anatomy and needle trajectory of the 
pectoralis minor injection lends itself to the possibility of lung injury or pneumo-
thorax. There is also the risk of temporary phrenic nerve blockade with scalene 
injections. Discomfort at the injection site or worsening of usual pain symptoms 
may occur. It is of particular importance to be cautious in patients with atypical 
anatomy—such as that with prior pectoralis injury, or atypical course of brachial 
plexus (Table 5).

Bedside Pectoralis Minor and Scalene Muscles Injections
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Table 5 Additional potential complications and adverse effects

•  Though unlikely with volume of local anesthetic utilized and with ultrasound guidance, but 
due to proximity of vascular structures, clinician should be vigilant about signs and 
treatment of local anesthetic systemic toxicity (LAST).

•  Risks should be weighed against benefits in the pregnant patient, particularly with 
utilization of steroid, though not administered systemically or chronically, there may be a 
weak association with oral cleft, gestational diabetes, or other complications [7, 8].

•  There is the potential for sympathetic blockade and resultant Horner’s syndrome given the 
proximity of the stellate ganglion and other sympathetic structures.

•  Caution should be taken in the diabetic patient if utilizing steroid and baseline glucose 
levels should be determined.

•  Though unlikely, anaphylaxis can occur with exposure to local anesthetics or due to 
preservatives within steroid injectate.

•  Caution should be taken in the COPD patient given the risk for pneumothorax and phrenic 
nerve blockade.

Clinical and Technical Pearls
• Meticulous care should be taken to prevent spread of local anesthetic onto 

the brachial plexus, as this would diminish the diagnostic value of the 
intramuscular injection

• Though controversial, to reduce the potential for procedural placebo effect, 
injection should not be considered to have diagnostic value without a mini-
mum 60% (but ideally 80%) reduction in pain and symptomatology [9].

• Extra caution should be taken in patients with chronic obstructive pulmo-
nary disease, given their increased risk of pneumothorax, but also due to 
the potential for phrenic nerve block with scalene injection.

• Though unlikely with US guidance and with the volume of local anesthetic 
use, proximity to arterial structures should warrant extra vigilance for the 
possibility of local anesthetic systemic toxicity.

• When combined with physical therapy, these injections can form the basis 
of maintenance or potentially curative treatment. But if they fail to provide 
prolonged relief, they can provide diagnostic value for potential surgical 
treatment.
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Elbow Joint, Intra-articular Injections

Bryant W. Tran, Michael R. Buxhoeveden, 
and Timothy T. Wills

1  Intra-articular Elbow Injection

 Overview

The intra-articular elbow injection is performed to provide pain relief and reduce 
inflammation, with the goal of improving functional status for the patient. This pro-
cedure should be considered after non-invasive interventions have been utilized, 
such as multimodal medication therapy with acetaminophen and Non-Steroidal 
Anti-inflammatory Drugs, physical therapy, and heat and ice application. As a bed-
side procedure, elbow intra-articular injections are easy to perform, well-tolerated, 
and have few side effects. Although the use of ultrasound is gaining popularity with 

Essential Concepts
• Intra-articular injections for the elbow are performed to provide pain relief 

for rheumatoid arthritis, degenerative joint disease, or crystal arthropathies.
• The injection is typically performed by landmark technique.
• Elbow intra-articular injections are easy to perform, well-tolerated, and 

have few side effects.
• Transient resolution of pain with elbow injections occurs but long-term 

pain relief for months to years has not been demonstrated.
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periarticular elbow injections, literature does not support the use of ultrasound tech-
nique for injection within the elbow joint [1]. Alternative medications such as hyal-
uronic acid are also not indicated [2].

2  Indications and Contraindications

A summary of the procedure, indications, techniques, and contraindications is pre-
sented in Table 1.

3  Clinical Anatomy

The needle approach into the elbow joint capsule can be determined by identifying 
the lateral epicondyle, olecranon process, and the radial head. These osseous struc-
tures can be palpated superficially. Labeled anatomy is shown in Figs. 1 and 2.

4  Equipment and Supplies

In addition to alcohol or chlorhexidine sterile preparation, sterile gloves, and sterile 
towels, a summary of necessary equipment is presented in Table  2. Ultrasound 
machine is optional.

5  Intra-articular Elbow Injection, Landmark Technique

The procedure is performed with the patient in the sitting position. Position the arm 
on a table with the lateral portion of the arm exposed and the elbow flexed at 45°. 
The olecranon process, lateral epicondyle, and the radial head form a triangle that 
provides a target for needle insertion (Fig. 3) [3]. Outlining this triangle with a sur-
gical marker is optional. Insert the needle in the middle of the “triangle” and direct 
toward the medial epicondyle. Advance the needle until clear fluid is aspirated. 
Aspiration of clear fluid indicates adequate needle position in the joint capsule. The 
medication can then be injected. If bone is contacted, withdraw and redirect.

Table 1 Intra-articular elbow injections for management of elbow pain

Procedure Indications Technique Contraindications
Intra-articular 
elbow injection

Rheumatoid arthritis, 
degenerative joint disease, 
crystal arthropathy

Landmark Patient refusal, active joint 
infection, cellulitis, systemic 
infection

B. W. Tran et al.
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Fig. 1 Labeled anatomy of the elbow joint with respect to osseous structures. LE lateral epicon-
dyle, R radial head, O olecranon

6  Ultrasound Technique

Ultrasound technique is not preferred for this procedure due to poor acoustic win-
dows of the injection target. Although ultrasound has been used for elbow joint 
aspiration in the setting of pathologic fluid collection, the literature does not yet 
support this technique for the elbow joint [4].

7  Potential Complications and Adverse Effects

Elbow intra-articular injections are easy to perform and well-tolerated. Reported 
side effects for intra-articular elbow injections have not been reported but a number 
of side effects from periarticular injections have been reported [5]. Possible side 
effects are listed below.

Elbow Joint, Intra-articular Injections
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Fig. 2 Labeled surface anatomy of the elbow joint. LE lateral epicondyle, R radial head, O 
olecranon

Table 2 Necessary equipment for intra-articular elbow injection

Syringe Needle Anesthetic Corticosteroid
5 cc, sterile, 
Luer lock tip

25 gauge, 
1–1.5 in.

3–5 mL 1% lidocaine, 
0.25% bupivacaine,
0.25% ropivacaine,
or equivalent strength

1–2 mL betamethasone (6 mg/mL) or 
1–2 mL methylprednisolone (40 mg/
mL)

B. W. Tran et al.
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Fig. 3 Labeled surface anatomy of the elbow joint. The middle of the triangle that connects the 
relevant structures represent the ideal entry point for needle insertion. LE lateral epicondyle, R 
radial head, O olecranon

Procedure-related [6]
Anxiety
Discomfort
Minor skin infection
Bruising
Glucocorticoid-associated toxicity [6].
Post-injection flare
Facial flushing
Local skin or fat changes
Osteonecrosis
Cartilage damage
Systemic effects
Bleeding
Allergic reaction

Elbow Joint, Intra-articular Injections
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Clinical and Technical Pearls
• Aspiration of clear fluid is the standard for confirmation of adequate needle 

position. Therefore, landmark technique is likely to be faster and more 
accurate than ultrasound technique for the elbow intra-articular injection.

• Prior local infiltration of the skin with 1% lidocaine may decrease discom-
fort during the joint injection.

• Patient expectations are important. As an isolated intervention, transient 
relief over weeks to months may occur, but long-term relief is not expected.
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Periarticular Elbow Interventions

Bryant W. Tran, Michael R. Buxhoeveden, 
and Timothy T. Wills

1  Periarticular Elbow Interventions

 Overview

Lateral epicondylitis, often referred to as “tennis elbow,” is the most common ail-
ment that warrants evaluation for periarticular elbow injection. Along with medial 
epicondylitis, these conditions typically develop after repetitive motions produce 

Essential Concepts
• Periarticular elbow injections are performed to relieve pain associated with 

lateral epicondylitis, medial epicondylitis, and olecranon bursitis.
• Side effects have been reported and studied but the incidence is low.
• Evidence shows short term efficacy with corticosteroids and other medica-

tions, such as hyaluronic acid, prolotherapy, sclerosing therapy, and ortho-
biologics [1].

• Resolution of pain with elbow injections may occur for approximately 
2–4 weeks but long-term pain relief after months to years has not been 
demonstrated [2].

• Landmark technique and ultrasound technique have a similar accuracy 
rate [3].
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chronic degenerative changes along the tendons surrounding the epicondyles. 
Olecranon bursitis can occur after repetitive trauma or as a result of swelling associ-
ated with rheumatoid arthritis [4]. Non-invasive treatment should be considered 
first, which includes multimodal medication therapy, physical therapy, or bracing.

 Indications and Contraindications

A summary of the procedure, indications, techniques, and contraindications is pre-
sented in Table 1.

 Clinical Anatomy

The relevant anatomy includes the lateral epicondyle, medial epicondyle, olecranon 
process, and radial head. These osseous structures can be palpated superficially and 
visualized by ultrasound. Pertinent anatomy is shown in Figs. 1, 2, and 3.

 Equipment and Supplies

In addition to alcohol or chlorhexidine sterile preparation, sterile gloves, and sterile 
towels, a summary of necessary equipment is presented in Table  2. Ultrasound 
machine is optional [4]. The authors use a linear probe with a frequency bandwidth 
of 13–6 MHz and scan depth of 6 cm. The width of the transducer should allow for 
easy needle entry using an in-plane technique.

2  Periarticular Elbow Interventions, Landmark Technique

 Lateral Epicondyle Injection

The patient can be seated in a chair with their elbow flexed on a flat surface (Fig. 4). 
The lateral epicondyle will be palpable. The needle will be directed towards the 
lateral epicondyle, and if the needle tip contacts os, the needle can be withdrawn 
1–2 mm to allow space for local anesthetic injection. The injection target should 
match with the focal area that the patient reports as most bothersome.

Table 1 Periarticular elbow injections for management of elbow pain

Procedure Indications Technique Contraindications
Lateral epicondyle 
injection

Lateral 
epicondylitis

Landmark or 
ultrasound

Patient refusal, active joint infection, 
cellulitis, systemic infection

Medial epicondyle 
injection

Medial 
epicondylitis

Landmark or 
ultrasound

Patient refusal, active joint infection, 
cellulitis, systemic infection

Olecranon bursa 
injection

Olecranon 
bursitis

Landmark or 
ultrasound

Patient refusal, active joint injection, 
cellulitis, systemic infection

B. W. Tran et al.
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a b

Fig. 1 (a) Lateral epicondyle labeled on a skeleton model. LE lateral epicondyle. (b) Lateral epi-
condyle labeled with surface anatomy. LE lateral epicondyle

a b

Fig. 2 (a) Medial epicondyle labeled on a skeleton model. ME medial epicondyle, U ulna, R 
radius, H humerus (distal). (b) Medial epicondyle labeled with surface anatomy. ME medial epi-
condyle, U ulna, R radius, H humerus (distal)

a b

Fig. 3 (a) Olecranon labeled on a skeleton model. O olecranon, H humerus (distal), R radius, U 
ulna. (b) Olecranon labeled with surface anatomy. O olecranon, H humerus (distal), R radius, U ulna
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Table 2 Necessary equipment for periarticular elbow injection

Syringe Needle Anesthetic Corticosteroid
5 cc, sterile, 
Luer lock tip

25 
gauge, 
1 in.

2–3 mL 1% lidocaine, 0.25% 
bupivacaine, 0.25% ropivacaine, 
or equivalent strength

1 mL betamethasone (6 mg/mL) or 
1 mL methylprednisolone (40 mg/
mL)

Fig. 4 Lateral epicondyle injection via landmark approach. Stellate mark—injection site over 
lateral epicondyle

 Medial Epicondyle Injection

The patient can be seated in a chair. Their arm will need to be abducted with their elbow 
flexed (Fig. 5). The medial epicondyle will be palpable. The needle entry will be directed 
towards the medial epicondyle as shown, and if the needle tip contacts os, the needle can 
be withdrawn 1–2 mm to allow space for local anesthetic injection. The injection target 
should match with the focal area that the patient reports as most bothersome.

 Olecranon Bursa Injection

The patient will be in prone position on the examination table with the arm abducted 
and the elbow flexed (Fig. 6). The olecranon will be palpable and if the bursa is 
inflamed, there may be protrusion from the skin. The needle will be directed 

B. W. Tran et al.
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Fig. 5 Medial epicondyle injection via landmark approach. Stellate mark—injection site over 
medial epicondyle

towards the focal point where the patient reports as most tender. If the needle tip 
contacts os, the needle can be withdrawn 1–2 mm to allow space for local anes-
thetic injection.

3  Ultrasound Technique

Generally, there are no major vascular or neural structures to avoid for these bedside 
interventions. The needle trajectory should allow for needle visualization via ultra-
sound and with an in-plane approach [5].

 Lateral Epicondyle Injection

Similar to landmark technique, the patient will be seated with their arm on a flat 
surface and elbow flexed (Fig.  7a). The ultrasound probe will be oriented in a 

Periarticular Elbow Interventions
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Fig. 6 Olecranon bursa injection via landmark approach. Stellate mark—injection site over olec-
ranon bursa

longitudinal plane. Relevant ultrasound anatomy includes the lateral epicondyle and 
radial head (Fig. 7b). The needle will be directed toward the lateral epicondyle, and 
if the needle tip contacts os, the needle can be withdrawn 1–2 mm to allow space for 
local anesthetic injection.

 Medial Epicondyle Injection
The patient will lie either supine or in semi-sitting position on an examination table. 
Their arm will need to be abducted with their elbow flexed on a flat surface (Fig. 8a). 
The ultrasound probe will be oriented in a longitudinal plane. Relevant ultrasound 
anatomy only shows the medial epicondyle, which will be shaped like a trapezoid 
(Fig. 8b). The needle will be directed toward the superficial border of the medial 
epicondyle, and if the needle tip contacts os, the needle can be withdrawn 1–2 mm 
to allow space for local anesthetic injection.

B. W. Tran et al.
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a b

Fig. 7 (a) Needle approach for lateral epicondyle injection with ultrasound guidance. (b) 
Corresponding ultrasound image for lateral epicondyle injection. The red arrow represents the 
proposed needle approach via in-plane technique. Red dot = Proximal; LE lateral epicondyle, R 
radial head

a b

Fig. 8 (a) Needle approach for medial epicondyle injection with ultrasound guidance. (b) 
Corresponding ultrasound image for medial epicondyle injection. The red arrow represents the 
proposed needle approach via in-plane technique. Red dot = Proximal; ME medial epicondyle

 Olecranon Bursa Injection

The patient will be in the prone position on the examination table with the arm 
abducted and the elbow flexed on the edge of a flat surface (Fig. 9a). The olecranon 
will be palpable and if the bursa is inflamed, the bursa may protrude from under the 
skin. The ultrasound probe will be oriented in a longitudinal plane. Relevant ultra-
sound anatomy only shows the olecranon and the triceps muscle (Fig.  9b). The 
needle will be directed towards an area adjacent to the olecranon and deep to the 
triceps muscle. An inflamed bursa may be visible in the ultrasound image as a dark 
hypoechoic pocket of fluid. If the needle tip contacts os, the needle can be with-
drawn 1–2 mm to allow space for local anesthetic injection.

Periarticular Elbow Interventions
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a b

Fig. 9 (a) Needle approach olecranon bursa injection with ultrasound guidance. (b) Corresponding 
ultrasound image for olecranon bursa injection. The red arrow represents the proposed needle 
approach via in-plane technique. Red dot = Proximal; O olecranon, T triceps muscle

Clinical and Technical Pearls
• In addition to landmark palpation or ultrasound visualization, the optimal 

injection target may be determined by asking the patient to point to the area 
that is most tender or bothersome.

• Prior local infiltration of the skin with 1% lidocaine may decrease discom-
fort during the joint injection

4  Potential Complications and Adverse Effects

Elbow periarticular injections are easy to perform and well-tolerated. Side effects 
from periarticular injections have been reported and studied [6]. Possible side 
effects are listed below.

 Procedure-Related [7]

• Anxiety
• Discomfort
• Minor skin infection
• Bruising

 Glucocorticoid-Associated Toxicity [7]

• Post-injection flare
• Facial flushing
• Local skin or fat changes
• Osteonecrosis

B. W. Tran et al.
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• Cartilage damage
• Systemic effects
• Bleeding
• Allergic reaction
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• Patient expectations are important. As an isolated intervention, transient 
relief over weeks to months may occur, but long-term relief is not expected.

• Ultrasound transducers that are too large or wide may impede needle entry 
and make the procedure more difficult. The authors recommend a small 
flat probe with a bandwidth of 13–6 MHz and maximum scanning depth 
of 6 cm.
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Ulnar, Median, Radial, and Antebrachial 
Cutaneous Nerve Blocks

Tina M. Dailey and Mayur Vallabhaneni

1  Introduction

Nerve blocks of the arm and wrist can be crucial techniques for both the treatment 
of acute/chronic pain as well as in preparation for surgical procedures and hand 
injuries, including but not limited to fracture reduction or laceration repair. This 
makes upper extremity nerve blocks quite effective and they have the ability to tar-
get specific nerves and dermatomes as needed. While single nerve blocks may suf-
fice in pain control, injuries often traverse multiple dermatomes and may require 
multiple nerve blocks. The nerves of interest in this chapter are the ulnar, median, 

Essential Concepts
• Nerve blocks of the arm, forearm, and wrist can be crucial techniques for 

both the treatment of acute or chronic pain of various etiologies.
• These procedures can be used perioperatively for surgical procedures 

involving the forearm, wrist, and hand.
• They can be used for analgesia for injuries, or manipulations, including but 

not limited to fracture reduction or laceration repair.
• These blocks can be easily performed at the bedside.
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Fig. 1 Peripheral nerves of the upper extremity. Peripheral nerves of the upper extremity. A sum-
mary view of the brachial plexus organization and the paths of the ulnar, radial, and median nerves. 
The site of each plane transition, identified as where the nerves pierce through or traverse above or 
below a given anatomic structure, along the respective nerve’s course is represented. Reprinted 
with permission from Stromberg JA, Isaacs J. (2015) Nerve anatomy and diagnostic evaluation. In: 
Abzug J, Kozin S, Zlotolow D. (eds) The pediatric upper extremity. Springer, New York, NY. https://
doi.org/10.1007/978- 1- 4614- 8515- 5_23

radial, and antebrachial cutaneous nerves. Each nerve originates from the brachial 
plexus and courses through the arm, elbow, forearm, and hand across various ana-
tomical landmarks [1, 2] (Fig. 1).
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Radial nerve Ulnar nerve

Median nerve

Fig. 2 Dermatomal 
distribution of the nerves 
over the palmar surface of 
the hand, as labeled

The arm and hand are supplied by multiple nerves with well-defined dermatomal 
distributions (Figs. 2 and 3) [1, 2].

The elbow and wrist are particularly well-suited to nerve blocks as the nerves 
often travel superficially in these locations with easily identifiable landmarks that 
can be palpated and used to guide treatment. Ultrasound can also be used for the 
identification of the nerves and can guide the proper placement of the needle and 
anesthetic, even in areas without obvious landmarks.

Ulnar, Median, Radial, and Antebrachial Cutaneous Nerve Blocks
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Radial nerve Ulnar nerve

Median nerve

Fig. 3 Dermatomal 
distribution of the nerves 
over the dorsal surface of 
the hand, as labeled
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2  Common Indications and Contraindications

Each nerve block is indicated based on the location of injuries and the correspond-
ing dermatomal distribution of each specific nerve. A nerve block can be used for 
multiple reasons, including procedures such as laceration repairs or finger reduc-
tions, or acute pain relief for injuries including fractures, lacerations, or burns. 
Contraindications include skin or soft tissue infection over injection site, allergy or 
intolerance to the injectate, or its components, patient refusal, injuries presenting 
with vascular compromise or potential for compartment syndrome, patients with 
pre-existing or post-traumatic neurapraxia. Coagulopathy, including iatrogenic 
coagulopathy, and platelet dysfunction, are generally not considered 
contraindications.

3  Equipment and Supplies

• Ultrasound with linear transducer at frequency between 8–14  MHz, sterile 
sleeve, gel

• 3–5 ml of local anesthetic: Bupivacaine 0.5% for long-acting blocks, lidocaine 
2% for short-acting blocks

• 25 G needle for skin anesthesia
• 5–10 ml syringe
• 21–25 gauge needle
• Chlorhexidine or iodopovidone for skin sterilization

4  General Approach

For each nerve, it can be helpful to palpate specific landmarks and then use these 
landmarks as a guide for ultrasound evaluation. After first identifying the nerve, it is 
prudent to follow its course until an optimal location is determined. This would ide-
ally be in a place where the nerve is relatively superficial and has adequately sepa-
rated from other neurovascular structures. Important general practices include the 
following: initial sterilization, sterile technique with sterile gel and ultrasound 
cover, slow injection of anesthetic, Intravenous (IV) access in case of negative reac-
tion; continuous monitoring, and aspiration prior to injection to evaluate for intra-
vascular placement are recommended. If there is significant pain or resistance with 
injection, this may indicate intraneural injection, which would require repositioning 
of the needle.

Ulnar, Median, Radial, and Antebrachial Cutaneous Nerve Blocks
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 Ulnar Nerve Block

 Indications
• Pain or procedures involving the fifth finger, fifth metacarpal
• Injuries involving the ulnar region of the hand
• Combined with median nerve block for procedures involving the fourth finger

 Clinical Anatomy
The ulnar nerve originates as a terminal branch of the medial cord, with innervation 
from nerve roots C8, T1, and occasionally C7. It starts anteriorly along the axilla 
and teres major and travels down the upper arm medially with the brachial artery. It 
subsequently pierces through the intermuscular septum and travels between the sep-
tum and the medial head of the triceps. As the ulnar nerve approaches the elbow, it 
starts to travel posteriorly until it courses behind the medial epicondyle of the 
humerus. The nerve is particularly accessible as it travels behind the medial epicon-
dyle [2]. After passing posteriorly to the medial epicondyle, the ulnar nerve enters 
the forearm by passing between the flexor carpi ulnaris and flexor digitorum profun-
dus (Fig. 4).

As it approaches the wrist, the ulnar nerve starts to travel superficially and enters 
the hand between the pisiform and the hook of the hamate [1, 2].

On its route through the arm, the ulnar nerve has articular branches at the elbow 
and muscular branches that innervate the flexor carpi ulnaris and the medial half of 
the flexor digitorum profundus. The sensory component of the ulnar nerve consists 

Biceps
muscle

Ulnar
nerve

Intermuscular
septum

cubital tunnel
Flexor Carpi Ulnaris

retinaculum

Medial epicondyle
retinaculum

Arcade
of Struthers

Triceps
muscle

Fig. 4 Ulnar nerve anatomy
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a b c

Fig. 5 Probe position, Ultrasonography, probe position, and MRI showing ulnar nerve at the distal 
forearm. (a) Probe position for localization of the ulnar nerve at the elbow. (b) The nerve (arrow-
head) is localized in its short axis within the cubital tunnel between the medial epicondyle (ME) 
and olecranon process (olec). (c) MR image showing the normal ulnar nerve (yellow arrow) in the 
cubital tunnel: medial epicondyle (M) and olecranon process (O) forming the medial and lateral 
walls, Osborne’s ligament (red arrow) forming the roof and the floor being formed by the joint 
capsule of elbow and the medial collateral ligament (red arrowhead). Reprinted with permission 
from Agarwal A, Chandra A, Jaipal U, et al. Imaging in the diagnosis of ulnar nerve pathologies—
a neoteric approach. Insights Imaging 10, 37 (2019). https://doi.org/10.1186/s13244- 019- 0714- x

of three branches, the palmar cutaneous branch, the dorsal cutaneous branch, and 
the superficial cutaneous branch. These sensory nerves give innervation to the 
medial hand, fifth finger, and the medial half of the fourth finger [1, 2] (Figs. 1 and 2).

 Procedural Technique

 Elbow/Antecubital Fossa
Start with the patient’s arm supinated with the elbow flexed between 45 and 90°. At 
the elbow, the ulnar nerve travels in the cubital tunnel between the olecranon and the 
medial epicondyle (Fig. 5). This is a good location to place the ultrasound probe to 
initially identify the nerve. The nerve is located deep to the two heads of the flexor 
carpi ulnaris. While the ulnar nerve can be blocked in the cubital tunnel, there is a 
theoretical concern of nerve compression in the tight cubital tunnel space [3, 4]. As 
such, after finding the nerve, follow its course proximally to the distal upper arm or 
further to the mid-arm, where the nerve should be superficially located. The nerve 
has a characteristic “honey comb” appearance (Figs. 5 and 6).

Insert the needle from the ulnar aspect of the transducer, and inject 3–5 cc of 
local anesthetic [5].

 Forearm
Start with the patient’s arm abducted and the hand in supination on a flat surface. 
Place the transducer over the medial wrist crease. After identifying the ulna and 
ulnar nerve, the ulnar artery should be lateral to it, just deep to the flexor carpi ulna-
ris muscle. From the wrist to the mid-forearm, the ulnar nerve travels medially to 
the artery. Make sure to follow the nerve proximally until it separates adequately 
from the ulnar artery. An ulnar approach with the needle under ultrasound mini-
mizes the chance of arterial puncture [5, 6] (Fig. 7).

Ulnar, Median, Radial, and Antebrachial Cutaneous Nerve Blocks
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Fig. 6 Ultrasound probe positioning and the corresponding ultrasound image for median (upper), 
ulnar (middle), and radial (lower) nerve blocks at the antecubital fossa. Abbreviations for ultra-
sound images. B brachialis muscle, BA brachial artery, BR brachioradialis muscle, DR deep radial 
nerve, ECRL extensor carpi radialis longus muscle, F1 flexor carpi ulnaris muscle, ulnar head, 
F2 flexor carpi ulnaris muscle, humeral head, FCR flexor carpi radialis muscle, FCU flexor 
carpi ulnaris muscle, FDP flexor digitorum profundus muscle, FDS flexor digitorum superficia-
lis muscle, M median nerve, ME medial epicondyle of the humerus, LE lateral epicondyle of 
the humerus, O olecranon of the humerus, PT pronator teres muscle, R radius, S supinator mus-
cle, SR superficial radial nerve, U ulnar nerve, UA ulnar artery. Reprinted with permission from 
Sachse, K., Allen, B. (2022). Upper extremity blocks: wrist blocks: ulnar, radial, median nerve 
blocks. In: Banik RK (eds) Anesthesiology in-training exam review. Springer, Cham. https://doi.
org/10.1007/978- 3- 030- 87266- 3_25
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Fig. 7 Ultrasound probe positioning and the corresponding ultrasound image for median 
(upper), ulnar (middle), and radial (lower) nerve blocks at the mid-forearm. Abbreviations for 
ultrasound images. B brachialis muscle, BA brachial artery, BR brachioradialis muscle, DR deep 
radial nerve, ECRL extensor carpi radialis longus muscle, F1 flexor carpi ulnaris muscle, ulnar 
head, F2 flexor carpi ulnaris muscle, humeral head, FCR flexor carpi radialis muscle, FCU flexor 
carpi ulnaris muscle, FDP flexor digitorum profundus muscle, FDS flexor digitorum super-
ficialis muscle, M median nerve, ME medial epicondyle of the humerus, LE lateral epicondyle 
of the humerus, O olecranon of the humerus, PT pronator teres muscle, R radius, S supinator 
muscle, SR superficial radial nerve, U ulnar nerve, UA ulnar artery. Reprinted with permission 
from Sachse K, Allen B (2022). Upper extremity blocks: wrist blocks: ulnar, radial, median nerve 
blocks. In: Banik RK (eds) Anesthesiology in-training exam review. Springer, Cham. https://doi.
org/10.1007/978- 3- 030- 87266- 3_25
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With this approach, the needle is advanced posterior to the flexor carpi ulnaris 
muscle from the medial side. This approach also gives easy access to the dorsal 
cutaneous branch of the ulnar nerve, which provides innervation to the dorsal ulnar 
hand. After blocking the ulnar nerve, the needle can then be guided anterior to the 
flexor carpi ulnaris, and local anesthetic can be delivered to block the dorsal 
branch [4].

 Median Nerve Block

 Indications
• Pain or procedures involving the first to third fingers, as well as the radial half of 

the palm
• Combined with ulnar nerve block for procedures involving the fourth finger

 Clinical Anatomy
The median nerve originates from a lateral root (C6, C7) and medial root (C8, T1), 
which merge to form the median nerve lateral to the axillary artery. The nerve then 
travels lateral and parallel to the brachial artery until the cubital fossa, where it 
crosses anterior to the artery and lies medial to it within the fossa (Fig. 3).

The nerve leaves the cubital fossa between the heads of the pronator teres and 
travels between the flexor digitorum superficialis and flexor digitorum profundus. 
This route keeps the nerve in the midline of the forearm. As it approaches the wrist, 
the median nerve becomes more superficial prior to entering the carpal tunnel deep 
to the flexor retinaculum. As the nerve is both midline and more superficial, this is 
an ideal target location [1, 2].

On its route through the arm, the median nerve does not give off any significant 
branches, with the exception of articular branches to the elbow. In the forearm, it 
gives off the anterior interosseous nerve (supplies the deep forearm flexors) and the 
palmar cutaneous branch proximal to the flexor retinaculum. The palmar cutaneous 
branch supplies the central palm, while the median nerve branches distal to the car-
pal tunnel. These branches provide sensory innervation to the palmar surface, the 
first three digits, lateral half of the fourth digit, and the dorsal, lateral surface of the 
first four digits (Figs. 1 and 2) [1, 2].

 Procedural Technique

Antecubital Fossa/Elbow
Blocking the median nerve at the elbow provides better paralysis than at the wrist, as 
this also includes the anterior interosseous nerve before it branches. Start with the 
arm extended, externally rotated, elbow flexed at approximately 45°. Within the ante-
cubital fossa, the median nerve travels medially to the brachial artery. Place the high-
frequency linear ultrasound transducer where the brachial pulse can be palpated. 
Ultrasound should show the nerve just medial to the artery. Insert the needle medial 
to the probe, and inject approximately 3–5  ml local anesthetic after placing the 
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needle tip at the base of the nerve [4, 7] (Fig. 6). Spread should be noted circumfer-
entially around the nerve.

Midforearm
Blocking the median nerve at the wrist provides the same analgesia as at the elbow 
but without the associated paralysis of the forearm muscles. Start with the arm and 
hand supinated, with the ultrasound transducer at the volar wrist crease. The ultra-
sound image should show several hyperechoic structures that are a combination of 
tendons and the median nerve, making initial identification difficult. The best way 
to locate the median nerve is to travel proximally with the transducer to the mid- 
forearm, where the tendons become muscle, and the nerve is easier to identify. It is 
recommended to block the nerve in the mid-forearm, where it can be easily distin-
guished from the surrounding anatomy [4, 7]. The median nerve in this location is 
located deep to the flexor digitorum superficialis and superficial to the flexor digito-
rum profundus. An in plane or out of plane technique can be utilized. Inject approxi-
mately 3–5 ml of LA around the nerve (Fig. 7).

 Radial Nerve Block

 Indications
• Pain or procedures involving the lateral hand, dorsal first to third fingers.

 Clinical Anatomy
The radial nerve originates from the posterior cord (C5-T1) of the brachial plexus. 
It enters the arm medial to the humerus, anterior to the long head of the triceps. The 
nerve then travels across the humerus shaft within the radial groove, which is 
approximately halfway down the humerus. At the lateral edge of the humerus, it 
continues to travel inferiorly between the between the brachial and brachioradialis 
muscles.

It then travels anterior to the lateral epicondyle, where it subsequently divides 
into deep and superficial branches. The deep branch contains the motor fibers of 
the radial nerve, while the superficial branch exclusively carries the sensory 
fibers of the hand. The superficial branch travels laterally to the radial artery, 
deep to the brachioradialis along the forearm. It pierces the deep fascia of the 
forearm, and continues anteriorly to the anatomic snuff box. The branch becomes 
more superficial prior to entering the wrist and is more accessible for blocks [1, 
2] (Fig. 8).

On its route through the arm, the radial nerve first gives motor innervation to the 
medial and long head of the triceps. As it passes through the radial groove, it gives 
off another branch to the lateral head of the triceps, along with the posterior cutane-
ous nerve of the forearm. The posterior cutaneous nerve supplies sensory innerva-
tion from the posterior forearm to the wrist. The radial nerve splits into two terminal 
branches at the lateral epicondyle, the superficial and deep branches of the radial 
nerve. The deep branch (posterior interosseous nerve) supplies motor innervation 
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Fig. 8 Anatomy of the radial nerve at the elbow. Reprinted with permission from Vögelin E, 
Bignion D, Leclère F, Andrea C, PierLuigi B, Guglielmo L (2020) Radial nerve entrapment at the 
elbow. In: Bain G, Eygendaal D, van Riet R (eds) Surgical techniques for trauma and sports related 
injuries of the elbow. Springer, Berlin. https://doi.org/10.1007/978- 3- 662- 58931- 1_104

to the posterior forearm muscles. The superficial branch supplies sensory innerva-
tion to the lateral 2/3rds of the dorsal hand, the dorsum of the thumb, dorsum of 
proximal 1/2 of index finger, radial and proximal half of the long finger (Figs. 1 
and 2) [1, 2].

 Procedural Technique

 Elbow/Antecubital Fossa
Start with the arm abducted at 45°, with the hand resting on the abdomen. Place 
the transducer on the anterolateral distal arm, 3 cm proximal to the elbow crease. 
At this location, the radial nerve travels between the brachioradialis and 
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brachialis muscles. With the nerve dividing distal to the elbow, a nerve block in 
this area guarantees a complete blockade of the entire nerve. This site is also 
preferred, as there are no other neurovascular structures in the immediate vicin-
ity. With the ultrasound probe held transversely, introduce the needle from the 
lateral side of the probe and inject approximately 5 ml of LA at the base of the 
nerve [8] (Fig. 6).

 Forearm
The superficial radial nerve is often difficult to visualize at the wrist thus it is often 
recommended to find the nerve near the mid-forearm. Start by tracing the nerve 
from the lateral epicondyle into the lateral forearm where it divides into superficial 
and deep branches (Fig. 7). From here follow the superficial branch distal to the 
division. At this location it can be seen just lateral to the radial artery. An in plane or 
out of plane technique can be used. The skin can be localized and 3–5 ml of LA 
injected around the nerve (Fig. 7).

 Antebrachial Cutaneous Nerve Block

 Indications
• Injuries of the forearm
• AV fistula creation

Clinical Anatomy
There are two antebrachial cutaneous nerves, one medial and one lateral. The medial 
cutaneous nerve originates from the medial cord of the brachial plexus (C8-T1) and 
descends the medial arm, where it divides into a volar and dorsal nerve halfway 
down the arm. These two nerves provide sensory innervation to the medial forearm. 
The lateral cutaneous nerve is the terminal branch of the musculocutaneous nerve 
(C5-C7), which travels alongside the axillary artery and then laterally between the 
biceps brachii and brachialis muscles (Fig. 9).

Approximately 2 cm proximal to the elbow, it gives off its final motor branch to 
the biceps brachii and subsequently continues as the lateral antebrachial cutaneous 
nerve. At the elbow, the lateral cutaneous nerve branches into volar and dorsal 
branches, which supply sensory innervation to the lateral forearm (Figs.  1 and 
2) [1, 2].

 Procedural Technique

When performing a forearm block, unless it is an obvious medial or lateral injury, it 
is usually necessary to perform both a lateral and medial cutaneous nerve block. Start 
with the patient supine, with the arm externally rotated and abducted to 90°. Place the 
transducer over the midline, medial arm, and identify the biceps brachii muscle, bra-
chial artery, median nerve, basilic vein. The medial cutaneous branch should be 
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Fig. 9 Sonogram of the cutaneous branch of musculoskeletal nerve. At distal one third of the arm, 
the nerve is consistently in the fascia plane between the biceps brachii and brachialis muscles (void 
arrows). The fascia plane between these two muscles can be difficult to be visualized because of 
anisotropy, and tilting the ultrasound until the plane is clearly seen is crucial. Some practitioners 
may mistake the tendon (arrowheads) of the biceps brachii as the fascia plane. Reprinted with 
permission from Jankovic D, Peng P (2015) Peripheral nerve blocks in the elbow region. In: 
Regional nerve blocks in anesthesia and pain therapy. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 05131- 4_34

found lateral to the basilic vein (which is the most superficial structure), where it can 
then be followed distally to its branching point. The nerve should separate from the 
basilic vein during its course and can be safely blocked after separation [9].

For the lateral cutaneous nerve, start with the patient supine, the arm abducted, 
and the elbow extended. The transducer should be placed on the medial arm just 
proximal to the elbow. Identify the biceps brachii aponeurosis and the biceps ten-
don. The nerve is lateral to the tendon and can be followed distally, where it becomes 
more superficial prior to dividing into its volar and dorsal branches. This is an ideal 
area to perform the block [9].

5  Potential Adverse Events and Complications

Complications are rare. They include bleeding, infection, injury to the nerves, and 
local anesthetic toxicity (LAST). The risk of LAST is relatively low given the low 
volume utilized in these blocks [10].
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Clinical Pearls
• Do not hesitate to perform multiple nerve blocks as needed to obtain ade-

quate analgesia. Although the dermatomal distribution of the nerves is gen-
erally well-defined, there is still significant overlap that may necessitate 
multiple blocks.

• Ultrasound should always be used initially to identify the nerve and impor-
tant neurovascular structures around it. Ultrasound should also be used 
during the procedure to guide the needle to increase efficacy and decrease 
complications.
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Carpal and Cubital Tunnel Injections

Ankur A. Patel, Neal Rakesh, and Navdeep S. Jassal

Essential Concepts
• Carpal Tunnel Syndrome (CTS) and Cubital Tunnel Syndrome (CuTS) are 

common peripheral nerve entrapment syndromes commonly due to 
mechanical or systemic etiologies.

• When evaluating for median and ulnar nerve compression, physical exami-
nation and electrodiagnostic imaging can help rule out other pathologies.

• Carpal and cubital tunnel injections are a safe and effective diagnostic and 
therapeutic modality for patients with persistent, mild to moderate pain 
and paresthesia due to median or ulnar nerve pathology, that has poorly 
responded to conservative modalities.

• This intervention can be easily performed at the bedside by landmark or 
ultrasound-guided technique and is typically well tolerated by patients.
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1  Carpal Tunnel Injection

 Overview

Carpal Tunnel Syndrome (CTS) presents as a constellation of signs and symptoms 
brought on by compression of the median nerve as it travels through the carpal tun-
nel. It is the most common entrapment neuropathy with an estimated lifetime risk of 
10% and is the most expensive upper extremity musculoskeletal disorder in the 
United States [1, 2]. CTS classically presents with intermittent pain or paresthesia 
at the wrist and/or in the distribution of the median nerve, including the palmar 
surface of the first three digits and the radial half of the fourth digit. Progression of 
the syndrome can lead to motor involvement and often presents as weakness of the 
hand, particularly the thenar muscles, resulting in the inability to open jars or drop-
ping objects. Often times symptoms are more prevalent at night, resulting in noctur-
nal awakening. It may present bilaterally; however, the dominant hand is often 
affected first.

 Indications and Contraindications

Etiologies of CTS can be divided into mechanical or systemic causes. Mechanical 
causes commonly present due to repetitive wrists movements, including keyboard 
typing, playing the piano, or use of vibratory tools, which cause swelling of the 
flexor tendon membrane, resulting in median nerve compression. Common sys-
temic causes include diabetes, hypothyroidism, congestive heart failure, renal fail-
ure, rheumatoid arthritis, and pregnancy [3]. A complete diagnostic workup 
including ruling out systemic causes is imperative.

CTS is a clinical diagnosis requiring a thorough history and physical examina-
tion, including motor and sensory examination of the cervical spine, shoulder, 
elbow, and wrist. Provocative tests (Table 1 [4, 5] and Figs. 1, 2 and 3) may repro-
duce symptoms in the form of pain and/or paresthesia in the median nerve distribu-
tion and may be helpful in narrowing the diagnosis, although some of these tests 
have poor specificity. It is important to note that a normal physical examination does 

Table 1 Description of provocative tests for carpal tunnel syndrome with corresponding sensitivi-
ties and specificities

Provocative test Description Sensitivity Specificity
Carpal 
compression test 
[3]

Placing both thumbs over the transverse carpal 
ligament and applying direct pressure for 30 s. 
Wrist should be in neutral position

87% 90%

Phalen’s test [4] Maximal wrist flexion with holding the dorsal 
surfaces of the hand together for 60 s

85% 89%

Tinel’s test [4] 
(of the wrist)

Percussing over the transverse carpal ligament 67% 68%
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Fig. 1 Tinel’s sign of the wrist

not rule out CTS and if there is a high clinical suspicion, electrodiagnostic studies 
including electromyography (EMG) and nerve conduction studies (NCS) should be 
done to confirm or rule out the diagnosis.

Patients with mild to moderate symptoms of CTS that are refractory to conserva-
tive management, such as activity modification, splinting and treatment of underline 
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Fig. 2 Carpal compression test

systemic etiology, should be considered for carpal tunnel injection with a combina-
tion of corticosteroid and local anesthetic. Prior to proceeding, the indications and 
contraindications should be reviewed to ensure the patient is an appropriate candi-
date (Table 2).
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Fig. 3 Phalen’s test

Table 2 Indications and contraindications for carpal tunnel injection

Indications Contraindications
•  Management of wrist and hand 

pain due to median nerve 
compression that is refractory to 
conservative treatment options

Relative:
   •  Uncontrolled diabetes
   •  Use of anticoagulants
   • Coagulopathies
   •  Systemic infection

Absolute:
   •  Patient refusal
   •  Local injection at 

the site of injection
   •  Local malignancy
   •  History of allergic 

reaction to injectate

 Clinical Anatomy

The carpal tunnel is an osseofibrous canal located on the volar aspect of the wrist. 
The tunnel is formed by two layers: a carpal arch and flexor retinaculum, also known 
as the transverse carpal ligament. The carpal arch forms a concave surface that is 
composed of the carpal bones. The pisiform and hamate form the medial proximal 
to distal aspect, respectively, of the carpal arch, and the scaphoid and trapezium 
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form the lateral proximal to distal aspect, respectively. The transverse carpal liga-
ment extends from the tubercle of the trapezium and scaphoid to the hamate and 
pisiform forming the so called “roof” of the carpal tunnel. The carpal tunnel houses 
the median nerve and nine tendons, including the flexor digitorum superficialis 
(FDS), flexor digitorum profundus (FDP), and flexor pollicis longus (PFL).

 Equipment and Supplies

Carpal tunnel injection is easily performed at bedside with landmark or ultrasound 
guidance. Using a 25–27 gauge needle, a mixture of local anesthetic and corticoste-
roid is injected into carpal tunnel (Table 3). It is advised that injectate amount should 
be no more than 2–3 cc due to the risk of increased pressure in the tunnel space, 
which could further worsen compression symptoms.

 Carpal Tunnel Injection, Landmark Technique

Place the patient in the seated or supine position with forearm supinated and wrist 
in neutral or slight extension. Palpate the flexor carpi radialis (FCR) tendon and 
palmaris longus (PL) tendon, if present. To identify the tendons, the PL can be 
tested with the wrist flexed in combination with opposition of the first and fifth dig-
its. The site of injection, lateral to the PL tendon at the proximal wrist crease, can be 
marked. Under sterile conditions, the needle should be inserted at the site of injec-
tion at 35–45° angle (Fig. 4). The injector can instruct the patient to slowly flex and 
extend his/her fingers to ensure the needle is not through the tendon. Once the nee-
dle tip is at midpoint of the flexor retinaculum, aspirate prior to slowly injecting to 
ensure needle is not inadvertently placed in a vascular structure.

 Carpal Tunnel Injection, Ultrasound Technique

Alternatively, an ultrasound guidance technique can be utilized for this procedure. 
For this technique, place the patient in a seated or supine position with the forearm 
supinated and wrist in neutral or slight extension. Palpate and identify the scaphoid 
and pisiform bone. Place the high frequency linear ultrasound transducer just 

Table 3 Required supplies for carpal tunnel injection

Syringe 3 cc
Needle 25 or 27 gauge

1.5–2 in.
Ultrasound probe High-frequency linear probe (10 MHz)
Anesthetic 0.25–0.5% bupivacaine

1–2% lidocaine
Corticosteroid Particulate or non-particulate steroid
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Fig. 4 Landmark guided injection of the carpal tunnel

proximal to the pisiform and scaphoid bones (Fig.  5) and scan distally until the 
structures of carpal tunnel are visualized, including the median nerve, FDP, FDS, 
and FPL. Once the structures are identified in a transverse view, either an in-plane 
or out-of-plane technique can be used for the injection (Fig. 6). For the in-plane 
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Fig. 5 Ultrasound probe placement in transverse view for carpal tunnel injection
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a b

Fig. 6 (a) Needle trajectory for in-plane (IP) ultrasound guided carpal tunnel injection. (b) Needle 
trajectory for out-of-plane (OP) ultrasound guided carpal tunnel injection

approach, under sterile conditions, the needle is inserted on the radial aspect and 
advanced until it’s in proximity of the median nerve. A lateral to medial approach is 
recommended due to the close proximity of ulnar artery and vein, medially. Once 
the needle tip is within the tunnel and adjacent to the median nerve, slowly inject 
and visualize the flow. Alternatively, an out-of-plane approach can be performed. 
Under sterile conditions, the needle is inserted midline of the probe adjacent to the 
median nerve. Once the tip of the needle is visualized, the injectate is slowly injected 
and flow is visualized (Fig. 7).

 Potential Complications and Adverse Effects

Although this procedure is generally well tolerated by patients, it is important to be 
aware of potential complications and adverse effects. With the landmark approach, 
there is a higher risk of neurovascular damage due to the lack of direct visualization. 
Key structures that can be injured with this approach include the median nerve, 
ulnar artery, ulnar vein and/or tendons. When possible, ultrasound guidance should 
be utilized to mitigate injury to neurovascular structures. Even with ultrasound 
guidance, it is important injectors accurately define the patient’s anatomy prior to 
proceeding with an injection and adapt the approach appropriately to decrease risk 
of injury.
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a

b

c

Fig. 7 (a) Ultrasound image of the carpal tunnel in transverse view. (b) Labeled ultrasound image 
of in-plane (IP) carpal tunnel injection. (c) Labeled ultrasound image of out-of-plane (OP) carpal 
tunnel injection. CB carpal bones, FCR flexor carpal radialis, FDP flexor digitorum profundus, 
FDS flexor digitorum superficialis, FPL flexor pollicis longus, FR flexor retinaculum, HTM hypo-
thenar muscle, MN median nerve, P pisiform, PCL palmar carpal ligament, RA radial artery, S 
scaphoid, UA ulnar artery, UN ulnar nerve, UV ulnar vein
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2  Cubital Tunnel Injection

 Overview

Cubital Tunnel Syndrome (CuTS) presents due to compression of the ulnar nerve as 
it travels through the cubital tunnel at the elbow. It is the second most common 
peripheral nerve entrapment and initially presents with intermittent pain or pares-
thesia at the palmar and dorsal surface of the medial half of the fourth digit, the 
entirety of the fifth digit, and the associated medial section of the hand [6]. As the 
disease process progresses, patients may experience weakness in the ulnar inner-
vated intrinsic hand muscles, which may lead to froment’s sign, pronounced flexion 
of the distal thumb with resistance, and wartenberg’s sign, resting unopposed abduc-
tion of the fifth digit. In severe cases, atrophy of the intrinsic hand muscles is noted. 
Although the most common site of ulnar nerve entrapment is the cubital tunnel, 
clinicians should rule out other sites of entrapment prior to proceeding with a cubi-
tal tunnel injection.

 Indications and Contraindications

At the elbow region, the ulnar nerve is subjected to compression at five different 
sites: the arcade of Struthers, medial intermuscular septum, medial epicondyle, 
cubital tunnel, and deep flexor pronator aponeurosis [7]. The cubital tunnel is the 
most common site of compression of the ulnar nerve, which results in CuTS. Similar 
to CTS, CuTS is commonly due to mechanical etiologies, such as repetitive and 
prolonged elbow flexion particularly against a hard surface, which increases intra-
neural pressure of the ulnar nerve. During elbow flexion, the ulnar nerve is stretched 
and the cross-sectional area of the cubital tunnel is decreased resulting in increased 
intraneural pressure by up to 20-folds [8]. Patients who are at increased risk for 
CuTS include those with existing ulnar nerve subluxation, obesity, arthritis, 

Clinical and Technical Pearls
• Carpal tunnel injection is a safe and effective diagnostic and therapeutic 

intervention that can be done at bedside.
• A comprehensive physical examination with diagnostic imaging and elec-

trodiagnostic testing is imperative when evaluating patients with median 
nerve dysfunction, as other pathologies can mimic CTS.

• With the landmark approach, there is higher risk for neurovascular injury, 
especially in patients who do not have a PL tendon. When possible, 
ultrasound- guided approach should be utilized.

• Amount of injectate should be limited to 2–3 cc to prevent further com-
pression of the median nerve.
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previous upper extremity fractures or dislocations, and/or space occupying lesions 
such as cysts or tumors.

When evaluating for CuTS, an in-depth history and physical examination is vital 
to rule out other causes of ulnar mononeuropathy including brachial plexopathy or 
C8 radiculopathy. Positive provocative maneuvers, such as Tinel’s sign at the wrist 
and elbow flexion test, may increase clinical suspicion (Table 4 and Figs. 8 and 9); 
however, electrodiagnostic testing is recommended to confirm the diagnosis, as well 
as differentiate from other clinically overlapping pathologies [9]. If there is concern 
for anatomical variations or space occupying lesions, ultrasound and magnetic reso-
nance imaging can be performed to better aid in clinical evaluation.

The initial management of mild to moderate symptoms of CuTS include educa-
tion, pain/inflammation reduction, and rehabilitation. Corticosteroid injections can 

Table 4 Description of provocative tests for cubital tunnel syndrome

Provocative test Description
Elbow flexion test Full elbow flexion, forearm supination and wrist extension for up to 

3 min
Tinel’s test (of the 
elbow)

Percussing over the cubital tunnel

Fig. 8 Tinel’s sign of the 
elbow
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Fig. 9 Elbow flexion test

Table 5 Indication and contraindications for cubital tunnel injection

Indications Contraindications
•  Management of elbow and hand 

pain due to ulnar nerve 
compression at the site of the 
cubital tunnel that is refractory to 
conservative treatment options

Relative:
   •  Uncontrolled diabetes
   •  Use of anticoagulants
   •  Coagulopathies
   •  Systemic infection

Absolute:
   • Patient refusal
   •  Local injection at 

the site of injection
   • Local malignancy
   •  History of allergic 

reaction to injectate

be considered in select patients who have not found symptomatic relief from other 
therapies, including but not limited to, activity modification and splinting. Prior 
proceeding, the indications and contraindications should be reviewed to ensure 
patient is appropriate candidate (Table 5).

 Clinical Anatomy

Derived from the anterior rami of C8 and T1 spinal nerves, the ulnar nerve travels 
in the upper arm along the brachial artery and median nerve to the midpoint of the 
upper arm where it pierces the arcade of Struthers down into the retrocondylar 
groove at the elbow. Once exiting the groove, the ulnar nerve passes under the 
humeroulnar arcade into the cubital tunnel.

The roof of the cubital tunnel is crafted by Osborne’s ligament/fascia, which 
spans from humeroulnar arcade proximally and between the humeral and ulnar 
heads of the flexor carpi ulnaris (FCU) muscle distally. The floor of the cubital 
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tunnel is made of the medial collateral ligament and the elbow joint capsule. The 
tunnel is medially and laterally bound proximally by the medial epicondyle of the 
humerus and olecranon process of the ulna, respectively.

 Equipment and Supplies

A cubital tunnel injection is easily performed at bedside with landmark or ultra-
sound guidance (Table 6). Using a 25–27 gauge needle, a mixture of local anesthetic 
and corticosteroid is injected into cubital tunnel.

 Carpal Tunnel Injection, Landmark Technique

To prepare for a cubital tunnel injection, place the patient in the seated position with 
forearm supinated and rested on a flat surface. Palpate and identify the olecranon 
process and medial epicondyle. Between these two bony landmarks lies the ulnar 
nerve within the cubital tunnel and the target injection site is 1–2 cm distally from 
the bony landmarks. Under sterile conditions, the needle is inserted at 35–45° angle 
and advanced proximally between the olecranon process and medial epicondyle 
(Fig. 10). Once the needle tip is in the desired location, aspirate prior to slowly 
injecting to ensure needle is not inadvertently placed in a vascular structure.

 Carpal Tunnel Injection, Ultrasound Technique

Place the patient in the seated position with the arm in forced internally rotation, 
elbow flexed to 90°, and hand resting on a flat surface. Palpate and identify the olec-
ranon process and medial epicondyle. Although the cubital tunnel can be evaluated 
in the transverse and longitudinal views, the transverse view approach is described in 
this chapter. Place the high-frequency linear ultrasound transducer in the transverse 
plane proximal to the medial epicondyle and scan distally to identify the structures 
of the cubital tunnel including the ulnar nerve, medial epicondyle, olecranon process, 
ulnar and humeral head of the FCU, and Osborne’s ligament/fascia (Fig. 11). Once 
the structures are identified, an in-plane approach is utilized (Fig. 12). Under sterile 
condition, the needle is inserted medially, advanced until the tip is adjacent to the 

Table 6 Required supplies for cubital tunnel injection

Syringe 3 cc
Needle 25 or 27 gauge

1.5–2 in.
Ultrasound probe High-frequency linear probe (10 MHz)
Anesthetic 0.25–0.5% bupivacaine

1–2% lidocaine
Corticosteroid Particulate or non-particulate steroid
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Fig. 10 Landmark guided injection of the cubital tunnel

Carpal and Cubital Tunnel Injections



602

a

b

Fig. 11 (a) Ultrasound image of the cubital tunnel in transverse view. (b) Labeled ultrasound 
image of in-plane (IP) cubital tunnel injection. FCU-H flexor carpi ulnaris, humeral head, FCU-U 
flexor carpi ulnaris, ulnar head, ME medial epicondyle of the humerus, O olecranon process of the 
ulnar, UA ulnar artery, UN ulnar nerve, UV ulnar vein

ulnar nerve, and then slowly injected. The medial to lateral approach is preferred for 
this injection in order to avoid injury to ulnar artery and vein.

 Potential Complications and Adverse Effects

Cubital tunnel injections, guided by either the landmark or ultrasound techniques, 
are generally well tolerated by patients. However, it is important to be aware of 
potential complications and adverse effects. Since there is no real-time imaging 
guidance with the landmark approach, there is a higher risk of neurovascular dam-
age. Key structures that may be injured are the ulnar artery and ulnar nerve. The 
ultrasound technique mitigates the injury to these key structures and allows for a 
more targeted injection.
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Fig. 12 Ultrasound probe placement in transverse view and needle trajectory for in-plane (IP) 
cubital tunnel injection
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Clinical and Technical Pearls
• Cubital tunnel injection is a safe, effective, and well tolerated diagnostic 

and therapeutic intervention that easily can be done at bedside.
• Since many other pathologies may present like CuTS, a comprehensive 

physical examination with diagnostic imaging and/or electrodiagnostic 
testing is imperative prior to proceeding with a cubital tunnel injection.

• Similar to carpal tunnel injection, the amount of injectate should be limited 
to less than 3 cc to prevent further compression of the ulnar nerve.
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Bedside Injections for Wrist Pain

Eric M. Stockwell and Harlan B. Stern

Essential Concepts
• De Quervain’s disease first extensor compartment injections are increas-

ingly a first line and superior treatment compared with conservative medi-
cal management

• Radiocarpal joint injections are an effective therapeutic tool in treating a 
variety of painful etiologies including inflammatory arthritis, osteoarthri-
tis, posttraumatic arthritis, and overuse

• Goals of injections for De Quervain’s Disease and the radiocarpal joint 
include long-term relief and to prevent pain recurrence and additional 
management

• Ganglion cyst aspirations are indicated in the management of pain and for 
decompression of a vessel or nerve

• Pain relief is often rapid, and the duration of therapeutic benefit may last 
days to months.
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1  Bedside Injections for De Quervain’s Disease

 Overview

De Quervain’s Disease (DQD) is a mechanical irritation of the tendons within the 
first dorsal extensor compartment on the radial side of the wrist [1]. The two ten-
dons within this compartment are of the abductor pollicis longus (APL) and the 
extensor pollicis brevis (EPB) (Fig. 1).

It is characterized by pain, swelling, and tenderness with an incidence of 0.5% in 
men and 1.3% in women [2]. Treatment modalities can be grouped into conservative 
medical management (CMM), including medications, splints, & injections; and sur-
gical interventions, including surgical release. Ultrasound-guided corticosteroid 
injection of the first extensor compartment are increasingly being recognized as a 
superior of CMM [3].

 Indications and Contraindications

De Quervain’s Disease may appear with repetitive thumb extension and abduction 
causing ulnar deviation occurring in activities such as hammering and skiing. It 
may also appear under hormonal influence such as in post-partum patients. DQD 

Fig. 1 Abductor pollicis longus and the extensor pollicis brevis tendons within the first extensor 
compartment. Ultrasonogram. APL abductor pollicis longus, EPB extensor pollicis brevis
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arises when degenerative changes occur within the first extensor compartment 
causing tenosynovitis of the APL and EPB. It is a clinical diagnosis based on his-
tory and physical exam findings that include local tenderness and swelling of the 
radial wrist, as well as positive Finkelstein’s test. The Finkelstein test is performed 
by holding the distal tip of the patient’s thumb and adducting and pronating it over 
the palm to elicit their pain. The diagnosis is easily confirmed by ultrasound hav-
ing a sensitivity of 100% and a specificity of 96% [2]. Ultrasound imaging of the 
tendons within the extensor compartment will show thickening of the synovium 
(Fig. 2a).

Common contraindications include infection at the injection site, intolerance or 
allergy to injectate, including steroids, and patient refusal. Anticoagulation, includ-
ing iatrogenic, and platelet dysfunction, including iatrogenic, are not considered to 
be a contraindication for these injections.

a

c

b

Fig. 2 (a) Thickening of the synovium within the first extensor compartment. Ultrasonogram. 
Hypoechoic area represents thickened synovium. (b) “Complete” compartmentalization of the 
abductor pollicis longus and extensor pollicis brevis in distinct compartments ultrasonogram. APL 
abductor pollicis longus, EPB extensor pollicis brevis. (c) Hypoechoic appearance of a septum 
between the adductor pollicis longus and extensor pollicis brevis tendons ultrasonogram. Arrows 
indicate hypoechoic appearance of the septum between the APL and EPB. APL abductor pollicis 
longus, EPB extensor pollicis brevis
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 Clinical Anatomy

The first dorsal extensor compartment is the most laterally located tendon compart-
ment of the wrist. The compartment is lateral to the metacarpal bones and distal 
radial bone. Two tendons course through this compartment: abductor pollicis lon-
gus (APL) and the extensor pollicis brevis (EPB). There are three anatomical varia-
tions practitioners should be aware of due to their suspected influence on failure 
rates associated with corticosteroid injection to this compartment [3]. These varia-
tions relate to compartmentalization of the APL and EPB tendons. With “com-
plete” compartmentalization we find the APL and EPB in distinct compartments. 
“Incomplete” compartmentalization has the APL and EPB in a shared compart-
ment at the distal radius but in separate compartments more distally. Finally, there 
may be no compartmentalization when the tendons share a compartment. As 
described below, it is recommended that practitioners identify these compartments 
on ultrasound to guide technique (Fig. 2b).

 Equipment and Supplies

This procedure can be performed at the bedside and in an office setting. It is recom-
mended that practitioners use ultrasound (US) to confirm correct needle placement 
and adjust technique based on anatomical variation (Table 1).

 Landmark Technique

Landmark-based technique can be used for these injections. However, as men-
tioned above, we do not recommend it because the ultrasonography allows 
confirming needle placement, adjusting the injection technique to anatomical 
variations, potentially decreasing the chance of unintentional vascular or neu-
ral injury, and possibly improving patient satisfaction. The same concerns 
about a blind injection are relevant to the other procedures described in this 
chapter. Therefore, we proceeded with describing only the ultrasound-guided 
technique.

Table 1 Equipment and supplies

Syringe 3 or 5 ml
Needle 25, 27, 30 gauge

1/2 to 1 in.
Anesthetic 0.5 mL 1–2% lidocaine

0.5 mL 0.25–0.5% bupivacaine
0.5 mL lidocaine/bupivacaine combination

Corticosteroid Triamcinolone 20–40 mg (t1/2 life: 18–36 h)
Methylprednisolone 40–80 mg (t1/2 life: 18–36 h)

E. M. Stockwell and H. B. Stern
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 Ultrasound-Guided Technique

In a clean fashion, begin by placing US probe on wrist to obtain a transverse view 
of the first extensor compartment, visualizing the two tendons (Fig. 3).

Scan the probe proximally and distally to identify whether the tendons have 
complete, distal incomplete, or no sub-compartmentalization. If there is no sub- 
compartmentalization, then the medication is injected in their common compart-
ment. If incomplete compartmentalization is seen, then it is recommended to inject 
the medication within the proximally located shared compartment; to allow medica-
tion to diffuse distally within the separate compartments. Finally, if complete com-
partmentalization is seen then inject half of the prepared medication into each 
distinct compartment [4]. Figure 2c demonstrates the hypoechoic appearance of a 
septum between the tendons.

 Potential Complications and Adverse Effects

The complication rate is extremely low and nearly all complications are self- 
limiting; requiring no medical intervention [5]. In addition to common complica-
tions such as bleeding or infection, patients may report mild paresthesia in the 
distribution of the radial nerve. Mild local depigmentation may occur as a result of 
superficially located steroid. Additionally, practitioners should be vigilant of aller-
gic reactions to both steroid or local anesthetic.

Fig. 3 Probe orientation and US image for first extensor compartment injection
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2  Bedside Radiocarpal Joint Injection

 Overview

Radiocarpal (RC) joint injection serves as a useful therapeutic tool in the manage-
ment of painful conditions of the RC joint.

 Indications and Contraindications

In patients that fail conservative management, RC joint injection is indicated for 
painful conditions due to inflammatory arthritis, osteoarthritis, posttraumatic arthri-
tis, and overuse [6, 7]. Analysis of aspired effusion may be part of the diagnostic 
workup for inflammatory arthropathies. Pain at the RC joint can be predisposed 
from prior scaphoid fractures. Aging, genetics, gender, BMI, and daily use can all 
be factors in the development of RC joint pain. Pain usually manifests in the wrist 
with restrictions of wrist flexion and extension, and can also be accompanied by 
mild swelling and weakness [8, 9].

Common contraindications include infection at the injection site, intolerance of 
allergy to injectate, including steroids, and patient refusal. Anticoagulation, includ-
ing iatrogenic, and platelet dysfunction, including iatrogenic, are not considered to 
be a contraindication for these injections.

 Clinical Anatomy

The radiocarpal joint is composed of the distal radius and the proximal row of three 
carpal bones: scaphoid, lunate, and triquetrum. The triangular fibrocartilage com-
plex separates the radioulnar joint, and the scapholunate and lunotriquetral liga-
ments separate the midcarpal joints. The wrist joint is not one compartment due to 
various divisions, but there is a communicating synovial cavity. The radiocarpal 
joint communicates with the pisiform-triquetral joint in approximately 75% of cases 
[10, 11].

 Equipment and Supplies

This procedure can be performed at the bedside and in an office setting. The 
patient is placed in a seated position with a fully pronated forearm. Lister’s 
Tubercle is palpated. The skin at the dorsum of the wrist is prepped with antisep-
tic solution. After localization of the RC joint, a 25-gauge 1-in. needle is inserted 
at the level of the radioscaphoid joint and advanced to the periosteum of the 
underlying distal radius. The needle is guided into the joint cavity until fluid 
flows freely. Steroid and local anesthetic are injected; please refer to Table 1 for 
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specific volumes. After negative aspiration is confirmed, the solution is 
injected [12].

 Ultrasound-Guided Technique

After prepping the skin with antiseptic, a high-frequency linear-array transducer is 
situated using a dorsal approach and longitudinal planes. The transducer should be 
translated with Lister’s Tubercle in the center. The transducer should be rotated 90° 
into the anatomic sagittal plane for a long-axis view. In this position, it should be 
possible to visualize the distal radius, lunate, and capitate. The transducer can be 
rotated to ensure that the needle is placed between the second and third extensor 
compartments (separated by Lister’s Tubercle). The needle is inserted in-lane distal- 
to- proximal trajectory at 45° to the transducer (Fig. 4).

A few millimeters distal to the joint is the optimum placement to avoid the dorsal 
lip of the radius [13]. Joint effusions, thickening of the synovium, articular space 
narrowing, osteophyte formation, and cortical irregularities are all common ultra-
sound findings.

 Potential Complications and Adverse Effects

The complication rate is extremely low. The region of the scapholunate ligament 
should be avoided due to potential ligamentous damage. In addition to common 
complications such as bleeding or infection, patients may report mild paresthesia in 
the distribution of the radial nerve. In addition, mild depigmentation and allergic 
reactions as described in the initial section are potential complications. Two weeks 
of relative rest may be advised with splinting to protect the joint [13] (Fig. 5).

Fig. 4 Probe orientation and US image for radiocarpal joint injection
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Fig. 5 Ultrasound image for radiocarpal injection. Ultrasonogram. R radius, S scaphoid

3  Bedside Ganglion Cyst Aspirations

 Overview

Ganglion cyst aspiration serves as a useful therapeutic tool at the bedside and in an 
office setting.

 Indications and Contraindications

Ganglion cyst aspiration is indicated in the management of pain and less frequently 
in decompression of a vessel or nerve. The cyst is typically a swelling in conjunc-
tion with a joint capsule or tendon sheath. The cystic lesions are filled with fluid 
from the degeneration of periarticular or peritendinous soft tissues [6, 7]. They typi-
cally occur on the dorsal aspect of the wrist. Recurrence after aspiration is common, 
and surgery has a lower rate of recurrence in comparison to aspiration. Common 
contraindications include infection at the injection site, intolerance of allergy to the 
injectate, including steroids, and patient refusal. Anticoagulation, including iatro-
genic, and platelet dysfunction, including iatrogenic, are not considered to be a 
contraindication for these injections.

 Clinical Anatomy

Surrounding anatomical structures should be considered with respect to the cyst 
location. The majority of ganglia are at the dorsum of the wrist superficial to the 
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scapholunate ligament. Volar ganglia originate from the scaphotrapezium joint; they 
are located on the radial side and may displace the radial artery or the superficial 
sensory branch of the radial nerve. Vascular structures should be located with dop-
pler imaging.

 Equipment and Supplies

It is recommended that practitioners use ultrasound to confirm correct needle place-
ment and adjust technique based on anatomical variation. For dorsal ganglia, the 
patient is placed in a seated position with a fully pronated forearm. The skin sur-
rounding the cyst is prepped with antiseptic solution. After localization of the cyst 
with transducer, a 16-gauge 1-in. needle is inserted at an approximately 45° to the 
transducer. A 16-gauge needle is often necessary due to the high viscosity of aspi-
rated material, but the needle size will also depend on the size and location of the 
cyst. Adequate time should be given between anesthetic injection and aspiration due 
to the high pain with wrist injections. Local anesthetic, and less frequently steroids, 
may be injected if there is wrist pain and/or synovitis near the cyst; please refer to 
Table 1 for specific volumes.

 Ultrasound-Guided Technique

After prepping the skin with antiseptic, a high-frequency linear-array transducer is 
situated typically using a dorsal approach and longitudinal planes. Hockey-stick 
transducers are ideal for aspiration to have adequate space for placement of the 
needle. The transducer should be translated to place the cyst in the center of the 
transducer. The needle is inserted at 45° to the transducer to enter the body of the 
cyst (Fig. 6) [6].

Fig. 6 Probe orientation and US image for the wrist ganglion cyst aspiration
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 Potential Complications and Adverse Effects

The complication rate is low and nearly all complications are self-limiting. In addi-
tion to common complications such as bleeding or infection, mild local depigmen-
tation and allergic reactions are less common complications. Well-defined lesions 
may present as anechoic or hypoechoic with posterior enhancement close to a joint 
or tendon sheath, which should be avoided when possible. US guidance is advanta-
geous for aspiration of multiloculated ganglia [6].
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Clinical and Technical Pearls
• For optimal positioning during RC joint injections, a pillow or rolled towel 
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Bedside Injections for Hand Pain: Trigger 
Finger, Digital Nerve Blocks, 
Intra- Articular Injections

Jason Christopher Gremillion, Yashar Eshraghi, 
Gassan Chaiban, and Maged Guirguis

1  Hand Pain, Overview

Chronic hand and wrist pain are common symptoms among the general population 
with a reported incidence of 5–26% depending on the diagnostic criteria and dura-
tion of symptoms [1]. While the etiology of hand pain can vary widely, injections 

Essential Concepts
• Injections for hand pain are often performed in the peri-operative setting or 

in the office for chronic inflammatory conditions. While classically per-
formed by anatomical landmarks, ultrasound guidance is becoming 
increasingly popular.

• Corticosteroid injections for trigger finger are typically efficacious in 
symptom relief. Approximately 57% of patients will have resolution of 
their symptoms with one injection, and 86% of patients with a second 
injection. Resolution of symptoms often lasts longer than 12 months in 
50% of patients.

• Digital nerve blocks are typically performed for emergent repair of a finger 
injury or postoperative pain control. Epinephrine has largely been proven 
to be safe to use in these injections.
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for hand pain are often performed in the peri-operative setting or in the office for 
chronic inflammatory conditions. The etiology of hand pain is often diagnosed by 
history and physical examination with little imaging needed. Most patients with 
chronic hand pain present to their primary care physician and are treated with con-
servative measures, including physical therapy, bracing/splinting, topical agents, 
and nonsteroidal anti-inflammatory drugs (NSAIDS) [2]. Injections performed in 
the hand for chronic pain are often secondary to osteoarthritis or other degenerative 
joint diseases. Osteoarthritis of the hand is noted to have a prevalence of 13–26% in 
the general population [3]. Additionally, recent trauma or unusual and increased 
manual activity can lead patients to seek a physician.

While injections performed for hand pain have not been as rigorously studied 
compared to other anatomical locations such as the hip or knee, they are still rou-
tinely performed by various physicians. Common steroids used in hand injections 
include betamethasone, methylprednisolone, and triamcinolone. Many practitioners 
prefer water-soluble steroids as they are less likely to cause depigmentation. While 
all the injections described below are relatively safe and easy to perform, there are 
some general contraindications and risks. Contraindications include local infection 
of the targeted area, systemic infection, and allergic reaction, or contraindication to 
local anesthetics or steroids. Patients on anticoagulation therapy typically do not 
have to stop their medications as there is often little bleeding and compression of 
bleeding vessels is easy to perform, but this decision is at the discretion of the physi-
cian. General risks include bleeding, swelling, infection, damage to the surrounding 
vessels, musculature, and nerves, and allergic reaction [4].

2  Injections for Trigger Finger

 Overview

Stenosing tenosynovitis, more commonly known as trigger finger, describes inflam-
mation of the flexor digitorum superficialis or flexor pollicis longus caused by com-
pression from the heads of the metacarpal bones.

 Indications and Contraindications

The most common site of obstruction is the first annular pulley (A-1). Most cases 
are idiopathic, but patients can present with a history of strenuous manual activity 
or trauma to the hand. The prevalence of trigger finger is estimated to be 3% in the 
general population [5]. The ring finger and the thumb are the most affected digits. 
Trigger finger symptoms have an increased incidence in the dominant hand, chil-
dren, the sixth decade of life, and patients with rheumatoid arthritis or diabetes [6]. 
Patients often report pain localized to the distal palm, sleep disturbances, and the 
affected finger “catching” or remaining in the flexed position. Pain is worsened with 
repeated use.
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While conservative measures are typically first-line treatment, the response to 
corticosteroid injection is usually significant. Up to 57% of patients will have reso-
lution of their symptoms with one injection, and 86% of patients with a second. 
Resolution of symptoms often lasts longer than 12 months in 50% of patients. This 
injection can be repeated up to every 6  weeks with a maximum of three injec-
tions [7].

Contraindications are similar for the injections in this chapter thus are discussed 
in the overview.

 Clinical Anatomy

The primary target for the injection is the tendon sheath of the flexor digitorum 
superficialis (or the flexor pollicis longus for the thumb) as it transverses the meta-
carpal head. This location most often corresponds to the location of the A-1 pulley. 
Ultrasound can be used to identify the tendon sheath by placing the probe trans-
versely just proximal to the metacarpophalangeal joint. The tendon sheath should be 
identified as a hypoechoic circle surrounding the hyperechoic tendon.

 Equipment and Supplies

This procedure can be performed at the bedside and in an office setting (Table 1). 
Ultrasound can be utilized to visualize the tendon and the affected sheath as well as 
to avoid any vascular structures.

 Landmark Technique

With the patient in the supine or seated position, the arm is adducted, and the hand 
is placed flat on a sterile drape with the palmar surface of the hand facing upwards. 
After sterilely prepping the hand, the metacarpal head and the metacarpophalan-
geal joint of the affected digit are identified, and a 1 in., 25-G needle is inserted just 
proximal to the joint space at a 45° angle to the skin, parallel to the path of the 
tendon. The needle is advanced through the subcutaneous tissues into the tendon 
sheath (Fig. 1). Aspiration with the syringe should be performed, followed by soft 
injection of the syringe’s contents. If there is significant resistance to injection, the 

Table 1 Required supplies for trigger finger injection

Syringe 3 or 5 mL
Needle 25 or 27 gauge

1/2–1 in.
Anesthetic 1 mL 1% lidocaine

1 mL 0.25% bupivacaine
Corticosteroid Methylprednisolone 40 mg (t1/2 life: 18–36 h)
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Fig. 1 Positioning for landmark trigger finger injection

needle is likely in the tendon or contacting bone and should be withdrawn until the 
contents can be easily injected. Injectate solutions are commonly 1 mL of steroid 
(40 mg methylprednisolone or 3 mg of betamethasone) with 1–2 mL of a local 
anesthetic [8].
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 Ultrasound Technique

After positioning and prepping the hand similarly to the landmark technique, a 
high-frequency linear probe is placed in the transverse position just proximal to 
the metacarpophalangeal joint. Using the ultrasound, the tendon sheath should be 
identified as a hypoechoic circle surrounding the hyperechoic tendon. In this view, 
the A1 pulley may be visualized as a hyperechoic structure due to hypertrophy 
and inflammation. A 1-inch, 22-G needle should be inserted out-of-plane and 
5 mm proximal to the probe at a 45° angle to the skin, parallel to the course of the 
tendon. The needle should be advanced until it is visualized in the tendon sheath 
(Figs. 2, 3 and 4). After negative aspiration, the contents should be softly injected. 
Under direct visualization, the contents should spread within the tendon sheath 
with little resistance to injection [9].

 Potential Complications and Adverse Effects

The complication rate is extremely low and nearly all complications are self- 
limiting, requiring no medical intervention. The most common complications 
include bleeding, swelling, local infection of the injection site, or mild paresthesia 
along the targeted digit. Mild local depigmentation may occur as a result of superfi-
cially located steroid. The most serious complication is tendon rupture if the flexor 
tendon is injected directly. This can be avoided by using ultrasound or retracting a 
few millimeters if the patient experiences significant pain with injection. 
Additionally, practitioners should be vigilant of allergic reactions to both steroid or 
local anesthetic.

 Evidence for Trigger Finger Injections

In a Cochrane Review performed in 2009 by Peters-Veluthamaningal et al. two 
randomized controlled trials (RCT’s) were analyzed with a total of 63 partici-
pants: 34 allocated to corticosteroids and lidocaine, and 29 allocated to lidocaine 
alone. Corticosteroid injection with lidocaine was more effective than lidocaine 
alone for treatment success at 4 weeks. The number needed to treat was cited as 
3 [10]. In a retrospective review by Grandizio et al. in 2017, the authors reviewed 
264 patients who received one to two injections at the A-1 pulley for trigger fin-
ger. A successful injection was defined as an injection that resulted in over 1 year 
of relief. The overall success of corticosteroid injection was 84% with 16% of 
patients requiring surgical release of the A-1 pulley. Single injection efficacy was 
49%, and second injection efficacy was 68% [7].
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Fig. 2 Ultrasound position for trigger finger position, out-of-plane approach
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Fig. 3 Longitudinal ultrasound image of trigger finger injection. A1 A1 Pulley, FT flexor tendon, 
M metacarpal head, P proximal phalanx

Fig. 4 Transverse ultrasound image of trigger finger injection. A1 A1 Pulley, FT flexor tendon, M 
metacarpal head, TS tendon sheath

3  Injections for Dupuytren’s Contracture

 Overview

Dupuytren’s contracture describes the progressive fibrosis of the palmar fascia lead-
ing to “puckering” of the palmar tissue and formation of nodules along the palmar 
fascia. As the disease progresses, these nodules form longitudinal cords along the 
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Fig. 5 Dupuytren’s contract of the fourth digit. (Image Courtesy of American Academy of 
Orthopedic Surgeons)

palmar fascia resulting in loss of extension at the metacarpophalangeal (MCP) joint 
and proximal interphalangeal (PIP) joint (Figs. 5 and 6). While these bands typi-
cally begin along the palmar fascia, they can form along the digital fascia and the 
dorsum of the hand at later stages [11]. Patients often report stiffness and difficulty 
with finger extension as the disease progresses. While the initial nodules can be 
painful, the cords seen in the latter stages of the disease are often painless [12].

 Indications and Contraindications

Risk factors for Dupuytren’s contractures include male sex, age >50 years, Northern 
European descent, family history of Dupuytren’s contracture, diabetes mellitus, 
tobacco use, alcohol use, and careers with excessive manipulation of the hands. 
Contractures occur more frequently on the fourth and fifth digit [11]. There are cur-
rently several interventional procedures for Dupuytren’s contractures including ste-
roid injection, needle aponeurotomy, collagenase injection, and surgical fasciotomy. 
There is still debate regarding the best algorithm for deciding a treatment modality, 
but typically patients with mild to moderate disease (MCP contracture less than 40° 

J. C. Gremillion et al.



625

Fig. 6 Dupuytren’s contract of the fourth digit. (Image Courtesy of American Academy of 
Orthopedic Surgeons)

or PIP contracture less than 20°) can be managed with activity modification and 
steroid injection, while more severe disease may require surgical release or collage-
nase injection. Steroids, local anesthetic, or collagenase solutions may all be injected 
using the techniques below [12].

Contraindications are similar for the injections in this chapter thus are discussed 
in the overview.

 Clinical Anatomy

Nodules and cords typically form along the palmar fascia over the metacarpopha-
langeal (MCP) joint and proximal interphalangeal (PIP) joint. While these bands 
typically begin along the palmar fascia, they can form along the digital fascia and 
the dorsum of the hand at later stages.

 Equipment and Supplies

This procedure can be performed at the bedside and in an office setting (Table 2). 
Ultrasound can be utilized to visualize the tendon and Dupuytren’s lesions as well 
as to avoid any vascular structures.
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Table 2 Required supplies for Dupuytren’s contracture injection

Syringe 3 mL
Needle 25 or 27 gauge

1/2–1 in.
Anesthetic 1 mL 1–2% lidocaine
Corticosteroid Methylprednisolone 40 mg (t1/2 life: 18–36 h) OR

Triamcinolone 60 mg (t1/2 life: 18–36 h)
Collegenase Clostridium histolyticum 0.58 mg per cord if lysis is desired

 Injection Technique

With the patient in the supine or seated position and the arm in adduction, the hand 
is positioned flat on the procedural table with the palmar surface facing upwards. 
After sterilely prepping the hand, palpate the symptomatic cord or nodule. A 25-G, 
1-in. needle is inserted parallel to the cord or nodule at 45° angle to the skin, typi-
cally just lateral of midline. The needle is advanced through the subcutaneous tis-
sues and into the lesion. While initial resistance to injection is common, continued 
resistance could be indicative of the needle being directly against bone. The needle 
should be slightly withdrawn, and injection can be resumed. Common steroid injec-
tion solutions include 1 mL of 40 mg methylprednisolone or 60 mg triamcinolone 
acetonide with 1–2 mL of local anesthetic [13].

This injection may also be performed under ultrasound guidance. The ultrasound 
may be placed either longitudinally or transversally to the nodule or cord. The pal-
mar aponeurosis should appear as a thin hyperechoic structure running ventral to the 
thicker and slightly more hyperechoic tendon. After the hand is prepped, a 25-G, 
1-inch needle should be advanced in-plane until it is identified in the lesion. The 
injectate solution should spread along the path of the lesion [14].

 Potential Complications and Adverse Effects

The complication rate is extremely low and nearly all complications are self- 
limiting, requiring no medical intervention. The most common complications 
include bleeding, swelling, or local infection of the injection site. Mild local depig-
mentation may occur as a result of superficially located steroid. The most serious 
complication is tendon rupture if the affected tendon is injected directly. This can be 
avoided by using ultrasound or retracting a few millimeters if the patient experi-
ences significant pain with injection.

 Evidence for Dupuytren’s Contracture Injections

While reoccurrence of disease is common no matter what treatment modality is cho-
sen, both steroid and collagenase injections are common treatments for Dupuytren’s 
contractures. In a study by Ketchum et al. 63 patients with Dupuytren’s nodules in 
early stages of disease underwent a series of triamcinolone acetonide injections. 62 
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of the patients experienced visible regression of disease with softening and flattening 
of the nodules. Overall, the study reported an average of 3.2 injections per nodule 
and 97% of patients experiencing softening and flattening of nodules. Approximately 
half of these patient had reoccurrence at the 1-year mark [15].

In a study by Hurst et al. 308 patients with joint contractures of 20° or more at the 
MCP or PIP were randomly assigned to receive up to three injections of collagenase 
Clostridium histolyticum (at a dose of 0.58 mg per injection) or placebo in the con-
tracted collagen cord at 30-day intervals. Overall, the range of motion in the joints was 
significantly improved after injection with collagenase as compared with placebo 
(from 43.9° to 80.7° vs. from 45.3° to 49.5°, P < 0.001). Response rates were better in 
patients with less severe contractures [16]. In a retrospective study by Zhou et al. 130 
patients were identified that underwent either needle aponeurotomy (n = 46) or col-
lagenase injections (n = 84). While both interventions were successful in symptom 
relief, no technique was proven superior in improvement in contractures at the MCP 
or PIP. No serious adverse effects occurred in either of the two treatment groups [17].

4  Injections for Digital Nerve Block

 Overview

Digital nerve blocks are performed by a variety of providers often for emergent 
repair of a finger injury (lacerations, removal of nails, tendon ruptures, fractures, 
etc.) or postoperative pain control. Less commonly, the block can be performed to 
alleviate neuropathies from overuse of the digits or entrapment injuries [18].

 Indications and Contraindications

As noted above indications for digital nerve block include emergent repair of finger 
injuries and to provide analgesia postoperatively or for neuropathic finer pain. 
Contraindications include compromised digit circulation, allergy to local anesthetic, 
or infection at the injection site.

 Clinical Anatomy

The common digital nerves arise from either the median or ulnar nerves, with the 
thumb receiving some fibers from the radial nerve. They divide into two common 
palmar digital nerves typically at the level of the metacarpal bones. They are accom-
panied by the digital arteries as the run along either side of the flexor tendon close 
to the palmar surface. While the proper palmar digital nerves supply most of the 
innervation to the digit, they also send off a dorsal branch at the level of the MCP 
that supplies innervation to the dorsal proximal phalanx.

There are three major techniques for performing the digital nerve block as dis-
cussed below.
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 Equipment and Supplies

This procedure can be performed at the bedside and in an office setting (Table 3). 
Ultrasound can be utilized to visualize the digital nerves and vasculature. When 
comparing different anesthetic solutions, 0.5% bupivacaine provides a long period 
of analgesia at approximately 24.9 h. Comparatively, 2% lidocaine with epinephrine 
(1:100,000) provides 10.4  h, and 2% lidocaine without epinephrine provides 
4.9 h [19].

 Traditional Technique With and Without Ultrasound

With the patient in the supine or seated position, the hand is positioned flat on the 
procedural table with the dorsal surface facing upwards. After the hand is ster-
ilely prepped, a 27-G, 1-in. needle is inserted into the subcutaneous tissues of the 
web space of the targeted digit just distal to the MCP at a 90° angle to the skin. 
After negative aspiration, 2–3 mL of preservative-free local anesthetic is injected. 
The same injection is then performed on the other side of the targeted digit 
(Fig. 7).

This technique can also be performed with ultrasound guidance. With the 
patient in the supine or seated position, the hand is positioned flat on the proce-
dural table with the palmar surface facing upwards. A linear probe is placed 
transversely along the digit just distal to the MCP. The flexor tendon is often 
easily identified as a circular, hypoechoic structure. The digital artery is often 
identified as a pulsating structure on either side, just lateral to the tendon. The 
digital nerve should be just ventral to the digital artery in this position. After the 
hand is sterilely prepped, a 27-G, 1-in. needle is inserted on the proximal side of 
the probe in an out-of-plane approach. The needle is advanced until it is just 
adjacent to the digital nerve (Figs. 8 and 9). After negative aspiration, 1–2 mL of 
preservative-free local anesthetic is injected. Repeat this same injection on the 
other side of the digit [20].

While the bilateral technique is described above, if anesthesia of just one side of 
the digit is needed, a unilateral injection may be performed. If this injection is being 
performed for a neuropathy, one ml of 40 mg/mL of methylprednisolone may be 
injected.

Table 3 Required supplies for digital nerve block

Syringe 5 mL
Needle 25 or 27 gauge

1/2–1 in.
Anesthetic 2–3 mL 0.5% Bupivacaine OR

2–3 mL 2% Lidocaine with epinephrine OR
2–3 mL 2% Lidocaine

Corticosteroid Methylprednisolone 40 m (t1/2 life: 18–36 h) if for neuropathy
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Fig. 7 Positioning for landmark traditional nerve block

 Transthecal Technique

The transthecal technique provides anesthesia to the affected digit by infusing the 
flexor tendon sheath with local anesthetic. The hand is positioned flat on the proce-
dural table with the palmar surface facing upwards. The flexor tendon is identified 
just proximal to the proximal digital crease. After the hand is sterilely prepped, a 
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Fig. 8 Ultrasound position for digital nerve block, out-of-plane approach

27-G, 1-in. needle is directed distally at a 45° angle to the skin at this level. The 
needle is advanced through the subcutaneous tissues and into the flexor tendon 
sheath (Fig. 10). After aspiration, 2 mL of local anesthetic may be injected [21]. 
Ultrasound can be used to identify the tendon and tendon sheath, as described in the 
trigger finger injection technique section.
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Fig. 9 Transverse ultrasound image of digital nerve block. FT flexor tendon, M metacarpal head, 
A digital artery, N digital nerve

 Subcutaneous Technique

The subcutaneous technique involves injecting local anesthetic into the subcutane-
ous tissues of the targeted finger and then massaging the tissues so that the medica-
tion spreads toward the digital nerves and tendon sheath. Unlike the other two 
techniques, this technique rarely provides adequate anesthesia to the dorsum of the 
proximal phalanx.

The hand is positioned flat on the procedural table with the palmar surface facing 
upwards. After the hand is sterilely prepped, a 27-G, 1-in. needle is directed distally 
into the proximal digital crease at a 45° angle to the skin. The needle is advanced 
into the subcutaneous tissue. After negative aspiration, 2 mL of local anesthetic is 
injected (Fig. 11). With sterile gloves, the local anesthetic is massaged into to the 
tissues and distally for 30–40 s [22].

 Potential Complications and Adverse Effects

The complication rate is extremely low and nearly all complications are self- 
limiting, requiring no medical intervention. The most common complications 
include bleeding, swelling, or local infection of the injection site, and mild 
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Fig. 10 Positioning for landmark transthecal digital nerve block
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Fig. 11 Positioning for landmark subcutaneous digital nerve block
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paresthesia if the nerve is contacted. There is potential for tissue necrosis if an epi-
nephrine solution is injected intravascularly which is discussed below in the “Choice 
of Technique and Injectate” section.

 Choice of Technique and Injectate

While all three techniques mentioned above are relatively easy to perform and pro-
vide consistent analgesia of the targeted digit, there have been several studies 
reviewing pain with injection and pain at the site of injection with these different 
approaches. In one RCT performed by Kerimidas et al. 104 patients were random-
ized to either a traditional block or a transthecal block. While the transthecal tech-
nique was associated with quicker onset of anesthesia (100 s vs. 165 s), it was also 
associated with higher visual analogue pain scores on injection (3.2 vs. 1.6), and 
approximately 50% of those patients receiving the transthecal injection had pain at 
the site of injection 24 h after it was performed. Comparatively, none of the patients 
receiving the traditional block had injection-site pain at 24 h [23]. Additionally, the 
transthecal injection has a hypothetical risk of tendon rupture with injection.

In a meta-analysis performed by Yin et al. comparing all three techniques, the 
traditional and subcutaneous techniques had similar onset of analgesia, pain with 
injection, and post-operative pain at the injection site. Of note, the subcutaneous 
technique was less likely to cover the dorsal proximal phalanx compared to the 
other two techniques. While the transthecal technique was noted to have the fastest 
onset of analgesia, it was also associated with increased pain with injection and 
postoperative pain at the injection site [22].

While epinephrine was initially avoided in digital nerve blocks due to a fear that 
the vasoconstriction of digital arteries could lead to tissue necrosis, epinephrine- 
containing local anesthetic solutions are becoming increasingly more common in 
digital nerve blocks. In a meta-analysis of 9 review articles, 18 RCT’s, and 18 other 
articles there were no reports of digital necrosis or gangrene from epinephrine. This 
included both 1:100,000 and 1:200,000 epinephrine containing solutions used in 
approximately 2797 digital nerve blocks. Furthermore, the vasoconstrictive effects 
from digital nerve blockade appear to resolve in less than 90 min. Despite these 
findings, it is advised that epinephrine-containing solutions are avoided in patients 
with peripheral vascular disease or who have a high risk of tissue necrosis [24].

5  Intra-articular Injections of the Hand

 Overview

Intra-articular injections of the carpometacarpal (CMC) and interphalangeal joints 
are commonly performed procedures for arthritis secondary to various etiologies 
(osteoarthritis, rheumatoid arthritis, post-traumatic arthritis, etc.) as well as colla-
gen disorders.
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 Indications and Contraindications

Symptomatic osteoarthritis of the hand is common in the elderly with a prevalence 
of 13% in men and 26% in women [25]. The CMC joint of the thumb is cited as the 
most affected joint. Glucocorticoids and hyaluronic acid (HA) are the two sub-
stances most commonly injected into these joints with trials for other injectates like 
infliximab and glucose.

Contraindications are similar for the injections in this chapter thus are discussed 
in the overview.

 Equipment and Supplies

This procedure can be performed at the bedside and in an office setting (Table 4). 
Ultrasound can be utilized to visualize the targeted joint and surrounding structures.

 Injection Technique

With the patient in the supine or seated position and the arm fully adducted, the 
hand is positioned flat on a procedural table with the dorsum of the hand facing 
upwards. The joint is then palpated; traction may be placed on the targeted digit as 
to open the joint space. Similarly, flexion and extension of the joint may help iden-
tify the joint space. After the hand is prepped, a 25-G, 1-in. needle is introduced into 
the midline of the joint space at a 90° angle to the skin if possible (significant degen-
erative disease may make this approach impossible and a shallower angle may be 
needed). The needle is then advanced through the subcutaneous tissues, joint cap-
sule, and into the joint space (Fig. 12). The needle may have to be redirected if bone 
is contacted. If resistance to injection is met, then the needle is likely in a tendon and 
should be advanced slightly. Once in the joint space, 1 mL of local anesthetic and 
1 mL of 40 mg methylprednisolone is injected [26]. This injection may be aided by 
ultrasound guidance by placing the ultrasound longitudinally along the joint line 
and identifying the joint space. The needle may then be introduced either out-of- 
plane or in-plane directed toward the synovial membrane until the needle enters the 
joint space (Figs. 13 and 14).

Table 4 Required supplies for intra-articular hand injection

Syringe 3 mL
Needle 25 or 27 gauge

1/2–1 in.
Anesthetic 1 mL 1–2% lidocaine
Corticosteroid Methylprednisolone 40 mg (t1/2 life: 18–36 h)
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Fig. 12 Positioning for landmark intra-articular PIP injection

 Evidence for Intra-articular Injection

While intra-articular injections remain common, efficacy and long-term results are 
still debated. In a meta-analysis by Kroon et al. 13 RCT’s comparing glucocorticoid 
or HA injections vs. placebo injections in the CMC or interphalangeal joints were 
analyzed. Glucocorticoid and HA injections had no increased risks and similar 
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Fig. 13 Ultrasound position for intra-articular PIP injection, out-of-plane approach

safety profiles to placebo. Glucocorticoid and HA injections on the CMC joints 
generally showed a decrease in pain and swelling compared to placebo, but these 
results were not statistically significant. One trial did find that glucocorticoid injec-
tions of the interphalangeal joints resulted in statistically significant pain relief at 
the 12-week mark compared to placebo [27].
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Fig. 14 Ultrasound image of intra-articular PIP injection. FT flexor tendon, PP proximal phalanx, 
MP middle phalanx, SM synovial membrane

 Landmark vs. Ultrasound Guidance

Procedure
Benefits of 
ultrasound

Limitations of 
ultrasound

Benefits of 
landmark

Limitations of 
landmark

Trigger finger 
injection

Decrease chance of 
tendon rupture, can 
visualize tendon 
and vasculature, 
confirms tendon 
sheath injection

Cost of equipment, 
may be difficult to 
visualize pulley if 
hypertrophy is mild, 
increased procedure 
time

Can be 
performed 
quickly with 
minimal risk to 
patient

Unable to 
visualize if 
injectioning into 
tendon or 
vasculature

Dupuytren’s 
contracture 
injection

Visualize cord or 
nodule, avoid 
tendon and 
vasculature 
injection, confirms 
injection into lesion

Cost of equipment, 
increased procedure 
time, may be 
difficult to visualize 
lesion if disease is 
mild

Easy to 
perform with 
minimal risk to 
patient

Unable to 
visualize lesion, 
unable to 
visualize if 
injection is into 
tendon or 
vasculature

Digital nerve 
block

Visualize digital 
nerve and artery, 
avoids injection into 
tendon

Cost of equipment, 
may not be feasible 
in emergent surgical 
situation

Easy to 
perform, 
minimal risk, 
can be 
performed in 
emergent 
situations

Unable to 
visualize digital 
artery and nerve

Intra-articular 
injections

Visualize joint 
space, confirms 
intra-articular 
injection

Cost of equipment, 
difficult to visualize 
joint in advanced 
disease

Can be 
performed 
quickly with 
minimal risk to 
patient

Unable to 
visualize joint 
space
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Botulinum Toxin Injections for Muscle 
Spasticity

Geoffrey R. Smith, Chelsea D. Frost, and Andrea T. Aguirre

1  Botulinum Toxin Injections for Upper and Lower Limb

 Overview

Intramuscular botulinum toxin injection causes a degree of paralysis of the injected 
muscle, which can be useful for treatment of spasticity-associated pain [1]. Spasticity 
is necessarily associated with a lesion of upper motor neurons [1], so an associated 
brain or spinal cord pathology must be identified. Spasticity can involve involuntary 

Essential Concepts
• Intramuscular botulinum toxin injections targeting specific muscles can be 

effective for treating spasticity-associated pain in the upper and lower limbs.
• Spasticity is necessarily associated with an upper motor neuron injury 

or lesion.
• The mechanism of action of botulinum toxin involves a dose-dependent 

degree of paralysis of the injected muscle, and attention must be paid to 
avoiding adverse function effects from this paralysis.

• Goals of treating spasticity must be weighed against the potential benefits 
of maintaining spasticity.

• Pain relief is often dependent on the paralyzing effect of botulinum toxin 
on the target muscle which takes 1–4 weeks to achieve its full effect and 
must be repeated every 3–4 months to maintain the paralyzing effect.
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velocity- dependent increase in tone with muscle stretch, as well as spasms [2]. 
Botulinum toxin injections can be beneficial for focal, temporary treatment of spas-
ticity and require repeat injections every 3–4  months to maintain the paralyzing 
effect [1]. Peak therapeutic effect occurs 1–4 weeks post-injection [3]. To minimize 
risks and optimize accuracy, injections are given with guidance via electrical stimu-
lation, electromyography, and/or ultrasound [1]. Three types of botulinum toxin are 
FDA-approved for spasticity management, including onabotulinumtoxinA, abob-
otulinumtoxinA, and incobotulinumtoxinA (upper limb only) [3–5]; each has spe-
cific FDA-approved doses for specific muscles (Tables 1 and 2). Other spasticity 
treatment methods include stretching, bracing, oral or intrathecal medications, or 
surgical interventions.

 Indications and Contraindications to Botulinum Toxin Injections

Spastic muscles can contribute to pain directly as myalgia, or indirectly by altering 
biomechanics with associated musculoskeletal pain [1]. However, spasticity can be 
beneficial for function, and botulinum toxin-associated paralysis can lead to further 
dysfunction [1]; if there are concerns about functional sequelae of treatment, coor-
dinate care with a physiatrist. Spasticity is part of an upper motor neuron syndrome 
and should be distinguished from other causes of increased muscle tone. In contrast 

Table 1 FDA-approved botulinum toxin dosing for the management of upper limb spastic-
ity [3–5]

Injection OnabotulinumtoxinA AbobotulinumtoxinA IncobotulinumtoxinA
Adductor pollicis 20 units

1 site
N/A 5–30 units

1 site
Biceps brachii 100–200 units

Divided at 4 sites
200–400 units
1–2 sites

50–200 units
1–4 sites

Brachialis N/A 200–400 units
1–2 sites

25–100 units
1–2 sites

Brachioradialis N/A 100–200 units
1–2 sites

25–100 units
1–2 sites

Flexor carpi radialis 12.5–50 units
1 site

100–200 units
1–2 sites

25–100 units
1–2 sites

Flexor carpi ulnaris 12.5–50 units
1 site

100–200 units
1–2 sites

20–100 units
1–2 sites

Flexor digitorum 
profundus

30–50 units
1 site

100–200 units
1–2 sites

25–100 units
2 sites

Flexor digitorum 
superficialis

30–50 units
1 site

100–200 units
1–2 sites

25–100 units
2 sites

Flexor pollicis brevis N/A N/A 5–30 units
1 site

Flexor pollicis longus 20 units
1 site

N/A 10–50 units
1 site

Pronator quadratus N/A N/A 10–50 units
1 site

Pronator teres N/A 100–200 units
1 site

25–75 units
1–2 sites

G. R. Smith et al.



643

Table 2 FDA-approved botulinum toxin dosing for the management of lower limb spastic-
ity [3, 4]

Injection OnabotulinumtoxinA AbobotulinumtoxinA
Gastrocnemius (medial and lateral heads) 75 units per head

3 sites per head
100–150 units per head
1 site per head

Flexor digitorum longus 50 units
2 sites

130–200 units
1–2 sites

Flexor hallucis longus 50 units
2 sites

70–200 units
1–2 sites

Soleus 75 units
3 sites

330–500 units
3 sites

Tibialis posterior 75 units
3 sites

200–300 units
2 sites

Table 3 Upper limb spasticity patterns [2]

Spasticity pattern Muscles involved
– Pronated flexed elbow – Biceps brachii

– Brachialis
– Brachioradialis
– Pronator teres

– Flexed wrist – Flexor carpi radialis
– Flexor carpi ulnaris
– Flexor digitorum profundus
– Flexor digitorum superficialis
– Flexor pollicis longus
– Palmaris longus

– Thumb-in-palm – Abductor pollicis brevis
– Adductor pollicis
– Flexor pollicis brevis
– Flexor pollicis longus

– Clenched fist – Flexor digitorum superficialis
– Flexor digitorum profundus
– Lumbricals
– Interossei

to spasticity, dystonia involves involuntary muscle contractions in distinct patterns, 
often without a known upper motor neuron injury or lesion [6]. If the etiology of 
muscle hypertonicity is in question, diagnosis by either a physiatrist or neurologist 
prior to initiating treatment is recommended. Black Box Warnings for distant spread 
of toxin effect should be considered, especially in the context of respiratory impair-
ment ([3–5], see Table 3). Contraindications include neuromuscular junction dis-
ease (e.g. myasthenia gravis) and infection at the injection site [3].

 Clinical Anatomy

 Upper Limb
Each botulinum toxin subtype approved for spasticity management is approved for 
specific muscle targets with specific doses (see Table 1). Common upper limb spas-
ticity patterns are listed in Table 3. For the clenched fist pattern, it is important to 

Botulinum Toxin Injections for Muscle Spasticity
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identify the involved joints as the flexor digitorum superficialis (FDS) flexes the 
proximal interphalangeal joints while the flexor digitorum profundus (FDP) flexes 
the proximal and distal interphalangeal joints. FDS and FDP each have four sepa-
rate muscle bellies that can be targeted distinctly. For ergonomic and safety reasons, 
the patient is placed supine with the forearm held vertically by an assistant or other 
safe suspension device for all upper limb injections. While single sites are described 
below, other injection sites can be found by moving 2–3 cm more proximal or distal 
along the target muscle. Given adjacent vessels and risk for systemic spread of neu-
rotoxin, negative aspiration should always be confirmed before injecting.

 Lower Limb
Each botulinum toxin subtype approved for spasticity management is approved for 
specific muscle targets with specific doses (see Table 2). Common lower limb spas-
ticity patterns are listed in Table 4. The patient is placed prone with the foot and 
ankle hanging off the end of the examination table for all injections except for 
E-stim guided soleus injection (see below). While single sites are generally described 
below, other injection sites can be found by moving 2–3 cm more proximal or distal 
along the target muscle. Given adjacent vessels and risk for systemic spread of neu-
rotoxin, negative aspiration should always be confirmed before injecting.

 Equipment and Supplies

Given the ergonomic challenges of positioning spastic limbs, the risk of spasm dur-
ing the procedure, and the use of guidance modalities, consider using 1–2 assistants 
for the procedure. Typically, a syringe with a hypodermic needle electrode (25–30 
gauge for upper extremities and 22–25 gauge for lower extremities) is used to inject 
the reconstituted solution (Table 5). We recommend adherence to the manufactur-
er’s instructions for storage and reconstitution of the botulinum toxin. If using ona-
botulinumtoxinA, the medication should be reconstituted only using preservative-free 
0.9% sodium chloride [3]; a fatal case of anaphylaxis has been reported with recon-
stitution using lidocaine [3]. Guidance modalities such as EMG, E-stim, and/or US 
are recommended to localize muscle targets [1]. Consideration of ultrasound (US) 

Table 4 Lower limb spasticity patterns [2]

Spasticity pattern Muscles involved
– Equinovarus foot – Gastrocnemius

– Flexor digitorum longus
– Flexor hallucis longus
– Soleus
– Tibialis anterior
– Tibialis posterior

– Flexed knee – Gastrocnemius
– Hamstrings

– Flexed toes – Flexor digitorum longus
– Flexor hallucis longus

G. R. Smith et al.
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Table 5 Required supplies for botulinum toxin injections

Syringe 1 or 3 mL
Needle Upper limb: 25–30 gauge, 25–50 mm length

Lower limb: 22–25 gauge, 50 mm length
Reconstitution 1–2 mL preservative-free 0.9% sodium chloride
For ultrasound 
guidance

Upper limb: medium-frequency linear probe
Lower limb: medium-frequency linear or low-frequency curvilinear 
probe (based on patient size)

For E-stim guidance Hypodermic needle electrode
Reference and ground surface electrodes
3–10 mAmps usually required for visible isolated target muscle 
stimulation

For EMG guidance Hypodermic needle electrode
Reference and ground surface electrodes
Audible EMG device

guidance is especially recommended when targeting the tibialis posterior [2] or in 
the setting of anticoagulation [7]. To minimize bleeding risk, consider US guidance 
viewing the muscle and adjacent arteries in short axis with the needle inserted lon-
gitudinally [7].

 Injection of Biceps Brachii, E-stim or EMG Guidance

The spastic muscle is easily palpated when the elbow is positioned at end-range of 
extension. The muscle is isolated between the thumb and index finger of the injec-
tor’s nondominant hand and is injected with the dominant hand at sites in the 
middle- third of the muscle. The muscle is approached anteromedially and anterolat-
erally to divide the total injection amount into the two muscle bellies. Needle place-
ment is confirmed via E-stim resulting in elbow flexion or via EMG with audible 
motor unit action potentials.

 Injection of Biceps Brachii, Ultrasound Guidance

The US probe is placed short-axis to the anterior arm, roughly halfway between the 
shoulder and elbow (Fig. 1). The biceps brachii is the most anterior and superficial 
of the muscles visualized (Fig. 2). Needle insertion is at the discretion of the injec-
tor, based on ergonomics.

 Injection of Flexor Pollicis Longus (FPL), E-stim or EMG Guidance

The injection site is 2/3 the distance from elbow to wrist on the volar aspect of the 
radius. The needle is inserted in a radial-to-ulnar orientation and angled deep, trav-
eling between the radius and radial artery into the FPL (Fig. 3). Needle placement 

Botulinum Toxin Injections for Muscle Spasticity
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Fig. 1 Ultrasound probe placement (white box) for identification of the biceps brachii muscle

Fig. 2 Sonogram of biceps brachii; probe placement as per Fig. 1

is confirmed via E-stim resulting in isolated thumb flexion or via EMG with audible 
motor unit action potentials.

 Injection of FPL, Ultrasound Guidance

The US probe is placed short-axis to the radius at the midpoint of the FPL (Fig. 4). 
Prior to needle insertion, the radial artery should be identified and avoided. The 
needle is inserted in a radial-to-ulnar orientation and angled deep, traveling between 
the radius and radial artery into the FPL (Fig. 3).

G. R. Smith et al.
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Fig. 3 Sonogram of flexor pollicis longus (red line signifies needle); probe placement as per Fig. 4

 Injection of Flexor Carpi Radialis (FCR), E-stim or EMG Guidance

The injection site is 1/3 of the distance from the medial epicondyle to the distal FCR 
tendon at the volar wrist (Fig. 5). Needle placement is confirmed via E-stim result-
ing in isolated wrist flexion with radial deviation or via EMG with audible motor 
unit action potentials.

 Injection of FCR, Ultrasound Guidance

The US probe is placed short-axis to the forearm at the FCR injection site described 
above (Fig.  5). FCR is the most volar and superficial of the muscles visualized 
(Fig. 6). Needle insertion is at the discretion of the injector, based on ergonomics.

 Injection of Flexor Carpi Ulnaris (FCU), E-stim or EMG Guidance

The injection site is 1/3 of the distance from the medial epicondyle to the pisiform. 
Needle placement is confirmed via E-stim resulting in isolated wrist flexion with 
ulnar deviation or via EMG with audible motor unit action potentials.

Botulinum Toxin Injections for Muscle Spasticity
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Fig. 4 Ultrasound probe 
placement (white box) for 
identification of the flexor 
pollicis longus muscle

G. R. Smith et al.



649

Fig. 5 Ultrasound probe 
placement (white box) for 
identification of the flexor 
carpi radialis muscle

Botulinum Toxin Injections for Muscle Spasticity
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Fig. 6 Sonogram of flexor carpi radialis muscle; probe placement as per Fig. 5

 Injection of FCU, Ultrasound Guidance

The US probe is placed short-axis to ulna at the FCU injection site described above 
(Fig. 7). FCU is the most superficial of the muscles visualized along the line from 
the medial epicondyle to the pisiform (Fig. 8). Needle insertion is at the discretion 
of the injector, based on ergonomics.

 Injection of Flexor Digitorum Profundus (FDP), E-stim or 
EMG Guidance

The injection site is just volar to the midpoint of the ulna, aiming towards the radius. 
All four muscle bellies of FDP can be accessed from this site, going in order from 
small finger to index finger as the needle is inserted more deeply (Fig. 9). Needle 
placement is confirmed via E-stim resulting in isolated finger flexion (including 
flexion of the distal interphalangeal joint) or via EMG with audible motor unit 
action potentials.

 Injection of FDP, Ultrasound Guidance

The US probe is placed short-axis to the volar aspect of the ulna at the midpoint of 
the ulna (Fig. 10). The ulnar artery should be identified. All digit-specific muscle 
bellies of the FDP can be identified on the US image dynamically by having an 
assistant passively flex and extend a specific distal interphalangeal joint (Fig. 9). 
The needle is inserted longitudinally to the probe into FDP as described above for 
E-stim/EMG guidance.

G. R. Smith et al.
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Fig. 7 Ultrasound probe 
placement (white box) for 
identification of the flexor 
carpi ulnaris muscle
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Fig. 8 Sonogram of flexor carpi ulnaris muscle; probe placement as per Fig. 7

Fig. 9 Sonogram of flexor digitorum profundus (red line signifies needle); probe placement as 
per Fig. 10

G. R. Smith et al.
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Fig. 10 Ultrasound probe 
placement (white box) for 
identification of the flexor 
digitorum profundus 
muscle 
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 Injection of Flexor Digitorum Superficialis (FDS), E-stim or 
EMG Guidance

Like FDP, digit-specific muscle bellies for FDS can be targeted; unlike FDP, target-
ing all four FDS digit-specific muscle bellies usually requires four separate needle 
insertions [8]. For localization, a line is drawn from the medial epicondyle to the 
pisiform (Fig. 11); at the halfway point, approximately 0.5 cm radial to that line is 
the FDS-ring insertion site and approximately 1.5 cm radial to that line is the FDS- 
long insertion site. At the 3/4 point along that line, approximately 0.5 cm radial to 
that line is the FDS-small insertion site and approximately 1.5 cm radial to that line 
is the FDS-index insertion site. Needle placement is confirmed via E-stim resulting 
in isolated finger flexion (especially flexion of the proximal interphalangeal joint) or 
via EMG with audible motor unit action potentials.

 Injection of FDS, Ultrasound Guidance

For FDS-ring and FDS-long muscle bellies, the US probe is placed short-axis to the 
forearm halfway along the line from the medial epicondyle to the pisiform; for 
FDS- small and FDS-index, the US probe is placed at the 3/4 point along this line 
(Fig. 11). The ulnar artery should be identified. All digit-specific muscle bellies of 
the FDS can be identified on the US image dynamically by having an assistant pas-
sively flex and extend a specific proximal interphalangeal joint (Figs. 12 and 13). 
The needle is inserted longitudinally to the probe in a radial-to-ulnar direction.

 Injection of Gastrocnemius, E-stim or EMG Guidance

The injection sites for the heads of the gastrocnemius are in the proximal half of the 
posterior leg (Fig. 14). A line from the midpoint of the popliteal fossa to the Achilles 
tendon divides the medial and lateral heads; injections for the medial gastrocnemius 
should be within 3 cm medial of this line, and injections for the lateral gastrocne-
mius should be within 2 cm lateral of this line. Needle placement is confirmed via 
E-stim resulting in isolated ankle plantar flexion or via EMG with audible motor 
unit action potentials.

 Injection of Gastrocnemius, Ultrasound Guidance

The US probe is placed short-axis to the posterior leg, approximately 1/3 of the 
distance from the popliteal fossa to the heel (Fig. 14). The Gastrocnemius muscle is 
the broad, superficial muscle visualized (Fig. 15). Needle insertion is at the discre-
tion of the injector.

G. R. Smith et al.
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Fig. 11 Ultrasound probe 
placement (white box) for 
identification of the flexor 
digitorum superficialis 
muscle
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Fig. 12 Sonogram of flexor digitorum superficialis muscle bellies to the ring and long fingers (red 
line signifies needle); probe placement as per Fig. 11

Fig. 13 Sonogram of flexor digitorum superficialis muscle bellies to the small and index fingers 
(red line signifies needle); probe placement as per Fig. 11

G. R. Smith et al.
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Fig. 14 Ultrasound probe 
placement (white box) for 
identification of the 
gastrocnemius muscle
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Fig. 15 Sonogram of gastrocnemius and soleus muscles; probe placement as per Fig. 14

 Injection of Soleus, E-stim or EMG Guidance

The injection site for the soleus is around the halfway point between the knee and 
the ankle in the midline of the posterior leg, just distal to the distal edge of the gas-
trocnemius (Fig. 16). Needle placement is confirmed via EMG with audible motor 
unit action potentials or via E-stim (patient supine with knee held flexed to 90°) 
resulting in isolated ankle plantar flexion.

 Injection of Soleus, Ultrasound Guidance

The US probe is placed short-axis to the posterior leg at the soleus injection site 
described above (Fig. 16). At this site and more distally, the soleus is the most super-
ficial muscle (Fig. 17); more proximally, the soleus is located deep to the gastrocne-
mius (Fig. 15). Needle insertion is at the discretion of the injector.

 Injection of Tibialis Posterior, E-stim or EMG Guidance

The injection site is the midpoint of the medial tibia, just posterior to the tibia and 
aiming towards the fibula. The needle must pass through the flexor digitorum longus 

G. R. Smith et al.



659

Fig. 16 Ultrasound probe 
placement (white box) for 
identification of the soleus, 
flexor digitorum longus, 
tibialis posterior, and flexor 
hallucis longus muscles
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Fig. 17 Sonogram of soleus muscle; probe placement as per Fig. 16

(FDL) before reaching tibialis posterior, which is located deep between the tibia and 
fibula (Fig.  18). Needle placement is confirmed via E-stim resulting in isolated 
ankle inversion or via EMG with audible motor unit action potentials.

 Injection of Tibialis Posterior, Ultrasound Guidance

The US probe is placed short-axis the posterior leg around the halfway point 
between the knee and the ankle, distal to the distal edge of the gastrocnemius 
(Fig. 16). Tibialis posterior is located deep between the tibia and fibula (Fig. 18). 
The location of the posterior tibial artery should be noted and avoided. Needle inser-
tion is as described above with the E-stim/EMG guided injection, passing through 
the FDL and in between the tibia and the posterior tibial artery.

 Injection of Flexor Digitorum Longus (FDL), E-stim or 
EMG Guidance

The injection site is the midpoint of the medial tibia, just posterior to the tibia and 
aiming towards the fibula (Fig.  18). Needle placement is confirmed via E-stim 

G. R. Smith et al.
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Fig. 18 Sonogram of soleus, flexor digitorum longus, tibialis posterior, and flexor hallucis longus 
muscles (red line signifies needle); probe placement as per Fig. 16

resulting in isolated toe flexion (exclusive of the great toe) or via EMG with audible 
motor unit action potentials.

 Injection of FDL, Ultrasound Guidance

The US probe is placed short-axis the posterior leg around the halfway point 
between the knee and the ankle, distal to the distal edge of the gastrocnemius 
(Fig. 16). FDL is located just posterior to the tibia (Fig. 18). The location of the 
posterior tibial artery should be noted and avoided. Needle insertion is as described 
above with the E-stim/EMG guided FDL injection.

 Injection of Flexor Hallucis Longus (FHL), E-stim or EMG Guidance

The injection site is the midpoint of the lateral fibula, just posterior to the fibula and 
aiming towards the tibia (Fig.  18). Needle placement is confirmed via E-stim 
resulting in isolated great toe flexion or via EMG with audible motor unit action 
potentials.

Botulinum Toxin Injections for Muscle Spasticity
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 Injection of FHL, Ultrasound Guidance

The US probe is placed short-axis the posterior leg around the halfway point 
between the knee and the ankle, distal to the distal edge of the gastrocnemius 
(Fig. 16). FDL is located just posterior to the fibula (Fig. 18). The location of the 
fibular artery should be noted and avoided. Needle insertion is as described above 
with the E-stim/EMG guided FHL injection.

 Potential Complications and Adverse Effects

Although generally well tolerated by patients, occasional adverse reactions and 
complications can occur which the clinician should be aware of when performing 
these procedures (Table 6). Generally, adverse reactions occur within the first few 
weeks following injection and, while generally transient, may have duration of 
several months or longer. Localized pain, infection, inflammation, tenderness, 
swelling, erythema, and/or bleeding/bruising may be associated with the injec-
tions. Symptoms associated with flu-like symptoms (e.g., nausea, fever, myalgia) 
have also been reported. Needle-related pain and/or anxiety may result in vasova-
gal responses (e.g., syncope, hypotension), which may require appropriate medical 
therapy [3].

Table 6 Additional potential complications and adverse effects [3]

– Spread of toxin effect
     Can be observed hours to 

weeks after injection

–  Effects may be observed beyond the site of local 
injection—generalized muscle weakness, diplopia, 
ptosis, dysphagia, dysphonia, dysarthria, urinary 
incontinence, breathing difficulties

– Hypersensitivity reactions –  Anaphylaxis, serum sickness, urticaria, soft tissue 
edema, dyspnea

–  Increased risk of clinically 
significant effects with 
pre-existing neuromuscular 
disorders

–  Generalized muscle weakness, diplopia, ptosis, 
dysphonia, dysarthria, severe dysphagia, respiratory 
compromise

–  Dysphagia and breathing 
difficulties

–  Patients with pre-existing swallowing or breathing 
difficulties may be more susceptible

–  Serious adverse reactions with 
unapproved use

–  Excessive weakness, dysphagia, aspiration 
pneumonia

     May have resulted from administration to the site of 
injection and/or adjacent structures
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Clinical and Technical Pearls
• Spasticity can be beneficial for function, and botulinum toxin-associated 

paralysis can lead to further dysfunction; if there are concerns about func-
tional sequelae of treatment, coordinate care with a physiatrist.

• Identifying and documenting the upper motor neuron lesion causing the 
spasticity is necessary, including for pre-authorization and billing purposes.

• Guidance modalities (E-stim, EMG, and/or US) for botulinum toxin injec-
tions should be chosen based on the provider’s comfort level with a given 
modality, but some type of guidance modality is recommended.

• Ergonomics for the provider for these injections, especially when using US 
guidance, requires significant planning to accommodate spastic posturing.

• Spasms during the procedure create unique safety challenges for all 
involved; the provider should plan for the patient’s limb to spasm with 
every needle insertion and with every use of E-stim.
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Intra-Articular Hip Injections

Mohamed Attia and Mowafak Abdelghani

Essential Concepts
• Osteoarthritis of the hip is a common problem for the elderly population 

and increases with age. The incidence is 1 in 4 above 85 years old.
• Prior to the diagnosis of hip OA, it is important to exclude other patholo-

gies including lumbar spine pathology and radiculopathy, patients may 
also present with ipsilateral knee OA in addition to hip OA due to weight 
bearing problems.

• Total hip replacement provides a successful intervention in end stage hip 
arthritis, however this is preceded with years of pain and inability to per-
form activities of daily living.

• At the bedside, intraarticular injections can be performed via landmark or 
ultrasound techniques. Ultrasound technique is thought to have less risk of 
adverse events.

• Complications from use of corticosteroids include accelerated osteoarthri-
tis, subchondral insufficiency fractures, and rapid joint destruction with 
bone loss.
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1  Intra-Articular Hip Joint Injections

 Overview

Osteoarthritic pain is typically aggravated by mobility and daily activities and is 
often relieved by rest. The pain is usually confined to the hip joint itself, however in 
some patients pain can be referred the thigh [1, 2]. An atypical presentation may 
also include pain in the knee. Pain is usually intermittent in the early stages of the 
disease but becomes more frequent and severe as the disease progresses. There is a 
poor correlation between the severity of disease based on plain X-ray changes and 
symptoms of pain [1, 3].

The principal pathologic feature of OA is articular cartilage loss which is identi-
fied as reduction in joint space on plain X-ray films [4, 5]. Structural changes such 
as loss of joint cartilage, bone marrow lesions, synovial thickening (synovitis) and 
knee effusion all contribute to pain intensity. These findings are best visualized by 
magnetic resonance imaging which provides greater detail regarding hip joint 
pathology [6, 7].

 Indications and Contraindications

Common indications for intra-articular hip injections include hip joint pain, inflam-
matory or degenerative osteoarthritis. The injections can be performed for diagnos-
tic or therapeutic purposes [5] (Table 1).

Common contraindications include infection at the planned injection  
site, sepsis, allergy or intolerance to injectate or its components, and patient 
refusal. Coagulopathy, including iatrogenic, and platelet dysfunction, including 
iatrogenic, and not considered to be contraindications for intra-articular hip 
injections.

Table 1 Intraarticular hip injections indications and contraindications [5]

Indications Techniques Contraindications
1. As a diagnostic test for hip joint pain
2.  To help determine the likelihood of 

achieving pain relief with hip arthroplasty
3.  When surgical intervention is not a viable 

option and pain relief is desired
4.  In young patient population with hip 

prothesis

Landmark 
technique
Ultrasound- 
guided

Absolute:
Patient refusal
Systemic infection
Local infection (cellulitis) at 
site of injection
Joint fracture
Prosthetic joint
Coagulopathy
Relative:
Anticoagulation therapy
Joint instability
Poorly controlled diabetes
Adjacent skin abrasions
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 Clinical Anatomy

The hip joint is a ball and socket diarthrodial joint with point of articulation between 
the head of the femur and the acetabulum of the pelvis.

The hip joint acts as the dynamic support system of the upper body and trunk 
while facilitating force and load transmission from the axial skeleton to the lower 
extremities, allowing mobility.

The hip joint receives sensory innervation from the femoral, obturator, and supe-
rior gluteal nerves. Nerve fibers of the hip capsule appear to persist or proliferate in 
pathological states, thus can be found in the capsular complex of individuals 
with OA.

The profunda femoris is a branch of the femoral artery which travels posteriorly 
to give rise to the medial circumflex and lateral circumflex femoral arteries which 
supply the head of the femur. The profunda femoris is a branch of the femoral artery 
which travels posteriorly. There is an additional contribution from the foveal artery 
(artery to the head of the femur), a branch of the posterior division of the obturator 
artery, which travels in the ligament of the head of the femur [2, 8, 9].

 Equipment and Supplies

Intra-articular hip injections can be easily at the bedside. An antiseptic solution, 
typically chlorhexidine, 20–22 Gauge 3.5-in. needle, 5–10 mL syringe for injectate, 
mask, and sterile gloves should be typically prepared for this procedure. Local anes-
thetic with or without corticosteroids is typically prepared for this injection as well. 
Other types of injectates will be discussed further in the chapter. Normal saline or 
local anesthetic can be utilized for ultrasound guidance during hydrolocalization. 
An ultrasound unit with a high-frequency linear transducer will be typically needed 
(Table 2).

 Landmark Technique

The landmark technique aims at piercing the hip capsule at any point on the antero-
lateral surface of the femoral head or neck below the acetabular rim down to the 
inter-trochanteric line.

Table 2 Required supplies for intraarticular hip injection

Syringe 5 or 10 mL
Needle 25 Gauge 1.5 in. needle for local anesthesia of the skin anesthesia over skin 

injection site
20–22 Gauge spinal needle 3.5 in.

Anesthetic 1% Lidocaine
Corticosteroid Dexamethasone 4 mg (t1/2 life: 36–54 h)

Methylprednisolone 40 mg (t1/2 life: 18–36 h)

Intra-Articular Hip Injections
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 The Lateral Approach Landmarks
The patient lies supine with the limb in neutral rotation (patella facing forward). 
Two points, the tip of the greater trochanter and the anterior superior iliac spine 
(ASIS) are marked (u shaped lines); a red line drawn between them (Fig. 1).

At the junction between the upper third and lower two-thirds of this red line lies 
the “soft-spot” (one can feel the anterior border of the gluteus medius); this is 
marked as point A (needle entry point).

 The Anterior Approach Landmarks
The patient lies supine with limb in neutral position (patella facing forward). Two 
lines are then drawn: line 1 from the ASIS distally toward the upper pole of the 
patella and line 2 perpendicular to it from the tip of the greater trochanter anteri-
orly. The intersection point is point B which is the entry point for the anterior 
approach [4].

Lidocaine 1% can be used for local skin analgesia. A mixture of 6 mL is prepared 
in a 10 cc syringe formed of 5 mL bupivacaine 0.25% and 1 mL of 40 mg/mL of 
methylprednisolone if steroids are the injectate of choice or hyaluronic acid 2 mL 
(16 mg/2 mL) as an alternative injectate of choice.

Fig. 1 Intra-articular hip injection, landmark technique. Right hip in supine position with antero-
lateral view. The ASIS and the greater trochanter are palpated and demarcated. Point A is the soft- 
spot entry point at the junction of the upper third and lower two-thirds of the imaginary line 
between the ASIS and tip of the greater Trochanter, point B is the meeting of both lines and is the 
target point in the coronal plane. Reprinted with permission from Massed and Said [4]
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The lateral approach is safer in comparison to the anterior approach. A study by 
Kruse et al. reported that there is greater likelihood of injury to the neurovascular 
bundle via an anterior as opposed to lateral technique (anterior approach the needle 
contacted or pierced the femoral nerve 27% of the time and was within 5 mm of the 
nerve 60% of the time vs no needle coming within 25 mm neurovascular structures 
when using the lateral approach [5].

While not available at the bedside, in this case, fluoroscopy image was taken to 
confirm needle position with landmark technique (Fig. 2).

Fig. 2 Intra-articular hip injection, landmark technique. The X-ray was performed to verify the 
position of the needle that was advanced using landmark technique. Right hip with anterior-to- 
superior fluoroscopic view, showing the position of the needle under the C-arm. The needle is 
touching bone of the neck, which ensures that it has passed through the capsule of the hip joint. 
Fluoroscopic image was taken to verify the position of the needle that was originally placed using 
landmark technique [4]

Intra-Articular Hip Injections
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The use of anatomic landmarks, even at the bedside, is not considered a desirable 
technique given the increasingly easy access to ultrasonographic guidance which 
can help to minimize adverse effects.

 Ultrasound-Guided Technique

Ultrasound-guided technique is preferable for intra-articular hip injections. A low- 
frequency curvilinear probe is placed parallel to the inguinal ligament and used to 
identify the femoral artery and vein. The probe is then moved laterally to just above 
the femoral head and rotated to an oblique sagittal position so that the probe marker 
is aimed towards the umbilicus.

The probe position should be in line with the anterior femoral head or neck and 
a clear view of the redundant portion of the anterior hip capsule (anterior recess) at 
the junction of the femoral neck and femoral head is obtained.

The overlying neurovascular bundle containing the ascending branch of the lat-
eral femoral circumflex artery should be visualized by color Doppler.

 Needle Insertion Technique and Injection
Similar to the landmark technique, local skin analgesia is provided by injecting lido-
caine 1%. A 6 mL mixture of 5 mL bupivacaine 0.25% and 1 mL of 40 mg/mL of 
methylprednisolone if steroids are the injectate of choice or hyaluronic acid “Synvisc” 
2 mL (16 mg/2 mL) as an alternative injectate of choice is prepared in a 10 cc syringe 
formed. A 22-Gauge 10 mm spinal needle is used in an in-plane approach under real-
time ultrasound guidance to the anterior capsular recess (Fig. 3a).

After visualizing the needle tip at the joint capsule, 1–2 mL of the solution is 
slowly injected under low pressure. Successful targeting of the joint space is con-
firmed by spread of anechoic fluid under the iliofemoral ligament within the ante-
rior capsular recess (Fig. 3b) [6, 7].

The ultrasound-guided technique is the preferred technique for injecting hyaluronic 
acid to avoid extra-articular placement. The ultrasound-guided technique is likely help-
ful in the prevention of complications, including vascular or neural injury [8].

a b

Fig. 3 Intra-articular hip injection, ultrasound-guided technique. (a) Proper probe positioning and 
in-plane needle insertion. (b) Depicts the needle tip entering the hip joint capsule. Reprinted with 
permission from Bardowski and Byrd [7]
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 Potential Complications and Adverse Effects

There is a significant risk for injury to the femoral nerve, femoral artery, and lateral 
femoral cutaneous nerve during injection of the hip joint.

There is also the potential for a high rate of extraarticular injection.
Adverse effects related to the hip joint injection include:

• Septic arthritis.
• Osteonecrosis.
• The risk of joint infection after total hip replacement.

Adverse effects related to steroid injection into the hip joint include:

• Accelerated osteoarthritis.
• Subchondral insufficiency fractures.
• Rapid joint destruction with bone loss [9].
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Clinical and Technical Pearls
• A lateral approach landmark technique is considered safer than an anterior 

approach because it has decreased risk of injury to the femoral sheath 
structures.

• Ultrasound guidance is safer than landmark technique in visualizing vas-
culature (femoral artery, vein) and nerves (femoral nerve and lateral cuta-
neous nerve of the thigh) surrounding the hip joint.

• The presence of clinically suspected hip pain does not also correspond to 
degree of OA on radiographs.

• Avoid steroid injections 2 months prior to any planned total hip arthroplasty.
• Adequate sterile technique is essential in avoiding any joint infections post 

intervention.
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Hip: Periarticular Injections

Anita M. Lowe Taylor and Eugene Yousik Roh

Essential Concepts
• Peri-articular injections are an effective intervention used to diagnose and 

treat a variety of pathologies around the hip, including bursitis and minor 
tendinopathies.

• Ultrasound guidance improves accuracy and can help visualize and avoid 
neurovascular structures.

• Injections can be diagnostic (i.e. to confirm a particular structure as a pain 
generator), therapeutic (i.e. to reduce pain and inflammation), or a combi-
nation of both.

• Goals for therapeutic injections can include immediate and long-term pain 
relief, decreased reliance on systemic medications when appropriate, and 
improved tolerance of physical therapies.

• The mechanism of action is the result of local inhibition of the inflamma-
tory immune response.
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1  Trochanteric Bursa Injection

 Overview

Greater trochanteric pain syndrome (GTPS) refers to inflammation of the trochanteric 
bursa and surrounding structures, including the hip abductor tendons and iliotibial band. 
It is one of the most common causes of lateral hip pain, occurring in an estimated 15% 
of adult women and 6.6% of men [1, 2]. It is characterized by lateral hip pain with ambu-
lation and focal tenderness over the lateral hip [2]. Non-surgical treatments include non-
steroidal anti-inflammatory drugs (NSAIDs) and physical therapy. Ultrasound or 
landmark guided corticosteroid injections into the greater trochanteric bursa can be used 
to reduce inflammation and pain and improve tolerance of physical therapy.

 Indications and Contraindications

GTPS refers to lateral hip pain and encompasses greater trochanteric bursitis, gluteus 
medius and minimus tendinopathies, and external coxa saltans (i.e. snapping hip syn-
drome) [2]. GTPS is thought to be caused by friction of the iliotibial (IT) band over 
the greater trochanter of the femur, leading to microtrauma of the gluteal tendons, and 
weakness of the hip abductors [3]. Tightness of the IT band and osteoarthritis of the 
lumbar spine, hip, or knee may lead to improper biomechanics and predispose patients 
to the condition [1]. Corticosteroid injections reduce pain at 1 and 3 months and are 
indicated for patients that have failed conservative management with NSAIDs and 
physical therapy, have contraindications to these treatments, or who are intolerant of 
therapy due to pain [4]. Diagnostic injections with local anesthetic can help differenti-
ate true weakness from pain mediated weakness (Table 1).

Common contraindications include infection at the planned injection site, or 
severe systemic infection, allergy or intolerance to injectate or its components, and 
patient’s refusal. Coagulopathy, including iatrogenic, and platelet dysfunction, 
including iatrogenic, are typically not considered as contraindications.

 Clinical Anatomy

The greater trochanter of the femur has four facets which serve as the attachment 
sites of the gluteus minimus (anterior facet) and gluteus medius (superior and lateral 
facets) tendons (Fig. 1).

Table 1 Diagnostic features of GTPS [3, 5]

A. Pain over the lateral hip
B. Tenderness to palpation over the greater trochanter of the femur
C. Pain or weakness with resisted hip abduction and external rotation
D.  Ultrasound or MRI may be used to rule out alternative pathologies and evaluate for gluteus 

medius and/or minimus tendinopathies
E. Symptoms are not better accounted for by an alternative diagnosis

A. M. Lowe Taylor and E. Y. Roh
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Fig. 1 Facets of the greater trochanter with gluteal muscle attachment sites and locations of the 
subgluteus medius, subgluteus minimus, and trochanteric bursae, as labeled. (Reprinted with per-
mission from “Partial-Thickness Tears of the Gluteus Medius: Rationale and Technique for Trans- 
Tendinous Endoscopic Repair” by Benjamin G. Domb, Rima Michel Nasser, and Itamar B. Botser, 
2010. Arthroscopy: The Journal of Arthroscopic & Related Surgery, volume 26, pages 1697–1705. 
Copyright 2010 by Elsevier)

Four bursae have been described surrounding the greater trochanter, the primary 
of which is the subgluteus maximus bursa [5]. The subgluteus maximus bursa dem-
onstrates variability between subjects, but is generally located between the posterior 
facet and the gluteus maximus muscle [6]. The gluteus medius and minimus mus-
cles are innervated by the superior gluteal nerve, which stems from the sacral plexus 
from ventral divisions of L4, L5, and S1 and are supplied by the superior gluteal 
artery, which accompanies the superior gluteal nerve [7].

 Equipment and Supplies

Greater trochanteric bursa injections are easily performed at the bedside. Typically, 
a small syringe with a 22–25-gauge, 2–3.5 in. needle is utilized to inject 1–2 mL of 
anesthetic solution (usually 1% lidocaine or 0.5% ropivacaine) with or without a 
corticosteroid. Corticosteroid choices typically include 40  mg of triamcinolone, 
40 mg DepoMedrol, or 6 mg of betamethasone. Injections may be performed based 
on landmark or ultrasound guidance (Table 2).

 Greater Trochanteric Bursa Injection, Landmark Technique

The patient should be positioned on their side with the affected side upright. The 
bony prominence of the greater trochanter is located by palpating along the proxi-
mal aspect of the femur. This should correspond to the point of maximal tenderness. 
The needle is inserted perpendicular to the skin over the greater trochanter and 
advanced until it contacts bone, then withdrawn several millimeters. Aspirate prior 
to injection to ensure the needle is not intravascular [8].
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Table 2 Required supplies for greater trochanteric bursa injections [26, 27]

Syringe 5 mL
Needle 22–25 gauge, 2–3.5 in.
Anesthetic 0.5% Ropivacaine

1–2% Lidocaine
Or Lidocaine/bupivacaine combination: usually 1:1 ratio

Corticosteroid Triamcinolone 20–40 mg (t1/2 life: 12–36 h), betamethasone 6 mg (t1/2 life: 
36–72 h), methylprednisolone 40 mg (t1/2 life: 12–36 h)
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a b

Fig. 2 Cross sectional hip anatomy. (a) Demonstrates the femoral head within the acetabulum 
with surrounding structures including the iliopsoas muscle (I) and bursa (IB), and gluteus maximus 
(GMax), medius (Gmed), and minimus (Gmin) muscles with their underlying bursae. (b) Shows 
the ischiogluteal bursae where it lies between the ischial tuberosity (IT), proximal hamstring inser-
tions (H), and gluteus maximus

 Ultrasound Technique

 1. Patient position: Decubitus (side lying) with the affected side upright.
 2. Transducer type: For normal body habitus patients, use a medium-frequency 

linear array. For larger body habitus patients, use a curvilinear array.
 3. Probe placement: Position the probe in a transverse plane compared to the 

body. Visualize the anterior, lateral, and posterior facets of the greater trochanter, 
and identify the gluteus medius and minimus tendon attachments. The bursa will 
be slightly posterior to the border of the posterior and lateral facets.

 4. In plane: The injection is performed in plane to visualize the needle trajectory 
and confirm placement within the bursa.

 5. Needle placement: The needle should be inserted in plane (longitudinal to the 
transducer) using a posterior to anterior anatomical approach. The needle angle 
should be adjusted to ensure its trajectory towards the target, and then advanced 
until the target is reached (Figs. 2 and 3).

A. M. Lowe Taylor and E. Y. Roh



679

a b

Fig. 3 (a) Transducer and needle position for axial greater trochanteric bursa injection. The nee-
dle is introduced in plane with the transducer from posterior to anterior. (b) Axial (short axis) view 
of the greater trochanter (GT) and surrounding structures. For greater trochanteric bursa injections, 
the needle (lines) is placed between the posterior facet (PF) and the gluteus maximus (Gmax). The 
needle is placed between the lateral facet (LF) and gluteus medius (Gmed) for subgluteus medius 
bursa injections, and between the anterior facet (AF) and gluteus minimus (Gmin) for subgluteus 
minimus injections

2  Ischial Tuberosity Injections

Ischiogluteal bursitis, also known as “weavers bottom,” refers to inflammation of the 
ischiogluteal bursa and is characterized by pain over the ischial tuberosity from pro-
longed sitting on hard surfaces [9]. Pain over the ischial tuberosity may also result 
from proximal hamstring tendinopathies, which are often the result of repetitive 
stress injuries [10]. Imaging such ultrasound or magnetic resonance imaging (MRI) 
may be used to differentiate between these entities, determine the grade of hamstring 
strain if present, and rule out alternative diagnoses [9, 10]. Ultrasound guided corti-
costeroid injections can be used to reduce inflammation and pain and improve toler-
ance of physical therapy [10–12]. Injection of platelet rich plasma (PRP) for proximal 
hamstring tendinopathies has also been described in the literature [13].

 Indications and Contraindications

Ischiogluteal bursitis is a cause of low buttock pain that results from prolonged sit-
ting on hard surfaces, and is characterized by pain with direct pressure over the 
ischial tuberosity [9, 14]. Fluid in the bursa may be visualized on ultrasound or 
MRI, and corticosteroid injections may be used to decrease inflammation and pain.

Proximal hamstring tendinopathies result from repetitive activities and are 
increasingly being recognized as a source of chronic low buttock pain [10, 11]. 
Symptoms may be exacerbated by passive hip flexion, which stretches the ham-
strings, or resisted knee flexion, which activates the hamstrings. Patients may have 
a positive supine plank, Puranen-Orava, or bent knee stretch test [11]. Initial treat-
ment includes activity modification, ice, NSAIDs, and physical therapy. 

Hip: Periarticular Injections
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Table 3 Diagnostic features of ischiogluteal bursitis and proximal hamstring tendinopathies 
[10, 11, 28]

A. Pain to palpation over the ischial tuberosity
B.  Pain may be exacerbated by passive hip flexion or activation of the hamstring muscles with 

resisted knee flexion. Patients may have a positive supine plank, Puranen-Orava, or bent 
knee stretch test

C.  Ultrasound or MRI may be used to visualize fluid in the ischial bursa, rule out alternative 
pathologies, and grade suspected proximal hamstring tendinopathies

D. Symptoms are not better accounted for by an alternative diagnosis

Corticosteroid injections may decrease pain and increase athletic participation, and 
are indicated for patients that have failed conservative management or have intoler-
able pain [10–12] (Table  3). Contraindications are the same as for injections 
described above in this chapter.

 Clinical Anatomy

The ischial bursa is an inconsistent adventitious bursa located deep to the gluteus 
maximus muscle and superficial to the common hamstring origin over the ischial 
tuberosity [9, 15, 16]. It may be difficult to differentiate peritendinous edema from 
true bursitis. The ischial tuberosity is the proximal attachment site of the semimem-
branosus, semitendinosus, and long head of the biceps femoris, which act as knee 
flexors and hip extensors. The sciatic nerve may be identified overlying the quadra-
tus femoris by scanning the transducer laterally [16] (Fig. 4).

 Equipment and Supplies

Ischiogluteal bursa injections are easily performed at the bedside. Typically, a small 
syringe with a 22–25 gauge, 3.5 in. needle is utilized to inject 4 mL of local anes-
thetic solution and 1 mL of corticosteroid. Anesthetic solution usually consists of 
the local anesthetic lidocaine or bupivacaine, or a combination of the two. Injections 
may be performed based on landmark or ultrasound guidance (Table 4).

 Ischiogluteal Bursa Injection, Landmark Technique

The patient should be positioned in a prone or decubitus position with the affected 
side up. Palpate the ischial tuberosity and direct the needle perpendicular to the skin 
towards the target. Once the needle touches bone, withdraw several millimeters to 
locate the bursa. Ensure that the patient is not experiencing paresthesias that might 
indicate contact with the sciatic nerve. If this occurs, withdraw and redirect the 
needle medially. Aspirate to verify that the needle is not intravascular prior to inject-
ing. If there is resistance during injection, withdraw slightly and redirect to ensure 
the needle is not within a ligament or tendon.

A. M. Lowe Taylor and E. Y. Roh
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Gluteus medius

Gluteus
maximus

Ischial bursa
Between gluteus

maximus and
ischial tuberosity

Tensor fascia lata

Trochanteric bursa
Between greater
trochanter and
gluteus maximus

Gluteofemoral bursa
Between IT band
and vastus lateralis

Fig. 4 Anatomy of posterior hip including the ischiogluteal and greater trochanteric bursae, as 
labeled. The gluteus maximus and medius muscles are retracted

Table 4 Required supplies for ischial bursa and proximal hamstring peritendinous injections 
[26, 27]

Syringe 5 mL
Needle 22–25 gauge

3.5 in.
Anesthetic 0.5% Ropivacaine

1–2% Lidocaine
Lidocaine/bupivacaine combination: usually 1:1 ratio

Corticosteroid Triamcinolone 20–40 mg (t1/2 life: 12–36 h), betamethasone 6 mg (t1/2 life: 
36–72 h), methylprednisolone 40 mg (t1/2 life: 12–36 h)

 Ultrasound Technique

 1. Patient position: Prone or decubitus (side lying) position with the affected side 
up and hips and knees flexed.

 2. Transducer type: Curvilinear array.
 3. Probe placement: Position the probe in a transverse plane over the ischial tuber-

osity. Visualize for any fluid in the ischiogluteal bursa. Care should be taken to 
identify and avoid the sciatic nerve where it travels laterally over the quadratus 
femoris.
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Fig. 5 Ischial tuberosity and surrounding structures. Ultrasonogram, as labeled. Ensure that the 
sciatic nerve is not within the needle trajectory prior to injecting. Dashed line—needle trajectory

 4. In plane: The injection is performed in plane to visualize the needle trajectory 
and confirm placement within the bursa.

 5. Needle placement: The needle should be inserted in plane (longitudinal to the 
transducer) using a lateral to medial or distal to proximal anatomical approach. 
The needle angle should be adjusted to ensure its trajectory towards the target, 
and then advanced until the bursa is reached (Fig. 5).

3  Iliopsoas Bursa Injections

Relatively common among athletes that perform activities with repetitive hip flex-
ion and external rotation, iliopsoas bursitis is characterized by deep groin pain and 
tenderness to palpation over the iliopsoas muscle. In rare cases, a palpable mass 
over the femoral triangle or compressive symptoms may be present [17, 18]. Pain is 
exacerbated by hip extension and resisted hip flexion. Dynamic ultrasound may be 
used to visualize snapping of the iliopsoas tendons over adjacent structures (coxa 
saltans), and to evaluate for fluid in the iliopsoas bursa [19]. Non-surgical treatment 
includes NSAIDs and physical therapy. Ultrasound guided corticosteroid injections 
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Table 5 Diagnostic features of iliopsoas bursitis [18, 19]

A. Pain over the anterior groin, with or without palpable mass
B. Positive Stinchfield or Thomas test
C. Weakness of hip external rotation when the hip is in flexion
D.  Positive snapping maneuver (palpable or audible snap as a flexed, abducted, and externally 

rotated hip is passively brought into extension)
E. Symptoms are not better accounted for by an alternative diagnosis

into the iliopsoas bursa can be used to reduce inflammation and pain and improve 
tolerance of physical therapy.

 Indications and Contraindications

Iliopsoas bursitis may be associated with rheumatoid arthritis, acute trauma, over-
use injuries, or after hip replacement. An anteriorly located prosthetic acetabular 
cup can create friction on the adjacent iliopsoas tendon [20]. Overuse injuries 
result from repetitive hip flexion with external rotation and may be caused by snap-
ping of the iliopsoas muscle over the iliacus muscle, anterior inferior iliac spine, 
iliopectineal eminence, or bony ridge of the lesser trochanter [18, 20]. Infection, 
hardware complications, and lumbar pathology must be excluded prior to injection 
[20]. Corticosteroid injection may provide pain relief even in the absence of snap-
ping tendinopathy or evidence of bursitis on ultrasound in patients clinically sus-
pected of having iliopsoas bursitis, and are indicated for patients who have failed 
conservative measures [19]. Injections may provide both diagnostic and therapeu-
tic roles prior to consideration of iliopsoas tenotomy or hip revision surgery [20] 
(Table 5).

Contraindications are the same as for injections described above in this chapter.

 Clinical Anatomy

The tendons of the psoas and iliacus muscles merge into the iliopsoas tendon, which 
travels anteriorly over the hip capsule and pelvic brim before inserting anteromedi-
ally on the lesser trochanter of the femur. The iliopsoas muscle acts as a hip flexor 
and femur external rotator. Located between the musculotendinous junction of the 
iliopsoas muscle and the pelvic brim in the anterior hip, the iliopsoas bursa is the 
largest bursa in the body [18]. In about 14% of adults, the bursa is in continuity with 
the hip joint capsule [21]. The femoral neurovascular bundle lies just medial and 
superficial to the iliopsoas muscle and tendon, and care should be taken to avoid this 
structure during injections [17] (Fig. 6).
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Iliacus muscle

Lateral femoral
cutaneous nerve

Ascending branch of
the lateral circumflex

femoral artery

Femoral nerve,
artery, and vein

Psoas major
muscle

Iliopsoas muscle

Fig. 6 Anatomy of the iliopsoas muscle and underlying bursa, as labeled. Note the proximity to 
the femoral neurovascular bundle

Table 6 Required supplies for iliopsoas bursa injections [26, 27]

Syringe 5 or 10 mL
Needle 25, 27 gauge

3.5 in.
Anesthetic 0.5% Ropivicaine

1–2% Lidocaine
Lidocaine/bupivacaine combination: usually 1:1 ratio

Corticosteroid Triamcinolone 20–40 mg (t1/2 life: 12–36 h), betamethasone 6 mg (t1/2 life: 
36–72 h), methylprednisolone 40 mg (t1/2 life: 12–36 h)

 Equipment and Supplies

Iliopsoas bursa and peritendinous injections are easily performed at the bedside. 
Typically, a small syringe with a 25 gauge, 3.5 in. needle is used for injection, while 
a 18–20 gauge needle can be used for aspiration. For injections, 3–5 mL of a local 
anesthetic solution (usually lidocaine or bupivacaine) can be mixed with 1 mL of 
corticosteroid. Ultrasound guidance can improve accuracy and ensure avoidance of 
the femoral vessels (Table 6).
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a b

Fig. 7 (a) And and needle orientation for axial iliopsoas bursa injection. The needle is introduced 
in plane with the transducer from lateral to medial to avoid the femoral neurovascular bundle. (b) 
Axial (short axis) view of the iliopsoas tendon and surrounding structures. Ultrasonogram, as 
labeled. Visualize and avoid the femoral artery (FA) prior to injecting. IT iliopsoas tendon, dashed 
line—needle trajectory

 Iliopsoas Bursa Injection Ultrasound Technique

Due to its deep position and proximity to the femoral vessels, ultrasound guidance 
is recommended for iliopsoas bursa injections.

 1. Patient position: Supine
 2. Transducer type: Curvilinear array
 3. Probe placement: Position the probe in a transverse plane over the inguinal 

ligament just lateral to the femoral triangle. Visualize for any fluid in the bursa. 
Care should be taken to identify and avoid the femoral vessels and nerve where 
they lie medially.

 4. In plane: The injection is performed in plane to visualize the needle trajectory 
and confirm placement within the bursa.

 5. Needle placement: The needle should be inserted in plane (longitudinal to the 
transducer) using a lateral to medial anatomical approach (Fig. 7).

 Potential Complications and Adverse Effects

Although generally well tolerated by patients, occasional complications can occur 
when performing peri-articular hip injections. Aside from pain and minor medica-
tion side effects, adverse events are relatively rare, and include local bleeding and 
infection. Medication side effects include facial flushing (up to 15%), temporary 
elevation of blood glucose, osteonecrosis of nearby bone, and chondrotoxicity with 
repeat injections (0.7–3%) [22–25].

Contraindications include allergy to corticosteroids or local anesthetics, active 
infection over overlying skin or soft tissues, bacteremia, and septic arthritis. Relative 
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Table 7 Additional potential complications and adverse effects

–  Pressure should be applied to prevent hematoma production in patients with bleeding 
disorders or on anticoagulation. Risk of significant bleeding is low

–  Patient should be warned of the risk of lipodystrophy or skin atrophy (1.5–40%), or 
hypopigmentation (1.3–4%) that may occur around the injection site [25]

–  Patients should be counseled that there is a small risk of infection, including septic arthritis 
(0.01–0.03%) [22]

–  Local anesthetics have been shown to have dose and time dependent chondrotoxic effects 
[23]. Ropivacaine 0.5% has been shown to be less chondrotoxic than 1% lidocaine or 0.5% 
bupivacaine [24]

–  Patients receiving frequent corticosteroid injections are at risk for developing Cushing 
syndrome or adrenal insufficiency [29]. Injections should not be performed more frequently 
than every 6 weeks or more than three times per year. In addition, providers should ask 
about other exogenous steroid use prior to injections

–  Corticosteroid side effects include temporary facial flushing (up to 15%), temporary 
elevation of blood glucose, osteonecrosis of nearby bone, and chondrotoxicity with repeat 
injections (0.7–3%) [22]. Corticosteroids have rarely been associated with tendon 
degeneration and rupture [25]

Clinical and Technical Pearls
• Peri-articular hip injections can be used for the diagnosis and treatment of 

common musculoskeletal conditions. Patient should be informed of the 
risks of repeated corticosteroid injections, including a small risk of chon-
drotoxicity and tendon rupture.

• To minimize pain and intolerance, anesthetize the dermis and subcutane-
ous needle track with a 27 gauge needle and 2–3 mL of local anesthetic 
prior to the injection. Among local anesthetics, 0.5% ropivacaine has been 
shown to be less chondrotoxic than other agents including lidocaine and 
bupivacaine.

• Sterile technique, including sterile ultrasound probe cover, ultrasound gel, 
gloves, and setup, is recommended to minimize infection risk.

• Avoid injecting medications in tendons, as this may lead to tendon com-
promise. Inject peri-tendinously when treating tendinopathies.

• Care should be taken to avoid surrounding neurovascular structures, espe-
cially the sciatic nerve with ischial tuberosity injections and the femoral 
neurovascular bundle with iliopsoas injections. Ultrasound can assist the 
clinician in visualizing and avoiding these structures.

contraindications include uncontrolled diabetes mellitus, immunocompromised 
patients, corticosteroid injection within the last 6 weeks, or greater than 3 cortico-
steroid injections within the last 12 months [22, 25].

Other important complications and relevant considerations are presented in 
Table 7.
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Adductor Canal Block

Priyanka Singla and Paul C. DeMarco

1  Saphenous Nerve Block in the Adductor Canal

 Overview

The saphenous nerve (SN) provides sensory innervation to the medial aspect of the 
leg below the knee. This nerve can be blocked at multiple locations in the leg to 
provide effective analgesia for knee, lower leg, and foot/ankle surgeries. Various 
approaches to block this nerve above the knee include perifemoral, subsartorial, and 
transsartorial [1–4]. The most common and effective approach involves blocking 
the saphenous nerve in the adductor canal (AC). Because it is a small sensory nerve, 

Essential Concepts
• Saphenous nerve block in the adductor canal is an effective technique to 

provide analgesia for knee, foot and ankle surgeries. It also can be used for 
acute or chronic pain in the saphenous nerve distribution.

• It helps in early mobilization if used in the perioperative period. A major 
advantage of this block over other techniques that involve femoral nerve 
blockade is sparing motor blockade and potentially preserving quadriceps 
strength, thus allowing early active involvement in physical therapy and 
minimizing the risk of falls from imbalance postoperatively.

• Adductor canal block is technically easy to perform with ultrasound at the 
bedside and well-tolerated, and has relatively few side effects.
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the SN block can be technically challenging to block well without the use of ultra-
sound. The AC (SN) block along with a sciatic nerve block is most commonly used 
to provide analgesia and surgical anesthesia for knee surgeries, surgeries on the leg 
such as saphenous vein stripping and foot/ankle procedures.

 Indications and Contraindications

AC block is used to provide analgesia as well as anesthesia for lower extremity 
surgery. It also can be used for acute or chronic pain of various etiologies in the 
saphenous nerve distribution (Table 1). Contraindications include local or systemic 
infection, patient refusal, intolerance or allergy to injectate or its components. 
Shared decision making is required for patients with coagulopathy, including iatro-
genic, and platelet dysfunction.

 Clinical Anatomy

The AC is an intermuscular aponeurotic tunnel from the apex of the femoral triangle 
to an opening in the adductor magnus through which the femoral vessels reach the 
popliteal fossa [5, 6].

The boundaries of the AC include sartorius muscle anteriorly, vastus medialis 
muscle anterolaterally and adductor longus muscle posteromedially [5]. Contents of 
AC include the femoral vessels, SN, and the nerve to the vastus medialis muscle [7]. 
The obturator nerve may enter the distal part of the AC [7]. The SN originates from 
the posterior division of the femoral nerve in the femoral triangle as a sensory 
branch and traverses lateral to the femoral artery in the proximal AC [5, 8]. As it 
continues distally, the SN assumes a position anterior and then medial to the femo-
ral artery [8]. The SN provides sensory innervation to the medial side of the leg 
down to the foot along with infrapatellar branches to the knee joint [9] (Fig. 1).

Table 1 Indications and contraindications to the adductor canal block

Procedure Indications Techniques Contraindications
Adductor 
canal block

Analgesia and anesthesia for
–  Knee surgeries such as total knee 

arthroplasty
– Foot and ankle surgeries
– Saphenous vein stripping
–  Acute or chronic pain in the 

saphenous nerve distribution of 
other etiologies Diagnosis and 
treatment of saphenous nerve 
neuralgia and saphenous nerve 
entrapment [4]

Landmark 
technique
Ultrasound- 
guided

Patient refusal
Systemic or local 
infection
Coagulopathy is a 
relative contraindication
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a b

Fig. 1 Clinical anatomy, as labeled. (a) Dissection of front of thigh and adductor region. (1) 
Femoral nerve, (2) femoral artery and vein, (3) adductor longus muscle, (4) saphenous nerve, (5) 
adductor magnus muscle, (6) vastoadductor membrane and adductor canal with saphenous nerve 
and femoral artery and vein, (7) vastus medialis muscle, (8) vastus lateralis muscle, (9) sartorius 
muscle (With permission from Danilo Jankovic). (b) Cross-sectional depiction of the thigh. (1) 
Vastus lateralis muscle, (2) femur, (3) biceps femoris (short head), (4) biceps femoris (long head), 
(5) sciatic nerve, (6) adductor muscles, (7) femoral artery-nerve, (8) vastoadductor membrane, (9) 
saphenous nerve, (10) sartorius muscle, (11) vastus medialis muscle. (c) Depiction of medial thigh. 
(1) Lateral femoral cutaneous nerve, (2) femoral nerve, (3) saphenous nerve, (4) obturator nerve, 
(5) psoas major muscle, (6) vastus medialis muscle, (7) adductor longus muscle. (d) Medial view 
of cadaveric thigh. (1) Saphenous nerve (infrapatellar branch), (2) superior medial and inferior 
medial genicular arteries. (Reprinted with permission from Ghassemi J., Gray A.T. (2015) The 
Adductor Canal Block. In: Regional Nerve Blocks in Anesthesia and Pain Therapy. Springer, 
Cham. https://doi.org/10.1007/978- 3- 319- 05131- 4_63)

 Equipment and Supplies

The adductor canal block is an easy bedside procedure, most commonly done with 
the help of an linear (8–14 MHz) ultrasound. Typically, a small needle 25–30 gauge 
is used to anesthetize the skin and the tract of the block needle with 1–2% lidocaine. 
This is followed by insertion of the peripheral block needle under ultrasound guid-
ance. Anesthetic solution usually consists of the local anesthetic bupivacaine or 
ropivacaine, with or without a corticosteroid (Table 2).

Adductor Canal Block
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Table 2 Required supplies for adductor canal block

Syringe 10, 20 or 30 mL
Needle 80 mm 20–25 G echogenic peripheral block needle
Ultrasound Linear transducer, sterile probe cover, sterile acoustic coupling gel
Anesthetic 0.25–0.5% Bupivacaine

0.2–0.5% Ropivacaine
Corticosteroid Dexamethasone 4 mg

c d

Fig. 1 (continued)

 Adductor Canal Block, Landmark Technique

The landmark technique can be done blind as well as with the use of a peripheral 
nerve stimulator. The patient is placed in the supine position with the leg extended 
and elevated 5–10 cm [1]. The sartorius muscle is palpated just above the medial 
side of the patella [1]. The insulated needle is inserted 3–4 cm superior and 6–8 cm 
posterior to the superomedial border of the patella [1]. The needle is directed slightly 
posteriorly and caudally at an angle of 45° to a depth of 3–5 cm until a paresthesia, 
referred to the medial malleolus, is elicited with a nerve stimulator at 0.6 mA or less 
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(2-Hz frequency and 0.1-ms duration) [1]. The landmark technique can be challeng-
ing as it is not easy to palpate the sartorius muscle, especially in obese patients [5].

 Ultrasound Technique

Ultrasound (US) guidance has shown to improve the success rate [9]. The patient is 
placed supine with the ipsilateral leg externally rotated and slightly abducted. After 
disinfecting the skin, a ultrasound probe can be placed over the junction of the 
middle and distal third of the anteromedial thigh which will enable visualization of 
the cross sectional view of the AC (Figs. 2 and 3).

Fig. 2 Probe position (NYSORA.com)

Adductor Canal Block
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a

b

Fig. 3 Cross-sectional schematics (a) and ultrasound image (b) of the adductor canal. Target, and 
structures to avoid, as labeled. Saphenous nerve (SaN), sartorius muscle (SM), vastus medialis 
muscle (VM), femoral artery (FA), femoral vein (FV), adductor magnus muscles (AMM), gracilis 
muscle (GM), medial retinaclar nerve (MRN). Ultrasonogram, as labeled (NYSORA.com)

The proximal beginning of the AC is identified at the point where the medial 
border of the sartorius muscle intersects the lateral border of the adductor longus 
muscle. The distal end of the AC is identified by the femoral vessels exiting at the 
adductor hiatus [6].

The superficial femoral artery (SFA) is identified with color flow Doppler. After 
a local skin wheel with lidocaine, the block needle is inserted in plane in a lateral to 
medial orientation and advanced towards the SFA until the needle tip is just anterior 
to the artery and deep to the sartorius muscle. Spread of local anesthetic (LA) after 
careful aspiration should be noticed around the artery [9] (Figs. 4 and 5).

 Potential Complications and Adverse Effects

AC block complications are rare. However, the clinician performing the procedure 
should be aware of the potential complications. Local anesthetic systemic toxicity 
(LAST) is a potential complication of any regional nerve block. Lower extremity 
blocks are often done in combination so the resultant cumulative dose of LA can 
predispose to LAST [8]. Symptoms can be delayed due to slow absorption of the 
drug [8]. It is important to monitor for metallic taste in the mouth, perioral tingling 
and numbness, and ringing in the ears. LAST eventually leads to seizures and car-
diovascular collapse. Perioperative neurologic symptoms can occur with intrafas-
cicular injection [8]. Particular attention should be paid to paresthesia and injection 
pressures. There can be prolonged saphenous distribution numbness or paresthesias 
(complete or patchy in nature). As with any procedure involving needles, there is a 
risk of bleeding and infection.
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a

b

c

Fig. 4 Ultrasonogram, serial images demonstrating adductor canal block, as labeled. Serial sono-
grams demonstrating adductor canal block. Panel (a) baseline sonogram prior to injection (pre- 
scan). The saphenous nerve (long yellow arrow) lies deep to the sartorius muscle (SM) and 
hyperechoic vastoadductor membrane (white arrow) and is adjacent to the superficial femoral 
artery (SFA); adductor longus muscle (AL). Panel (b) in-plane approach to adductor canal block 
(the needle is shown with white arrowheads). Panel (c) distributions after injection tracked distally 
in the thigh demonstrating local anesthetic surrounding the saphenous (long yellow arrow) and 
infrapatellar (short yellow arrow) nerves. VM vastus medialis. (Reprinted with permission from 
Ghassemi J., Gray A.T. (2015) The Adductor Canal Block. In: Regional Nerve Blocks in Anesthesia 
and Pain Therapy. Springer, Cham. https://doi.org/10.1007/978- 3- 319- 05131- 4_63)
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Fig. 5 Ultrasonogram, local anesthetic deposition around saphenous nerve. (Reprinted with per-
mission from Ghassemi J., Gray A.T. (2015) The Adductor Canal Block. In: Regional Nerve Blocks 
in Anesthesia and Pain Therapy. Springer, Cham. https://doi.org/10.1007/978- 3- 319- 05131- 4_63)

Clinical and Technical Pearls
• Adductor canal block along with sciatic nerve block can provide adequate 

analgesia and anesthesia for acute and chronic pain or surgical procedures 
of the foot and ankle.

• Patients should be educated about possible motor weakness and mobiliza-
tion with assistance after surgery.

• Avoid large volume of LA to prevent partial motor blockade from proximal 
spread to the femoral artery.

• The nerve block should be done with US guidance and as distal as possible 
in adductor canal.
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Sciatic Nerve Blockade

Drew Jensen and Ashley Shilling

1  Overview

The sciatic nerve is the largest peripheral nerve in the body and originates from the 
sacral plexus, specifically the ventral rami of the L4–S3 nerve roots. Although 
called the sciatic nerve, this nerve is largely composed of two distinct nerves (the 

Essential Concepts
• The sciatic nerve is the largest peripheral nerve in the body and provides 

the majority of sensation to the lower leg as well as providing innervation 
to the muscles of the lower leg and most of the hamstrings.

• Blockade of the sciatic nerve can be used to provide anesthesia for lower 
extremity procedures and analgesia for acute or chronic pain of the lower 
extremity.

• Many approaches to sciatic nerve blockade have been described, with the 
subgluteal and popliteal approaches being two common techniques to 
block the sciatic nerve.

• Whenever feasible, ultrasound guidance should be utilized when perform-
ing sciatic nerve blocks.
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tibial nerve and common peroneal nerve) which share a common connective tissue 
sheath from their point of origin in the sacral plexus until they diverge and separate 
at the level of the popliteal fossa [1]. The sciatic nerve provides most of the motor 
function and sensation to the lower leg. Given its long course in the posterior aspect 
of the thigh, many approaches to sciatic nerve blockade have been described [2]. 
Knowledge of anatomy and approaches to the sciatic nerve can make this nerve 
block useful for management of acute or chronic lower extremity pain.

2  Indications and Contraindications

Sciatic nerve blockade is useful when anesthesia or analgesia of the lower leg or 
posterior thigh is desired. Common indications include anesthesia and analgesia for 
foot and ankle surgery, lower leg surgery, lower extremity amputations, or as adjunct 
analgesia to knee surgery. Chronic lower extremity pain has also been treated with 
sciatic nerve blockade.

Absolute contraindications for performing a sciatic nerve block are similar for 
other peripheral nerve blocks, namely patient refusal and active infection at the 
nerve block site. Many relative contraindications exist and include coagulopathy, 
history of peripheral or central nervous system pathology, and aberrant or distorted 
anatomy. However, reports exist of successful sciatic nerve blockade in coagulo-
pathic patients and in patients with nervous system disease [1]. Informed consent 
should be obtained, when possible, prior to performing a sciatic nerve block, with 
particular attention paid to discussion of the risks associated with peripheral nerve 
blockade, namely bleeding, infection, risk of peripheral nerve injury, and local 
anesthetic systemic toxicity.

3  Clinical Anatomy

The sciatic nerve exits the pelvis through the greater sciatic foramen and enters the 
gluteal region, inferior to the piriformis. In the gluteal region, it descends inferiorly 
towards the posterior compartment of the thigh, passing between the bony land-
marks of the greater trochanter of the femur and the ischial tuberosity. Here, the 
sciatic nerve lies deep to the gluteus maximus muscle and superficial to the quadra-
tus femoris and superior and inferior gemellus muscles (Fig. 1).

In the posterior thigh, the sciatic nerve continues inferiorly towards the popliteal 
fossa, traveling on the dorsal surface of the adductor magnus and ventral surface of 
the long head of the biceps femoris, which passes obliquely across the sciatic nerve 
in a medial to lateral fashion. Upon reaching the popliteal fossa, the sciatic nerve 
branches into the common peroneal nerve and tibial nerve. Although this bifurca-
tion usually occurs above the popliteal fossa, anatomic variation does exist.

The sciatic nerve (via its terminal branches) provides sensation to the entirety of 
the foot, ankle, and leg below the knee, with the exception of the medial aspect of the 
lower leg and ankle which is supplied by the saphenous nerve, the terminal branch of 
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Fig. 1 Sciatic nerve 
anatomy. (a) Muscles in 
proximity to the sciatic 
nerve, as labeled. Gluteus 
maximus muscle overlying 
sciatic nerve is not shown. 
(b) Vascular structures 
around the sciatic nerve, as 
labeled

the femoral nerve. The terminal branches of the sciatic nerve also innervate the mus-
cles of the foot and lower leg. The sciatic nerve itself innervates most of the ham-
string muscles and gives off articular branches to both the knee and hip joint (Fig. 2). 
Of note, the skin of the posterior thigh is innervated by the posterior femoral cutane-
ous nerve and may not be anesthetized with proximal sciatic nerve blockade.
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Fig. 2 Sensory 
innervation of the posterior 
lower extremity, as labeled

4  Equipment and Supplies

While performing any peripheral nerve block, standard monitors including ECG, 
pulse oximeter, and blood pressure cuff should be used to monitor the patient 
throughout the block. Mild sedation, with either a benzodiazepine or opioid, while 
not preferable, could potentially be employed for patient comfort. The choice of 
local anesthetic and additives will depend on the patient and indication for the 
procedure, but often 10–30 cc of 0.2–0.5% ropivacaine or bupivacaine is used. An 
80–100 mm nerve block needle is usually sufficient to reach the sciatic nerve in 
most patients. A low-frequency curvilinear ultrasound probe is often used while 
performing proximal sciatic nerve blocks, while a high-frequency linear ultra-
sound probe is used for the popliteal approach to the sciatic nerve [3, 4]. Some 
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practitioners utilize nerve stimulation in-lieu of, or in addition to, ultrasound 
guidance.

5  Subgluteal Sciatic Nerve Block, Ultrasound Technique

The subgluteal approach to sciatic nerve blockade is best accomplished with the 
patient in the lateral decubitus position, with the side to be blocked superior [3, 5]. 
The hip and knee are flexed (Fig. 3).

The greater trochanter and ischial tuberosity are palpated and can be marked 
with a marking pen, along with a line connecting these two palpated structures. A 
point 2–4 cm caudal to the midpoint of this line often serves as a good approxima-
tion for the location of the sciatic nerve and can guide initial ultrasound probe 
placement [3, 5–7]. The lateral and posterior proximal thigh and gluteal area is 
prepped in a standard sterile fashion. With a low-frequency curvilinear ultrasound 

Fig. 3 Subgluteal sciatic nerve block. Ultrasound probe, needle, and patient positioning
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probe in a transverse orientation on the posterior thigh, the sciatic nerve can be 
found deep to the gluteus maximus and superficial to the quadratus femoris 
(Fig. 4).

Identification of the ischial tuberosity and greater trochanter with the ultra-
sound probe can help with sciatic nerve identification. The nerve appears hyper-
echoic and often flat or triangle-shaped [3, 5]. Using an in-plane technique, the 
nerve block needle is passed from lateral to medial, with the goal of placing the 
tip of the nerve block needle adjacent to the sciatic nerve in the fascial plane 
between the gluteus maximus and the quadratus femoris. After aspiration to 
ensure the needle has not inadvertently been placed intravascularly, local anes-
thetic is injected. Depending on needle placement, the sciatic nerve may move 
superficial or deep to the tip of the needle, so additional needle repositioning may 
be necessary. Local anesthetic volumes of 10–20 cc are usually sufficient for ade-
quate sciatic nerve blockade [3].

Fig. 4 Subgluteal sciatic nerve block. Ultrasonogram. White arrows point towards the sciatic 
nerve. The dotted line outlines the needle trajectory. The area within the blue dashed line indicates 
injectate used for hydrolocalization during the needle advancement towards the target. GT greater 
trochanter, GM gluteus maximus muscle, IT ischial tuberosity, QF quadratus femoris muscle
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6  Subgluteal Sciatic Nerve Block, Landmark Technique

Although ultrasound guidance is commonly used during sciatic nerve blocks and 
has benefits, sciatic nerve blockade can be accomplished by a landmark technique 
as well [1, 6]. Nerve stimulation is used for nerve localization and may be added to 
ultrasound techniques if the nerve is unclear. As described above, the patient is 
placed in the lateral decubitus position with hips and knees flexed. The gluteal 
region is prepped in a sterile fashion. The point of needle insertion will be the point 
described above, namely 2–4 cm caudal to the midpoint of the line connecting the 
greater trochanter and ischial tuberosity [6]. Needle insertion is perpendicular to the 
skin. The current in the nerve stimulator is set to 1.0 mA. The needle is advanced 
through muscle towards the sciatic nerve. As the needle approaches the nerve, stim-
ulation of the sciatic nerve via the nerve stimulator should elicit contraction of the 
hamstring muscles and motor response in the foot. The current through the nerve 
stimulator should be reduced until sciatic nerve stimulation is appreciated at 
0.3–0.5 mA; stimulation at currents greater than this can lead to an increased risk of 
block failure while stimulation at currents less than this could indicate intraneural 
needle placement [6, 8]. After negative aspiration, local anesthetic can be incremen-
tally injected. Sciatic nerve response should diminish after injection of local 
anesthetic.

7  Popliteal Sciatic Nerve Block, Ultrasound Technique

The popliteal approach to the sciatic nerve can be accomplished from a variety of 
patient positions, including supine, lateral, and prone [1, 2, 4, 5, 9]. The supine 
approach will be described. With the patient in the supine position, the lower leg is 
elevated on a leg rest. The lateral aspect of the of the lower thigh is prepped in a 
sterile fashion. A linear, high-frequency probe is placed in a transverse orientation 
at the popliteal crease (Fig. 5).

The sciatic nerve is identified just as it bifurcates into the tibial and common 
peroneal nerves, but with each nerve still enveloped in its common nerve sheath 
(Fig. 6).

This bifurcation often occurs several centimeters proximal to the popliteal crease 
between the semimembranosus and biceps femoris and posterolateral to the popli-
teal artery [1, 4, 5]. Under ultrasound guidance, the nerve block needle is introduced 
using an in-plane technique in a lateral to medial fashion towards the sciatic nerve. 
Ideal needle placement occurs with the tip of the needle within the common nerve 
sheath but between or outside the tibial and common peroneal nerves. Injection of 
local anesthetic (after aspiration) should demonstrate deposition of medication 
within the common nerve sheath and separation of the tibial and common peroneal 
nerves. Local anesthetic volumes of 15–30 cc are usually sufficient for adequate 
nerve coverage [1, 4].
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Fig. 5 Sciatic nerve block in the popliteal fossa. Ultrasound probe, needle, and patient 
positioning
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Fig. 6 Sciatic nerve block popliteal fossa. Ultrasonogram. Grey arrows point towards the needle. 
TN tibial nerve, CPN common peroneal nerve, ST semitendinosus muscle, SM semimembranosus 
muscle, BM biceps femoris muscle

8  Popliteal Sciatic Nerve Block, Landmark Technique

As mentioned previously, ultrasound is largely the standard of care when perform-
ing peripheral nerve blocks. However, the lateral approach to the sciatic nerve at the 
level of the popliteal fossa can be accomplished with a landmark-based technique 
with the assistance of nerve stimulation [9, 10]. The patient can be positioned simi-
larly to the ultrasound-guided approach as described above. Palpation of the lateral 
thigh will demonstrate a plane between the vastus lateralis and biceps femoris mus-
cles. The distal lateral thigh should be prepped in a sterile fashion. The initial point 
of needle insertion will be perpendicular to the skin in this muscular plane, approxi-
mately 8–10 cm proximal from the popliteal crease. As the needle is advanced, it 
should come into contact with the femur. At this point, the needle is withdrawn and 
redirected posteriorly behind the femur, at an angle approximately 30° from the 
perpendicular [10, 11]. Initial current on the nerve stimulator is set to 1.0 mA and 
the needle advanced along its new trajectory. Stimulation of the sciatic nerve will 
demonstrate plantar flexion or dorsiflexion at the ankle. The current on the nerve 
stimulator is decreased until sciatic nerve stimulation is apparent at 0.3–0.5 mA of 
current. After negative aspiration, local anesthetic is injected.

9  Potential Complications and Adverse Effects

As with any procedure, informed consent should be obtained and should include a 
discussion of complications associated with the procedure. As with other peripheral 
nerve blocks, complications of sciatic nerve block include bleeding, infection, or 
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block failure. Local anesthetic systemic toxicity is a rare but potentially deadly 
complication arising from systemic absorption of local anesthetic. Although rare, 
toxic doses of local anesthetics should be known and intralipid should be readily 
available whenever local anesthetics are administered. Of additional concern is the 
risk of peripheral nerve injury associated with peripheral nerve blocks. Although 
rare, a peripheral nerve injury to the sciatic nerve can be a devastating complication 
of sciatic nerve blockade [1].
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Clinical and Technical Pearls
• Whenever available, ultrasound guidance should be used to improve nee-

dle localization and provide direct visualization of local anesthetic spread 
around the sciatic nerve.

• Nerve stimulation can be used in combination with ultrasound guidance or 
by itself when ultrasound guidance is unavailable. Knowledge of nerve 
stimulation and interpretation of motor response to stimulation at various 
current intensities is necessary for performance of a sciatic nerve block 
with nerve stimulation localization.

• Aspiration should precede any injection of local anesthetic through a nerve 
block needle. The presence of blood on aspiration should prompt needle 
readjustment and injection of local anesthetic should not occur until a neg-
ative aspiration is visualized.

• If resistance on injection of local anesthetic is appreciated, the needle 
should be readjusted, as this can be indicative of intraneural needle place-
ment which can increase the risk of nerve injury.
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Lateral Femoral Cutaneous Nerve Block

Matthew R. Thames and Brett J. Elmore

1   Overview

Lateral femoral cutaneous nerve (LFCN) block provides analgesia to the lateral 
thigh, and is most commonly performed in conjunction with femoral nerve block-
ade to facilitate surgical intervention upon the hip or lower extremity. A branch from 
the lumbar plexus, the nerve is purely sensory and blockade is considered a low risk 
procedure. Ultrasound guidance is recommended to identify either the nerve itself 
or the appropriate surrounding landmarks.

Essential Concepts
• The lateral femoral cutaneous nerve (LFCN) is a purely sensory nerve that 

innervates the lateral thigh.
• LFCN block can be useful to provide analgesia for hip or leg procedures, 

and to diagnose and treat meralgia paresthetica.
• LFCN block is a straightforward and low-risk procedure when performed 

with ultrasound guidance.
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2  Indications and Contraindications

The LFCN may be blocked to provide analgesia for hip procedures, soft tissue sur-
gery of the thigh such as skin graft harvesting or muscle biopsy, or as a component 
of total lower extremity blockade along with the femoral, sciatic, and obturator 
nerves. Cryoneurolysis of the LFCN has also been described in recent literature as 
a means to provide more extended analgesia for the skin graft or burn patient [1].

The LFCN block may also be utilized in the diagnosis and treatment of meralgia 
paresthetica, a condition of numbness and/or pain most classically caused by com-
pression of the nerve such as that from a low lying belt across the hips or, in recent 
times, arising from tight-fitting pants (earning the nickname “skinny jeans 
syndrome”).

There are few contraindications to lateral femoral cutaneous nerve block, which 
is considered a superficial peripheral block, when applying American Society 
Regional Anesthesia guidelines regarding anticoagulants. Total dosing of local 
anesthetic should be considered in every patient, in particular those receiving mul-
tiple peripheral nerve blocks or having multiple sources of medication.

3  Clinical Anatomy

The lateral femoral cutaneous nerve arises from the lumbar plexus, which is com-
posed of the ventral rami of spinal nerves L1–L4. More specifically, its origins lie in 
the posterior divisions of the L2 and L3 ventral rami. Along with the rest of the lum-
bar plexus and its branches, the LFCN descends caudally within the psoas major 
muscle. By the L4–L5 level, it is distinctly lateral to the femoral and obturator nerves 
that also travel inferiorly within the same fascial plane. After exiting the psoas major, 
the LFCN continues its caudad and lateral course across the iliacus muscle in the 
direction of the anterior superior iliac spine (ASIS), before entering the thigh deep to 
the inguinal ligament and dividing into 3–5 terminal cutaneous branches [2, 3].

The LFCN has no motor function and is solely a sensory nerve, innervating the 
lateral and anterior thigh. Its cutaneous distribution can be highly variable but may 
extend as far down as the knee (Fig. 1).

4  Equipment and Supplies

LFCN blocks are performed with standard monitoring of pulse oximetry, blood 
pressure, and electrocardiography as for any substantial injection of local anes-
thetic. The procedure may be performed sterilely or, more commonly, under clean 
conditions after prepping the area with antiseptic solution. The block is typically 
well tolerated with or without subcutaneous lidocaine prior to inserting the block 
needle. Small doses of midazolam or dexmedetomidine may be useful in the patient 
with significant anxiety, especially when performing in conjunction with other 
nerve blocks (Table 1).
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Psoas major muscle
(Musculus psoas major)

Iliacus muscle
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Piriformis muscle
(Musculus piriformis)
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Lateral femoral
cutaneous nerve

(Nervus  cutaneus
femoris lateralis)

Femoral nerve
(Nervus femoralis)

Fascia lata
(fascia lata)

Fig. 1 Anatomy of the lateral femoral cutaneous nerve (LFCN)

5  LFCN Block, Landmark Technique

Due to anatomic variability, precise blockade of the LFCN based upon landmark 
techniques alone can be challenging. The nerve has classically been described as 
coursing deep to the inguinal ligament about 1–2  cm inferior and medial to the 
ASIS, and traveling further inferiorly within the thigh in the plane between the fas-
cia lata and fascia iliaca, typically 0.5–1 cm below the skin [2]. In the absence of 
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Table 1 Equipment and supplies for LFCN block

Supplies Institution-specific practice/preference
Ultrasound machine Linear 15–6 MHz transducer
Antiseptic prep stick 2% Chlorhexidine gluconate/70% isopropyl alcohol
Gloves Nitrile gloves used under clean conditions
Ultrasound gel, 4 × 4 
gauze

Sterile gel applied after prepping skin. 4 × 4 gauze used to blot 
insertion site and clean gel after procedure

Syringe with local 
anesthetic

5–10 mL 0.5% Ropivacaine ± 1 mg preservative-free dexamethasone as 
adjunct to prolong the block

Block needle 22 g B bevel echogenic needle

ultrasound guidance, a fanning infiltration of local anesthetic in this region or loss 
of resistance technique to inject below the fascia lata can be utilized.

Peripheral nerve stimulation (PNS) can also be used to confirm proximity to the 
nerve by eliciting a paresthesia in the LFCN distribution, and boasts a higher suc-
cess rate and lower complication rate than a landmark based fan infiltration tech-
nique [2]. PNS seems to match ultrasound guidance with regards to success rate and 
onset time, but at the expense of a threefold increase in the number of needle 
passes [2].

In regards to other non-selective approaches, the LFCN does appear to be some-
what reliably blocked along with the femoral nerve by a landmark based fascia ili-
aca block relying on tactile feedback and loss of resistance upon penetrating the 
fascia iliaca. It is less consistently reached with a traditional “three-in-one” block 
(targeting the femoral, LFCN and obturator nerves) performed using PNS (Fig. 2) [2].

6  LFCN Block, Ultrasound Technique

Ultrasound visualization of the LFCN may be challenging especially in postopera-
tive patients with surgical related changes such as fluid extravasation from hip 
arthroscopy, but typically the relevant fascial planes and surrounding muscular 
landmarks can be readily identified. With the patient supine, the probe is placed 
approximately 2 cm inferior and medial to the ASIS and oriented transversely or 
with slight angling to parallel the inguinal ligament. The sartorius muscle is identi-
fied in cross section and its lateral border distinguished. If visualized, the LFCN 
appears in cross section as a small oval structure with a hyperechoic outline, and 
may lie atop the lateral tip of the sartorius or within the connective tissue between 
the sartorius and the tensor fascia lata muscle that is seen laterally [2, 4]. In the 
absence of visualization (or electively), the so called fat-filled flat tunnel (FFFT) 
between the muscles may be targeted and also provides a high rate of block success 
[5]. The needle is advanced in plane from lateral to medial to approach the nerve or, 
alternatively, to enter the FFTF/plane between the muscles, which may be con-
firmed by a tactile loss of resistance. Five to ten milliliters of local anesthetic in this 
plane is sufficient for reliable blockade; while as little as 0.3 mL has been proven 
effective if the nerve itself is visualized and targeted [3].
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Fig. 2 While ultrasound guidance is preferred, a landmark-based approach is achieved by subcu-
taneous infiltration of the area 2 cm inferior and 2 cm medial to anterior superior iliac spine (ASIS)

Alternatively, ultrasound guided deposition of local anesthetic just deep to the 
inguinal ligament (similarly 1–2 cm medial to the ASIS) has also been described 
and in one study was found to have a higher success rate (Figs. 3, 4, 5 and 6) [2, 4].
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Fig. 3 The ultrasound probe is placed parallel to the inguinal ligament just inferior and medial to 
the ASIS, and the needle is advanced in the plane from a lateral to medial direction
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Fig. 4 Relevant cross-sectional anatomy, as labeled

7  Potential Complications and Adverse Effects

Blockade of the LFCN is a minimally invasive peripheral procedure with standard 
low level risk related to bleeding and infection. As with all blocks, care should be 
taken to avoid intravascular injection and to limit total doses of local anesthetic to 
reduce the risks of local anesthetic systemic toxicity.

With low volumes and sufficient lateral distance from the femoral nerve, isolated 
block of the LFCN presents minimal risk of motor blockade or residual weakness. 
As with any block, residual paresthesia in the LFCN distribution may occur follow-
ing the block, although etiology may be difficult to determine given the high fre-
quency of such paresthesias following hip surgery.
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Figs. 5 and 6 Ultrasound image of needle approaching the LFCN shown on Fig. 5, The LFCN 
located atop the sartorius muscle. Landmarks delineated in Fig. 6 (LFCN lateral femoral cutaneous 
nerve, TFLM tensor fasciae latae muscle)

Clinical and Technical Pearls
• LFCN and femoral nerve blocks are often performed simultaneously for 

patients undergoing hip surgery; the nerves can be targeted individually or 
with a single injection via a fascia iliaca block.

• Although quite superficial, the LFCN has significant anatomic variability 
and therefore ultrasound guidance offers an advantage over a landmark- 
only approach for this block.

• LFCN block is a low risk procedure and complications are limited by the 
nature of the nerve being superficially located and solely sensory in 
function.
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Saphenous Nerve Block

Prentiss A. Lawson Jr and William A. Potter

Essential Concepts
• Saphenous nerve block (SNB) may be useful for procedural and postop-

erative pain control in knee and medial foot and ankle surgery, as well as 
for the diagnosis and treatment of saphenous neuralgia.

• Single injection and continuous catheter techniques may be used for SNB.
• SNB is generally well tolerated, technically easy to perform, and without 

high incidence of complications.
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1  Overview

Saphenous nerve block (SNB) may be useful for procedural and postoperative 
pain control in knee and medial foot and ankle surgery, as well as for the diagno-
sis and treatment of saphenous neuralgia. Multiple sites for blockade and injec-
tion techniques have been described. It is now common practice to utilize 
ultrasound guidance when SNB is performed at proximal sites, while the land-
mark technique is still commonly used to block the saphenous nerve at the level 
of the ankle.

2  Indications for Saphenous Nerve Block

• Diagnostic: saphenous nerve block (SNB) may be used for diagnosing persistent 
knee or medial foot and ankle pain associated with saphenous neuralgia, or per-
sistent neuropathic pain in the distribution of the saphenous nerve.

• Therapeutic: SNB may be used in the treatment of procedural or postoperative 
pain related to knee surgery, or procedural or postoperative pain related to medial 
foot and ankle surgery. The block may be performed at the level of upper to mid-
thigh, distal thigh, or at the ankle. There may also be therapeutic utility in treat-
ing cases of saphenous neuralgia.

3  Contraindications to Saphenous Nerve Block

• Absolute contraindications: patient refusal, uncooperative patient, infection at 
the site of injection, allergy to medications necessary for the procedure.

• Relative contraindications: untreated bacteremia (risk may be higher with 
nerve catheters); bleeding diatheses or use of anticoagulants (nerve block may 
still be performed with informed consent and appropriate caution during and 
after the procedure); peripheral neuropathy, peripheral demyelinating disease, 
or pre- existing sensory deficits in the distribution of the saphenous nerve 
(Table 1).
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Table 1 Indications, contraindications, and techniques for saphenous nerve block

Procedure Indications Techniques Contraindications
Saphenous 
nerve block

Knee surgery 
(adductor canal/
femoral triangle)
Medial lower leg or 
foot/ankle surgery
Saphenous 
neuralgia

Landmark
Ultrasound guided 
(± peripheral nerve 
stimulation with either 
technique)

Absolute:
Patient refusal or inability to 
cooperate
Allergy to medications
Infection at site of injection
Relative:
Untreated bacteremia 
(esp. continuous catheters)
Bleeding diatheses or 
anticoagulant use
Pre-existing neurologic 
disorders or deficits in 
distribution of nerve block

4  Anatomy

The saphenous nerve (SN) is a sensory branch of the femoral nerve supplying 
sensation to the anterior and medial distal thigh and knee to the medial lower leg 
and foot (Fig. 1). It is found immediately lateral to the femoral artery, and in 
between the sartorius and vastus medialis muscles, at the apex of the femoral 
triangle in the upper leg [1]. The SN is then present throughout the adductor 
canal, which is the intramuscular compartment between the sartorius, adductor 
longus, adductor magnus, and vastus medialis muscles, from the femoral triangle 
to the adductor hiatus in the distal thigh. The SN has an anterior and then more 
medial position with respect to the femoral artery as it courses distally to the 
adductor hiatus [1–6]. The SN, along with muscular branches from the nerve to 
the vastus medialis, eventually forms a deep plexus leading to the anterior and 
medial genicular nerves innervating the deep anteromedial knee joint [1, 2, 6–8]. 
The SN courses through the vasoadductor membrane and superficially between 
the sartorius and gracilis muscles in the distal thigh [1, 7–10]. Continuing down 
the leg, infrapatellar and sartorial branches arise [3], with the infrapatellar branch 
providing sensation to the skin over the anterior knee and medial knee joint [1, 2, 
7, 8]. The sartorial branch follows and supplies sensation to the medial leg below 
the knee, eventually giving off branches that innervate the capsule of the ankle 
joint [11, 12]. The SN is found anteromedial to the medial malleolus at the level 
of the ankle [3].

Saphenous Nerve Block
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Fig. 1 Cutaneous sensory 
distribution of the 
saphenous nerve
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5  Equipment and Supplies

• Personal protective equipment (hat, mask, glasses) and gloves (sterile if catheter 
technique)

• Skin prep solution such as chlorhexidine gluconate 2% with isopropyl 
alcohol 70%

• Ultrasound machine with linear transducer (10–12 MHz) and sterile sleeve
• 5–8 cm 20 or 22 G blunt-tip needle with 10–20 cc syringe (single shot mid- or 

distal-thigh technique); 25 G skin needle for ankle technique
• Peripheral nerve block catheter tray (catheter technique)
• Appropriate long-acting local anesthetic (0.2–0.5% ropivacaine or 0.25% 

bupivacaine)
• Short acting local anesthetic (1% lidocaine) for anesthetizing skin with syringe 

and needle
• Peripheral nerve stimulator (if desired for mid- or distal-thigh technique)

6  Procedure Technique

The saphenous nerve (SN) may be blocked at several anatomic locations along the 
thigh and distal leg. In current clinical practice, blockade at the mid-thigh within the 
adductor canal is common for total knee arthroplasty and lower extremity surgeries 
involving the medial leg/foot. The block can also be performed at the distal thigh 
after the SN has left the adductor canal or at the ankle proximal to the medial 
malleolus.

 Mid-Thigh/Adductor Canal

With the patient in the supine position and the leg slightly externally rotated at the 
hip, place a linear or curvilinear probe (based on patient habitus) in an orientation 
that is perpendicular to the long axis of the thigh at the mid-point between the ante-
rior superior iliac spine and the base of the patella and midway between the anterior 
and posterior thigh.

Identify the relevant anatomy including the superficial femoral artery (SFA), sar-
torius muscle, vastus medialis muscle laterally, and the adductor longus muscle 
medially (Fig. 2). After cleaning and anesthetizing the skin with a short acting local 
anesthetic, a needle is inserted in-plane from the lateral side with an endpoint below 
the sartorius muscle and anterolateral to the superficial femoral artery. After nega-
tive aspiration, 10–20 cc of long acting local anesthetic is deposited adjacent to the 
SFA, with aspiration after every 3–5 cc of injectate, and confirmation of spread via 
ultrasound image. A catheter may be threaded under ultrasound guidance, if desired, 
with final placement antero-lateral to the SFA.

Saphenous Nerve Block
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Fig. 2 Blockade of the saphenous nerve within the adductor canal

 Distal Thigh/Trans-Sartorial

With the patient in the supine position and the leg slightly externally rotated at the 
hip, place a linear or curvilinear probe (based on patient habitus) in an orientation 
that is perpendicular to the long axis of the thigh, approximately 10 cm proximal to 
the popliteal crease and midway between the anterior and posterior thigh. Identify 
the relevant anatomy including the superficial femoral artery (SFA), sartorius mus-
cle, vastus medialis muscle laterally and the adductor longus muscle medially 
(Fig. 3). Trace the SFA distally until it exits the adductor canal deep to the popliteal 
fossa. The saphenous nerve can generally be visualized between the sartorius and 
vastus medialis muscles at this location. The descending femoral artery may also be 
visualized in this plane using color mode Doppler.

After cleaning and anesthetizing the skin with a short acting local anesthetic, a 
needle is inserted in-plane from the lateral side, with an endpoint between the 
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Fig. 3 Blockade of the saphenous nerve in the distal thigh

posterior- lateral border of the sartorius muscle and anteromedial border of the vas-
tus medialis muscles. After negative aspiration, 10–20 cc of long-acting local anes-
thetic is deposited into this plane, with aspiration every 3–5 cc of injectate, and 
confirmation of spread via ultrasound image.

 Ankle

At the level of medial malleolus, the saphenous nerve is superficial and can thus be 
blocked using a subcutaneous injection of local anesthetic. After cleaning the skin, a 
wheal is created by injecting local anesthetic subcutaneously 2–3 cm anterior and also 
posterior to the saphenous vein, at a level just cranial to the medial malleolus (Fig. 4).

Saphenous Nerve Block
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Fig. 4 Blockade of the saphenous nerve at the ankle. The dashed line just proximal to the medial 
malleolus represents the path for subcutaneous injection to block the saphenous nerve at the level 
of the ankle.
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7  Potential Complications and Adverse Effects

Saphenous nerve block is a generally well tolerated procedure, though not com-
pletely without risk of complication.
• Infection may be rare with single injection or continuous catheter technique. The 

risk may be higher with catheter placement and directly related to catheter dura-
tion [13].

• SNB is a superficial/compressible block with low potential for bleeding compli-
cation [14].

• Persistent neurologic symptoms (pain, paresthesia, sensory or motor deficit) 
are infrequent with lower extremity nerve blocks [3, 15]. Deficits normally 
resolve and the incidence of long term (>6–12 months) neurologic symptoms 
in ultrasound guided regional anesthesia is rare (2–4 per 10,000 nerve 
blocks) [16].

• Allergic reaction to agents used for skin disinfection, local anesthetics, adjuvant 
medications used to prolong blockade, and medications used for sedation is 
possible.

• Local anesthetic systemic toxicity (LAST) after lower extremity nerve blocks 
has low incidence. Delayed presentation is possible, and precautions should be 
taken during and after the procedure. Any symptoms of LAST should be treated 
according to ASRA recommendations [17].

• Though in most cases strength is well preserved, significant quadriceps weak-
ness can occur with adductor canal/femoral triangle block if there is retrograde 
spread of local anesthetic to the femoral nerve [18, 19].

• Though not common, myotoxicity has been reported with adductor canal/femo-
ral triangle block [20]. Pain aggravated by stretch and relieved by shortening of 
the muscle, swelling, and weakness may be signs of myotoxicity. Recovery may 
take months [3].

Clinical and Technical Pearls
• The use of ultrasound guidance is recommended when blocking the saphe-

nous nerve at proximal sites and facilitates continuous catheter technique.
• Sedation is not necessary but can be useful in anxious patients and for 

altering the seizure threshold when larger volumes of local anesthetic are 
used. Appropriate monitoring and maintaining a level of arousal where the 
patient can report any paresthesia or severe pain is recommended.

• Fall precautions should be taken when utilizing saphenous nerve block at 
proximal sites where muscular weakness can be a potential complication 
from inadvertent spread of local anesthetic.

• Steroid, such as preservative free dexamethasone 2–4 mg, may be added to 
single injection techniques to prolong blockade or potentially treat cases of 
saphenous neuralgia.
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Femoral Nerve Block

Grant A. Neely and Brett J. Elmore

1  Overview

A Femoral Nerve Block (FNB) is primarily utilized to provide cutaneous and osteo-
tomal analgesia to the hip, thigh, and knee via nociceptive blockade with local anes-
thetic medications [1]. FNB is most commonly performed preoperatively for 

Essential Concepts
• Femoral Nerve Blocks are technically simple and relatively safe proce-

dures to provide short term pain relief of the anterior hip, thigh, and knee 
in the perioperative setting.

• The femoral nerve originates from the posterior division of the ventral rami 
of L2–L4 and is the largest branch of the lumbar plexus. It provides cutane-
ous sensory innervation to the anterior thigh and medial lower leg as well 
as osseous sensory innervation to the majority of the femur and knee joint.

• Short- and intermediate-acting local anesthetics are primarily used to pro-
vide acute pain relief by blocking nociceptive afferent nerve fibers of the 
femoral nerve. Pain relief is achieved rapidly and may last up to 24 h.

• Femoral Nerve Block is performed with ultrasound guidance by locating the 
femoral nerve at the level of the inguinal crease and depositing local anes-
thetic adjacent to the nerve where it courses deep to the fascia iliaca.
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Table 1 Femoral Nerve Block overview

Procedure Technique Indications Contraindications Notes
Femoral 
Nerve 
Block

Landmark
Ultrasound- 
guided

Outpatient knee 
arthroscopy [6]
Knee 
arthroplasty [7]
Total knee 
replacement [8]
Anterior cruciate 
ligament 
reconstruction 
[9]
Analgesia in ED 
for femoral 
fractures [10]
Major knee 
surgery [11]
Leg amputation 
[12]
Patellar 
realignment 
surgery [13]

Patient refusal
Concurrent 
hemodynamic 
instability
Active infection at 
the insertion site

Can be used in an 
anticoagulated patient
Comprehensive analgesia to 
lower extremity requires 
additional nerve blocks to 
thee obturator, lateral 
femoral cutaneous and 
sciatic nerves [14]

orthopedic procedures involving the hip, femur, and knee [2, 3], but can be useful 
for rescue analgesia after surgery or for treating patients with acute injuries in the 
emergency department or admitted to the hospital with acute pain [4]. The femoral 
nerve can be easily located with ultrasound guidance and local anesthetic is depos-
ited adjacent and lateral to the nerve with 10–20 mL of local anesthetic to provide 
short term analgesia, typically less than 24 h [5].

2  Indications and Contraindications

Indications and contraindications for Femoral Nerve Block are described in Table 1.

3  Clinical Anatomy

The femoral nerve originates from the posterior division of the ventral rami of the 
L2–L4 nerve roots and is the largest terminal branch of the lumbar plexus. It runs 
lateral to the psoas muscle in the pelvis and then passes underneath the inguinal 
ligament to enter the anterior compartment of the thigh where it quickly branches to 
provide innervation the femur, muscles, bones, joints, and skin in the anterior thigh 
(Fig. 1) [14].

Distal to the knee, via the sensory saphenous branch, it innervates the medial 
cutaneous leg and medial calcaneus. At the level of the inguinal crease in the femoral 
triangle, the nerve is positioned lateral to the femoral artery and vein [15] (Table 2).

G. A. Neely and B. J. Elmore



733

Iliohypogastric and
Ilio-inguinal nerves

Fascia iliac

Iliacus muscle

Deep circumflex
iliac artery

Superficial
circumflex iliac

artery
Tensor fasciae

latae muscle
Lateral femoral

cutaneous nerve
Sartorius muscle

Rectus femoris
muscle

Vastus lateralis
muscle

Psoas major
muscle

Femoral nerve

Inguinal ligament

Femoral artery

Profunda femoris
(deep femoral)
artery

Adductor longus
muscle

Pectineus muscle
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Fig. 1 Femoral nerve and anterior leg anatomy, as labeled

Table 2 Nerve distribution of the femoral nerve [14]

Spinal 
segments Distribution
L2–L4 Anterior muscles of the thigh providing flexion and lateral rotation of the hip, 

extension of the knee, and flexion of the knee (quadriceps, sartorius, pectineus, 
iliopsoas muscles)
Osteotome sensory branches to part of the femoral neck, femur, knee joint, 
proximal tibia, and distal medial tibia
Articular sensory branches to hip and knee
Cutaneous sensory branches to the skin over the anteromedial surface of the thigh 
and medial surface of leg and foot (via saphenous branch)

The femoral nerve lies under the fascia lata and fascia iliaca fascial planes, sits 
above and slightly medial to the iliacus muscle, and is typically 1–2 cm lateral to the 
femoral artery. The fascia iliac continues underneath the femoral artery and vein 
providing an anatomic separation between nerve and artery [15, 16].

4  Equipment and Supplies

Femoral Nerve Blocks are performed at the bedside with the patient in the supine 
position and the table flat with the patient’s legs extended. The ultrasound machine 
should be positioned on the opposite side of the bed facing the operator. Standard 

Femoral Nerve Block



734

Table 3 Position, monitoring, equipment, and supplies for femoral nerve blockade

Position Supine. Bed flat. Legs extended. Inguinal crease exposed
Monitors Electrocardiogram (ECG), pulse oximeter (SpO2), non-invasive blood 

pressure monitor (NIBP)
Equipment Ultrasound machine with high-frequency linear probe (8–15 MHz)

Supplemental oxygen if needed (nasal cannula, facemask)
Emergency resuscitation equipment available

Syringe and 
needle

20–30 mL with 50–80 mm short-bevel nerve block needle

Skin preparation Chlorhexidine with alcohol
Local anesthetic Dependent on surgical indication and duration

Short duration (2–6 h): mepivacaine 1.5% or lidocaine 1.5%
Longer duration (12–18 h): bupivacaine or ropivacaine 0.25–0.5% [14]

Adjuvants Minor prolongation of blockade. Each associated with unique side effects
Dexamethasone (4 mg)
Dexmedetomidine (1–2 μg/kg)
Clonidine (25–50 μg)
Epinephrine (2.5–5 μg/mL)

American Society of Anesthesiologists monitors are applied and equipment is read-
ily available near the operator (Table 3).

5  Ultrasound Technique

 1. Apply standard monitors noted above
 2. Perform procedure timeout:
 (a) Identify patient: name, date of birth, medical record number
 (b) Confirm correct surgery, surgeon, and laterality of surgery
 (c) Confirm correct nerve block and laterality
 (d) Review allergies and anticoagulation/antiplatelet medication
 3. Administer appropriate sedation medication if indicated
 4. Disinfect femoral crease with chlorhexidine and alcohol
 5. Place high-frequency linear ultrasound transducer at the femoral crease at the 

level of the inguinal ligament
 6. Scan proximally (cephalad) and distally to locate the femoral artery and vein 

prior to the division of the femoral artery into the deep, superficial femo-
ral artery

 7. At the level of the femoral artery prior to branching, identify femoral nerve 
1–2 cm lateral to the artery

 8. The femoral nerve should be superficial to iliacus muscle and deep to fas-
cia iliaca

 9. Apply skin wheal of 1–2 mL local anesthetic (lidocaine 1–2%) on the lateral 
aspect of the ultrasound probe

 10. 50–80 mm block needle inserted in-plane under ultrasound probe and advanced 
deep to fascia iliaca towards the lateral aspect of the femoral nerve (Figs. 2 and 3)
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Fig. 2 Femoral Nerve Block ultrasonogram

Fig. 3 Femoral Nerve Block sonography, as labeled

 11. Inject 1–2 mL local anesthetic to confirm the proper location of the needle with 
spread underneath fascia iliaca that envelopes the femoral nerve

 12. Administer 10–20 mL of local anesthetic 5 mL at a time after gentle aspiration 
prior to each injection

 13. Local anesthetic should be seen surrounding the femoral nerve under fascia 
iliaca and tracking below the femoral artery (Fig. 4) [14–19]
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Fig. 4 Femoral Nerve Block. Patient positioning and ultrasound probe orientation on the left. 
Femoral Nerve Block, cross-section schematic on the right, as labeled

Clinical and Technical Pearls
• Optimizing the position of the patient is of vital importance to block per-

formance. For morbidly obese patients, consider using wide tape to retract 
pannus. Retract the pannus superiorly by attaching the tape to the contra-
lateral bed rail.

• Identify where formal artery branches at the level of the inguinal ligament. 
Block performance and subsequent analgesia will be improved if the block 
is performed at the anatomic location proximal to the bifurcation of the 
femoral artery.

• Ensure the proper spread of local anesthetic below the fascia iliaca and 
adjacent to the femoral nerve by observing the medial spread of local anes-
thetic deep to the femoral artery. Circumferential and/or superficial spread 
of local anesthetic suggests incorrect placement between fascia lata and 
fascia iliaca.

6  Potential Complications and Adverse Effects

FNBs are typically well-tolerated and performed without significant complications 
or adverse side effects. It is important to review the potential risks and benefits with 
patients to allow autonomous decision making while emphasizing patient safety. 
General complications and side effects shared by most peripheral nerve blocks 
apply to the Femoral Nerve Block including the risk of bleeding and hematoma, 
superficial infection, neuritis, temporary or permanent nerve injury with sensory 
and motor involvement, and local anesthetic systemic toxicity for intravascular 
injection or infiltration [20, 21] (Table 4).
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Table 4 Complications and adverse effects unique to Femoral Nerve Block

•  Hematoma formation secondary to femoral 
artery puncture in patients on anticoagulation/
antiplatelet agents or with bleeding disorders

•  Good compressibility of femoral 
vessels at inguinal crease

•  Apply firm pressure for greater than 
5 min

•  Increased incidence of infection secondary to the 
location in close proximity to groin

•  More of a concern with femoral nerve 
catheters that are in place for longer 
than 48 h

•  Risk of falling with numb limb due to quadriceps 
muscle group weakness

•  Important to understand the patient’s 
baseline mobility and assistance at 
home if outpatient surgery

•  May consider adductor canal block as 
alternative for knee surgeries
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Intra-Articular Knee Injections

Chinyere Archie, Anish Sethi, and Rany T. Abdallah

Essential Concepts
• Intra-articular knee (IA) injections are a useful therapeutic intervention for 

treatment of chronic knee pain, particularly that due to osteoarthritis
• Goals for initial IA injections are significant decrease in pain and improve-

ment in functional performance
• IA injections may provide up to several months of pain relief
• IA injections are technically simple to perform, well-tolerated, and may be 

repeated serially. Practitioners should be familiar with the common 
approaches to IA knee injections

• IA knee injections may be performed at the bedside or under fluoroscopic 
guidance

• An array of injectable materials is approved for intraarticular knee 
administration
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1  Intraarticular Knee Injections

 Overview

Knee pain of varying etiologies is estimated to affect up to 25–30% of adults, with 
higher prevalence in the elderly population. The impaired mobility and overall func-
tional status associated with frequent and chronic knee pain adversely affects qual-
ity of life [1–3]. Its prevalence, of varying etiologies, is expected to increase as the 
population ages. Knee osteoarthritis (OA) is a leading source of chronic pain [4], 
responsible for over 80% of the disease burden of osteoarthritis and it is the most 
common cause of knee pain in adults over 50 years of age [5, 6]. Other causes of 
knee pain include acute trauma causing bony and soft tissue disruption, surgery, and 
infections. Interventional treatments are useful in acute settings and are gaining 
popularity for treatment of knee osteoarthritis. Specifically, intraarticular knee 
injections appear to be a safe and effective alternative for those who have failed 
more conservative management of knee osteoarthritis, and in many cases, is used as 
a bridge to surgical intervention [7]. These injections may be a useful alternative for 
patients who are poor surgical candidates. IA knee injections of various materials 
are also gaining popularity as bedside procedures for temporary alleviation of knee 
pain due to other causes, including psoriatic arthritis, juvenile idiopathic arthritis, 
rheumatoid arthritis, and acute monoarticular gout.

 Indications and Contraindications

Differential diagnoses of knee pain may be obtained by evaluating the chronicity, 
inciting factors, and location of the patient’s painful symptoms (Table 1). This infor-
mation, combined with a thorough history and physical can assist in assessing the 
etiology for acute and chronic knee pain. Osteoarthritis is the most common cause 
of knee pain, while other etiologies are seen less commonly.

 Etiology of Knee Osteoarthritis
The etiology of knee osteoarthritis is considered multifactorial and is attributed to a 
combination of biochemical, genetic, and mechanical factors. Pathophysiology 
involves progressive degradation of the joint’s articular cartilage, leading to matrix 
fibrillation, fissuring, ulceration, and eventual full-thickness loss of articular 

Table 1 Common causes of knee pain based on anatomical location

Location Differential diagnoses
Anterior Patellofemoral pain syndrome (PFPS), patellar tendonitis, anterior cruciate ligament 

(ACL) rupture
Posterior Baker/popliteal cyst, biceps femoris tendonitis
Lateral Lateral cruciate ligament (LCL) rupture, lateral meniscus injury, iliotibial band 

syndrome
Medial Medical cruciate ligament (MCL) rupture, medical meniscus injury, pes anserine 

bursitis, medial plica irritation
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a b

Fig. 1 (a) Normal AP knee radiograph in adult male illustrating preserved joint space. (b) 
Abnormal AP knee radiograph in adult female with tricompartmental osteoarthritis with joint 
space narrowing

surfaces. Osteophyte formation, subchondral bony thickening, and other hypertro-
phic changes accompany the disease, with eventual chronic synovial inflammation 
[8]. Diagnostic criteria include knee pain, crepitus, joint stiffness, bony tenderness, 
and the presence of pathological changes on radiographic imaging [9].

Plain film radiographs (Fig. 1a, b) can be utilized to assist in the diagnosis of 
knee pain. When compared to a normal knee X-ray (Fig. 1a), an abnormal knee 
X-ray indicative of osteoarthritis (Fig. 1b) will exhibit joint space narrowing, osteo-
phyte formation, subchondral sclerosis, and cysts.

 Intrarticular Knee Injection Candidates, Indications 
and Contraindications
The IA injection may be performed as a bedside technique in the outpatient clinic 
or inpatient setting. The substance injected is tailored to the patient’s diagnosis and 
needs. Corticosteroids, blood-derived materials such as platelet-rich plasma, and 
viscosupplements such as hyaluronic acid or synovial fluid may be chosen.

Candidates for IA injections are those with knee pain, often times with some 
form of symptomatic arthritis, who have failed conservative management or who 
are poor candidates for surgery.

Intra-Articular Knee Injections
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Absolute contraindications to IA injections include patient refusal, inability of a 
patient to cooperate, and allergy to the injectate material. Other contraindications 
include inherent coagulopathy or use of anticoagulant medications, active infection 
at the planned procedure site, bacteremia, and preexisting neurological deficits 
within the distribution of blockade. Extreme precaution must be used in patients 
with immunocompromised states such as the presence of malignancy, immune defi-
ciency syndromes, and malnutrition. These patients have an increased relative risk 
of infection.

 Clinical Anatomy

The knee joint is formed by the articulation of four bones: the femur, tibia, fibula and 
patella. The opposing surfaces of the first three bones are lined with articular carti-
lage to reduce friction. Functionally, the knee is comprised of two joints; the femoro-
tibial and femoro-patellar joints. The entire knee joint is lined by a ligamentous 
capsule, which is covered in a synovial membrane that secretes synovial fluid. This 
viscous fluid, in addition to fat pads, bursae, and menisci help to alleviate shock and 
frictional forces. Any, or several, of these joint components may be eroded, fractured, 
chronically inflamed, or otherwise compromised in advanced arthritic disease [10].

The joint receives sensory and motor innervation from branches of three differ-
ent nerves—the sciatic, obturator, and femoral nerves—all of which originate from 
the lumbar plexus. The obturator nerve contributes a genicular branch from its pos-
terior division.

The sciatic nerve bifurcates into the common peroneal and tibial nerves at the pop-
liteal fossa. The common peroneal nerve contributes three branches (superolateral 
genicular, inferolateral genicular, and recurrent genicular nerves) to the anterior aspect 
of the knee. The tibial nerve contributes the superomedial genicular, inferomedial 
genicular, and middle genicular nerves to supply the posterior aspect of the knee joint.

The femoral nerve contributes small branches from the nerves to the three vasti. 
One of its cutaneous sensory branches, the saphenous nerve, contributes suprapatel-
lar and infrapatellar genicular branches to the anterior aspect of the knee [11].

There are several approaches to carrying out intraarticular knee joint injections. 
This chapter will focus on six commonly used approaches which can be performed 
by a pain practitioner. The approaches are named based on the point of needle entry 
relative to the patella. Often, severity of disease in one aspect of the joint may limit 
its range of motion and adequate exposure of needle trajectory pathways. This may 
preclude the use of one approach and necessitate utilization of an alternate approach.

 Equipment and Supplies

The procedure should be carried out in compliance with strict sterile techniques 
and all necessary equipment, medication, and tools should be readily available 
(Table 2). Standard ASA monitors (non-invasive blood pressure, pulse oximetry, 
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electrocardiography) should be available, although they need not be applied if no 
sedatives or systemic anxiolytics are used. Sedation may be used to facilitate 
patient compliance, but is typically not necessary as the procedure is well-tolerated 
and minimally invasive.

The procedure may also be performed under fluoroscopic guidance. In this case, 
the practitioner and patient should don appropriate outerwear for radiation protec-
tion, such as eyewear, leaded thyroid shield, and leaded gowns. However, fluoro-
scopic guided procedures are not typically performed at the bedside.

 Intraarticular Knee Injection Techniques

The common approaches to intraarticular knee injections can be divided primarily 
into three categories—superior, lateral, and inferior. The choice of each approach is 
based upon a patient’s disease pathology and pain etiology. Specific indications for 
each approach are further discussed later in this section. Additionally, specific ana-
tomical landmarks and injection trajectories are reviewed in detail for each injection 
approach.

The general injection technique for the intraarticular knee injection remains the 
same, regardless of needle entry site. Prior to performing the injection, the clinician 
must prepare the skin with a sterile cleaning solution and allow it to dry completely. 
Following this, the clinician should don sterile gloves and stabilize the patella in the 
non-dominant hand, between the thumb and index finger. Using a 25  G needle, 
1–2 mL of 1% lidocaine should be injected for topical anesthesia. Along the same 
trajectory, a 20  G needle attached to a syringe is inserted into the knee joint, 

Table 2 Equipment and supplies for intraarticular knee injections

• Syringes (3–10 mL)
• Small gauge needles (e.g., 18 G, 20 G, 22 G, 25 G, 1–1.5 in.)
• Local anesthetic for topical use (e.g., 1% lidocaine)
• Intraarticular injectate
   – Corticosteroid
      Methylprednisolone acetate
      Triamcinolone acetate
      Triamcinolone hexacetonide
      Dexamethasone
      Betamethasone acetate
   – Hyaluronic acid
   – Platelet-rich plasma
• Sterile drapes, gloves
• Sterile cleaning solution
• Sterile gauze
• Sterile marker
• +/− Sedation/anxiolytic medications
• +/− Fluoroscopic source
• +/− Radiation protective clothing/outerwear
• +/− Radiopaque contrast material for injection
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applying constant negative pressure as the needle is advanced. The needle is 
advanced until a flashback of synovial fluid enters the syringe, providing confirma-
tion that the needle is in the joint space. The needle may require redirection in order 
to optimize positioning within the joint space. Following this, the syringe is removed 
and another syringe containing the injectate medication is attached to the needle. 
The medication is then injected slowly in small aliquots with frequent aspiration to 
monitor for inadvertent intravascular spread. Throughout the injection process, the 
patient should be encouraged to provide feedback regarding pain or discomfort dur-
ing the injection process. Once the injection is complete, the needle is withdrawn 
and properly disposed. Pressure may be held over the injection site to ensure proper 
hemostasis. Once hemostasis is adequately achieved, a sterile dressing should be 
placed over the injection site.

 Superior Approach

The superior (lateral) approach (Fig. 2) may be utilized in patients with knee pain asso-
ciated with a large effusion present within the suprapatellar bursa. With this approach, 
fluid may be aspirated with greater ease when compared to alternative approaches.

Fig. 2 Superior (lateral) approach for intraarticular knee injection: needle tip is placed at injection 
site on right knee. Straight lines represent the patellar tendon and curved line represents the lateral 
tibial plateau
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This injection is performed with the patient lying supine and the knee slightly 
flexed and supported on a pillow or rolled towel. The entry site can be located by 
palpating the superolateral border of the patella. Mark the point that lies 1 cm lateral 
and 1 cm superior to this bony edge. This will be the point of needle entry. The 
needle is then advanced in a medial direction to a depth of approximately 1–2 in., or 
until joint fluid may be aspirated. Once this occurs, the injection of medication may 
be performed in a slow and continuous fashion.

 Lateral Midpatellar Approach

The lateral midpatellar approach (Fig. 3) is utilized to effectively access the patel-
lofemoral joint. This approach may be used for both joint aspiration and joint 
injection.

This injection is performed with the patient lying in the supine position, with the 
knee extended but relaxed. The lateral border of the patella is palpated, and the 
needle entry point is located 1–2 cm lateral to the midpoint of the lateral border of 
the patella. When performing the injection, the needle is directed medially at a 45° 
angle towards the midpoint of the medial compartment of the joint at a depth of 

Fig. 3 Lateral (midpatellar) approach for intraarticular knee injection: needle tip is placed at 
injection site on right knee. Straight lines represent the patellar tendon and curved line represents 
the lateral tibial plateau
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1–1.5 in. The patella may be translated medially or laterally in order to facilitate 
needle placement under the patella.

Access to the knee joint via this approach may be difficult in patients with severe 
patellofemoral osteoarthritis or obesity; additionally, due to discomfort during nee-
dle placement, patients may tense the thigh extensor muscles, causing further tech-
nical difficulty during the procedure.

 Inferior Approach

The inferior (or infrapatellar) approaches (Fig. 4a, b) can be utilized for intraarticu-
lar knee injections. This approach may be used when the patient is unable to fully 
extend the affected knee due to pain or joint stiffness; however, this approach typi-
cally limits the ability to aspirate joint fluid.

This injection is performed with the patient seated, with the knees flexed to 
approximately 90°. The medial tibial plateau, lateral tibial plateau, and patellar liga-
ment are palpated.

The lateral injection site (Fig. 4a) is located 1 cm above the lateral tibial plateau 
and 1 cm lateral to the patellar ligament. The needle is advanced slightly upwards in 
a posteromedial direction to a depth of approximately 1–1.5 in.

a b

Fig. 4 (a) Inferior approach for intraarticular knee injection: needle tip is placed at lateral injec-
tion site on right knee. Straight lines represent the patellar tendon and curved line represents the 
lateral tibial plateau. (b) Inferior approach for intraarticular knee injection: needle tip is placed at 
medial injection site on right knee. Straight lines represent the patellar tendon and curved line 
represents the medial tibial plateau
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The medial injection site (Fig. 4b) is located 1 cm above the medial tibial plateau 
and 1 cm medial to the patellar ligament. The needle is advanced slightly upward in 
a posterolateral direction to a depth of approximately 1–1.5 in.

 Ultrasound-Guided Approach

 Suprapatellar Bursa Technique
Ultrasound guidance may be utilized to perform the intraarticular knee joint injec-
tion. A common approach is via the suprapatellar bursa (Fig. 5a, b). The suprapatel-
lar bursa lies directly cephalad to the patella and is located between the anterior 
surface of the distal femur and quadriceps tendon.

The patient should be placed in a supine position with the knee slightly flexed 
with the assistance of a pillow or rolled towel (Fig. 5a). A high-frequency linear 
transducer is utilized to perform the injection. An initial ultrasound survey scan can 
be obtained by placing the probe in a longitudinal position superior to the patella. 
The hyperechoic patella and femur are noted, with the suprapatellar bursa located 
deep to the quadriceps tendon.

Once the suprapatellar bursa is visualized, the ultrasound transducer is then 
rotated to a transverse position just above the patella in order to perform the 
injection (Fig. 5b). In this view, the suprapatellar bursa is noted deep to the quad-
riceps tendon, and is the target site for the injection. The femur is noted deep 
within the ultrasound field as a curved echogenic line casting a shadow. With 
advanced knee joint degeneration, there may be the presence of a moderate 
amount of fluid in the suprapatellar bursa, which can be aspirated with this 
approach if necessary.

a b

Fig. 5 (a) Positioning of transducer and needle for performance of suprapatellar approach to knee 
injection. (b) Ultrasound view of suprapatellar region with solid white line depicting the trajectory 
of the needle tip into suprapatellar bursa. Note a minimal amount of fluid present within the bursa
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The skin overlying the lateral knee is prepped with sterile solution. After instill-
ing topical anesthetic to create a skin wheal, a 3.5 in. needle is advanced just poste-
rior to the superolateral border of the patella with an in-plane approach under live 
ultrasound-guidance to the suprapatellar bursa (Fig. 5b). Once the needle tip is visu-
alized within the suprapatellar bursa, a combination of local anesthetic and steroid 
is slowly instilled. Following this, the needle is removed and a sterile dressing 
should be placed over the injection site.

 Medial Intraarticular Technique
An alternative approach to the intraarticular knee injection under ultrasound guid-
ance is the medial intraarticular technique (Fig. 6a, b). This approach can provide 
direct access deep within the joint space.

In order to perform this injection technique, the patient is placed in the supine 
position with the lower extremity slightly externally rotated (Fig.  6a). A high- 
frequency linear transducer is placed over the medial aspect of the knee joint in a 
longitudinal configuration. The bony contours of the distal femur and proximal tibia 
are noted in the ultrasound view as they form the knee joint (Fig. 6b). The medial 
meniscus is visualized as a triangular-shaped structure between the margins of the 
femur and tibia. This articulation provides access to the medial knee joint for the 
purposes of this injection.

The skin over the medial knee joint is prepped with sterile solution. After instill-
ing topical anesthetic to create a skin wheal, a 3.5 in. needle is advanced over the 
mid-point of the ultrasound probe in an out-of-plane approach under live ultrasound- 
guidance to enter the knee joint via the medial borders of the distal femur and proxi-
mal tibia. Once the needle tip is within the joint space, a combination of local 
anesthetic and steroid is slowly instilled. Following this, the needle is removed and 
a sterile dressing should be placed over the injection site.

a b

Fig. 6 (a) Positioning of transducer and needle for performance of medial intraarticular approach 
to knee injection. (b) Ultrasound view of the medial knee joint with the triangular-shaped medial 
meniscus at the confluence of the distal femur and proximal tibia, providing an entry-point to the 
knee joint. The asterisks depict the target point for the needle tip

C. Archie et al.
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 Potential Complications and Adverse Effects

This procedure is generally well-tolerated, and most patients experience some 
degree of pain relief within minutes. However, several potential complications and 
adverse effects must be considered by the clinician. Mild discomfort or muscle 
spasm may occur surrounding the knee joint. These should resolve within a few 
hours. Unintended injury to surrounding structures is rare, but neurovascular and 
tendinous injury may occur. Temporary weakness or numbness of leg muscles may 
occur and should resolve within a few hours. During this period, patients should be 
advised to ambulate with assistance, to minimize falls or other injury. Inadvertent 
intravascular injection of local anesthetic may lead to local anesthetic systemic tox-
icity (LAST), manifesting with headaches, dizziness, perioral numbness, tinnitus or 
even seizures, loss of consciousness and cardiac arrest. The clinician should be 
familiar with the institutional policy for management of LAST, have a high index of 
suspicion should these symptoms occur, and act quickly to resuscitate the patient. 
Anaphylactic reactions can occur in response to any of the materials or medications 
used. In the event of such a reaction, emergent supportive therapy must be instituted 
depending upon the reaction. Other adverse effects include bleeding or hematoma 
formation and development of intraarticular or periarticular knee infections. Patients 
should be educated on the signs and symptoms of procedural complications, and 
should be advised to seek medical care immediately if any of these adverse 
events occur.

Clinical and Technical Pearls
• Intraarticular knee injections may be used in cases of suboptimal response 

to conservative management for knee pain.
• Intraarticular knee injections can be utilized as a bridge to knee replace-

ment, or can be an effective ongoing treatment for patients who are poor 
surgical candidates.

• These injections can be performed at the bedside, typically without the 
need for systemic sedation.

• Coagulopathy, local infections, and immuocompromised states are relative 
contraindications to use of intraarticular injections.

• The needle approach to the intraarticular space may be tailored depending 
upon the patient’s knee pathology.

• Various injectate materials may be utilized based upon the patient’s disease 
pathology.

• Potential complications may include hematoma formation, infection, mus-
culoskeletal injury, or nerve injury.

Intra-Articular Knee Injections
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Periarticular Knee Injections

Karl J. Hinrichs, James E. Wolf, and Rany T. Abdallah

1  Pes Anserinus Bursa Injection

 Overview

The pes anserinus (“goosefoot”; “pes anserinus syndrome”) is the anatomic location 
where the sartorius, gracilis, semimembranosus and semitendinosus tendons con-
nect to the medial aspect of the tibia. Along with the tendons, there is an underlying 
pes anserinus bursa, which was first described as a source of chronic pain by 

Essential Concepts
• Periarticular knee injections are an effective diagnostic and therapeutic 

tool in treating a variety of painful knee conditions.
• The pes anserinus bursa represents a significant cause of non-articular knee 

pain, and after appropriate workup may be treated with injections of ste-
roid and local anesthetic.

• Careful history, physical exam, and judicious use of diagnostic imaging 
can help isolate pain syndromes that may be complex and overlapping.

• Injections are typically low risk and are often aided by ultrasound.
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Moschcowitz in 1937 [1]. As a pain syndrome, while there is some evidence in 
patients on ultrasound (US) and magnetic resonance imaging (MRI) [2–10], it 
remains primarily clinically diagnosed [1, 3, 4, 7, 8, 11, 12]. While surgery may be 
an option for some patients, injections with steroids have provided a less invasive 
alternative, and relief after injections can aid in diagnosis [8, 11].

 Indications and Contraindications

Table 1 summarizes the associated conditions and clinical findings of pes anserinus. 
Pes anserinus remains a predominantly clinical diagnosis [1, 3, 4, 7, 8, 11, 12] and 
a diagnosis of pes anserinus syndrome should be considered in a patient presenting 
with these clinical findings without evidence of other pathology. Before considering 
an injection, a patient may consider rest, ice, medical therapy and physical therapy 
[8, 11]. Patient refusal, active infection or bleeding risk or inability to tolerate ste-
roids or local anesthetic would be contraindications to this procedure.

 Clinical Anatomy

The pes anserinus (PA) is the anatomic location where the sartorius, gracilis, semi-
membranosus and semitendinosus tendons connect to the medial aspect of the tibia 
(Fig. 1a). The PA bursa is typically immediately proximal to the tendon insertion 
[13], and typically does not communicate with the knee joint [6, 7]. Anatomically, 
studies have evaluated the distance from the PA bursa to the medial joint line of the 
knee (2.5–3 cm below the joint line) [2, 4, 10], or by using the tibial tuberosity as a 
reference point (2 cm medial, 1.2 cm superior from the inferomedial point of the 
tibial tuberosity) [14]. While anatomic approach for injection of the PA bursa is pos-
sible, ultrasound guidance can improve injection safety and accuracy while evaluat-
ing for other potential sources of knee pain [4, 8]. The PA is richly innervated and 
surrounded by the inferior medial genicular artery, the lateral genicular artery, and 
the anterior tibial recurrent artery [15].

Table 1 A summary of associated conditions and clinical finds of pes anserinus

Clinical findings Associations
Medial knee pain Type-2 diabetes mellitus [3]
Pain worse when ascending or descending stairs 
[3, 4]

Knee osteoarthritis [4]

Pain worse at night [3] Rheumatoid arthritis [1]
Pain getting out of a chair/car [1, 3] Fibromyalgia [1]
Pain for at least 2 weeks [3, 4] Long-distance runners [1, 7]
Pain when performing weight-bearing activity [3, 4] Overweight patients [1, 7]
Relief with rest and heat [1, 7, 11] Women [1, 7]
Pain not better explained by other symptoms Incidence peaks age 50 (+/− 13 years) 

[12]
Improvement with injection of local anesthetic 
[8, 11]

K. J. Hinrichs et al.
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a

b

Fig. 1 (a) Example of pes 
anserinus bursae location 
(shaded circle) with tendon 
insertion as viewed from 
the medial aspect of the 
knee. (b) Left knee viewed 
from the medial aspect, 
with labeled tibial 
tuberosity and injection 
site (arrow)

Table 2 Equipment and supplies

Syringe 3 or 5 mL
Needle 25-gauge, 1.5″ (or 38-mm) needle [7]
Anesthetic 0.25 Bupivacaine

1–2% Lidocaine [1, 2, 13]
Corticosteroid Triamcinolone 20–40 mg (t1/2 life: 18–36 h), betamethasone 6 mg (t1/2 life: 

36–54 h)
Methylprednisolone 20–40 mg (t1/2 life: 18–36 h) [1, 2, 12]

Ultrasound Linear US probe [2–4]

 Equipment and Supplies

Pes anserinus blocks are easily performed at bedside. A list of equipment and sup-
plies is provided in Table 2. A syringe with a 25 gauge, 1.5 in. needle is utilized to 
inject 3 mL of the anesthetic solution. Anesthetic solution usually consists of the 
local anesthetic lidocaine or bupivacaine, with or without a corticosteroid. Local 
anesthetic only can be considered for diagnostic block [8, 11] and if there is a con-
traindication to steroid injection.

Periarticular Knee Injections
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2  Pes Anserinus Bursa Injection, Landmark Technique

Before the patient is draped and prepped, consider a US survey to visualize for other 
soft tissue pathologies that may mimic pes anserinus [1, 4]. Patient is positioned 
supine with knee gently flexed and in slight external rotation [1, 8].

Using a surgical marker, delineate significant landmarks and injection site 
(Fig. 1b). Before ultrasound, injections were frequently performed at the point of 
maximal tenderness, where the needle would be advanced perpendicularly until 
bone was contacted, then withdrawn 2–3 mm and medications were injected [1, 12, 
16]. Others have suggested an alternative method using the tibial tuberosity as a 
reference point (2 cm medial, 1.2 cm superior from the inferomedial point of the 
tibial tuberosity), angling the needle trajectory 20° from a front-facing view inferi-
orly and medially [14].

Always adhere to aseptic technique. Slight resistance to injection can be antici-
pated. Care should be taken to avoid injection into tendon [1]. Patients are unlikely 
to benefit from repeat injections if no benefit is noted. Injections can be repeated for 
those who demonstrate improvement (no more than three injections per year) [1].

3  Pes Anserinus Bursa Injection, Ultrasound Technique

Studies suggest US guidance can help decrease pain when compared to blind PA 
bursa injection [16]. The patient is positioned and prepared as previously described 
[1, 8]. The pes anserinus tendon insertion region (PA) is located 2.5–3 cm distal to 
the medial joint line with the transducer placed longitudinally (Fig. 2a) [2, 4]. The 
anatomy can be confirmed by keeping this in mind while tracing the tendons (sarto-
rius, gracilis, semimembranosus and semitendinosus tendons) to their insertion 
point [1]. The tendons, which appear as echogenic, oval, fibrillar structures [1] can 
be traced from the posterior-medial thigh, where initially one may first identify the 
semitendinosus tendon. Scanning inferiorly and rotating the probe to keep the liga-
ments in a transverse view, the other tendons will come into view as they converge 
superficial to the medial collateral ligament (MCL) [1, 14, 16]. At this level the 
needle is slowly inserted in-plane (Fig. 2b) and is placed above the MCL, then aspi-
rated. Injection must be slow, avoiding injection under pressure and watching spread 
above MCL on US (note: The inferior medial genicular artery is located deep to the 
MCL in this region [1, 14, 16]).

4  Potential Complications and Adverse Effects

Although generally well tolerated, occasional adverse reactions and complications 
can occur. Table 3 summarizes the potential complications and adverse effects of 
pes anserinus injection. Complications can be reduced by evaluating any potential 
patient-specific risk factors [1].

K. J. Hinrichs et al.
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a

b

Fig. 2 (a) Example of US 
positioning and needle 
approach. (b) 
*Approximate location of 
pes anserinus bursae under 
ultrasound visualization 
with example needle path 
to pes anserinus bursae 
(solid white line). Notably, 
the pes anserinus bursae 
may not be detectable 
unless inflamed or swollen. 
US guidance can be used 
to help rule out other 
pathology and should be 
used in conjunction with 
anatomic landmarks, the 
point of maximal 
tenderness and there 
should be a lack of 
resistance to injection

Table 3 Summary of potential complications and adverse effects of pes anserinus injection

Bleeding
Infection [13]
Pain with injection and immediately following procedure (up to 30% of patients) [1]
Direct tendon injection, and in extreme cases tendon weakness/rupture [1]
Fat atrophy [1]
Skin depigmentation [1]
Anaphylaxis can occur with the use of lidocaine or bupivacaine anesthetic, and blocks should 
not be performed if there has been a prior allergic reaction to the anesthetic

Periarticular Knee Injections
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Clinical and Technical Pearls
• Pes anserinus bursa injection is a bedside procedure that is aided by ultrasound 

and can provide prolonged relief while also providing diagnostic information.
• Pes anserinus remains a clinical diagnosis. Careful physical exam, ruling 

out other potential pathologies, and patient selection are important factors 
to consider before performing an injection.

• Avoid injecting under pressure.
• Counsel patients on the possibility of pain immediately following injection.
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Genicular Nerves Blocks

Priyanka Ghosh and Lynn Kohan

1  Genicular Nerve Blocks

 Overview

Knee pain, including osteoarthritis of the knee, affects 250 million people world-
wide, and 20–30% of those over the age of 65 have knee pain [1]. Treatment for 
knee pain includes conservative options such as physical therapy, anti-inflammatory 

Essential Concepts
• Genicular nerve blocks are an effective tool to diagnose and treat osteoar-

thritic knee pain.
• The most common nerves targeted for nerve block are the superior medial, 

superior lateral, and inferior medial genicular nerves.
• The procedure can be performed with an ultrasound approach at the bedside.
• Treating OA causing knee pain is the main goal of a genicular nerve block.
• Genicular nerve blocks are relatively technically easy to perform and well 

tolerated, and patients experience relatively few side effects.
• Pain relief is rapid, and the duration of therapeutic benefit may last days to 

weeks, to months.
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drugs, and injections with steroids or hyaluronic acid. Total knee arthroplasty 
(TKA) remains the gold standard for advanced knee OA, however, even after sur-
gery almost half of patients, approximately 44%, report persistent pain [1]. 
Unfortunately, knee pain has a lack of optimal treatment options, necessitating 
alternative methods to manage these patients. A relatively novel option is blockade 
of the genicular nerves, the sensory nerves which lie on the periosteum before enter-
ing the knee joint capsule and are easily located using bony landmarks and ultra-
sound guidance. More commonly, this procedure has been performed with the use 
of fluoroscopic guidance, however, the procedure may be done with ultrasound 
guidance thus enabling it to be performed at the bedside.

 Indications and Contraindications

Patients who have refractory knee pain despite more conservative measures are 
good candidates for genicular nerve blocks. Other appropriate patients are patients 
with OA who want to avoid surgery, are not candidates for surgery, patients who 
have failed knee replacement and found to have no structural issues with their 
replacement, and patients who have had successful pain relief with genicular nerve 
blocks or radiofrequency ablation (RFA) in the past whose pain has returned 
(Table 1). Genicular nerve blocks are relatively safe and have relatively few contra-
indications, the majority falling into either active infection at the site of nerve block 
or unstable or unsuitable knee joint anatomy.

 Clinical Anatomy

The innervation to the anterior knee capsule is complex (Fig. 1). Description of the 
trajectory of the genicular nerves supplying the anterior knee capsule has varied in the 
literature [2]. Three of the branches that supply the anterior knee capsule are the supe-
rior medial (SM), superior lateral (SL), and inferior medial (IM) genicular nerves.

The genicular nerves are traditionally thought to arise from branches of three 
major nerves: the sciatic, femoral, and obturator, which are all derived from the 
lumbar plexus [3, 4]; however, their anatomic origins can be somewhat variable [5]. 

Table 1 Patients suitable for genicular nerve block

Patients with refractory knee pain secondary to OA who have failed conservative treatment
Patients with all Kellgren–Lawrence grades can be considered
Patients with refractory OA knee pain who want to avoid surgery
Patients with refractory OA knee pain who are not good surgical candidates secondary to high 
body mass index (BMI)
Patients with refractory OA knee pain who are not good surgical candidates because of 
co-morbidities
Patients who have failed knee replacement and found to have no structural problems with their 
replacement
Patients who had previous successful genicular nerve block or RFA, whose pain has returned

P. Ghosh and L. Kohan
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Fig. 1 Innervation of the anterior knee capsule. (Printed with permission from Vanneste B, 
Tomlinson J, Desmet M, Krol A. Feasibility of an ultrasound-guided approach to radiofrequency 
ablation of the superiorlateral, superiormedial, and inferiormedial genicular nerves: a cadaveric 
study. Regional Anesthesia Pain Medicine 2019; 0: 1–5)

Within the popliteal fossa, the sciatic nerve bifurcates into the tibial and common 
peroneal nerves. The tibial nerve remains posterior in the lower leg and gives rise to 
the SM and IM genicular nerves, which innervate the superior and inferior medial 
aspects of the knee joint respectively. The SM nerve may also arise from the femoral 
nerve [5]. The common peroneal nerve continues into the anterior compartment of 
the lower leg and gives rise to the SL genicular nerve, which innervates the anterior 
portion of the knee; it also gives off the inferior lateral genicular nerve (IL) which is 
not targeted due to its close proximity to the common peroneal nerve causing foot 
drop. The saphenous nerve, a cutaneous branch of the femoral nerve, gives off the 
suprapatellar and infrapatellar (IP) genicular nerves to the anterior portion of the 
knee. The obturator nerve has a more variable contribution than other nerves. Its 
posterior branch can provide an articular branch to the posterior knee. The main 
three targets for genicular nerve blocks are the SL, SM and IM genicular nerves.

Genicular Nerves Blocks
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 Equipment and Supplies

Genicular nerve blocks are easily performed at the bedside, utilizing ultrasound- 
guidance or can be performed in the fluoroscopy suite. Depending on patient body 
habitus, you can utilize 22 or 25 G 2 or 3.5 in. needles. If 22 G needles are employed 
a small 25–27-gauge 1–1.5 in. needle is used to locally anesthetize the skin. The 
three procedure needles are inserted near the three sites of interest and injected with 
0.5 mL of local anesthetic at each site, for a total of 1.5 mL of total injectate for 
three sites for a plane block. For a therapeutic block, utilize 2 mL of injectate per 
site (Table 2).

 Ultrasound Technique

The patient is positioned supine with a pillow underneath the popliteal fossa to 
lessen discomfort. The area to be treated is prepped and draped in sterile manner. A 
12 MHz linear transducer is utilized. The transducer should first be placed parallel 
to the long bone shaft and moved up or down to identify the epicondyle of the long 
bone (Fig. 2).

For the SL genicular nerve, the transducer can be placed in a coronal plane on the 
lateral side of the femoral shaft. The transducer should then be moved distally and 
centered on the junction of the between the lateral femoral condyle and the shaft [6]. 
For the SM genicular nerve, the transducer should be placed on the medial side of 
the femoral shaft and then moved distally to the junction of the medial femoral 
condyle and the shaft [6]. For the IM genicular nerve can be placed in a coronal 
plane on the medial side of the tibial shaft. The probe can then be moved proximally 
to the junction of the medial epicondyle and the shaft [6] (Fig. 2).

Next one can confirm the location of the genicular arteries with Doppler flow. 
Once the arteries are identified, the SM, SL, and IM genicular nerves can be identi-
fied adjacent to the arteries (Fig. 3).

Ultrasound-guided identification of the genicular nerve block target sites.
Insert the needle tip, in plane in the long-axis view next to each genicular artery, 

aspirate to assure no vascular puncture and inject 0.5 mL of injectate at each of the 
three sites. Remove the needles and place band-aid over injection site if warranted.

Table 2 Required supplies for genicular nerve blocks

Syringe 5 mL syringes [2]
Needle 25–27-Gauge (G) 1–1.5 in. needle [3]

25 G 2 in. or 3.5 in. OR 22 G 2 in. or 3.5 in. needles [3]
Ultrasound Linear 12 MHz probe
Anesthetic 1–2% Lidocaine for numbing skin; 0.25–0.5% bupivacaine for injectate
Corticosteroid Triamcinolone 5–40 mg (t1/2 life: 18–36 h), betamethasone 10 mg (t1/2 life: 

36–54 h), dexamethasone 4 mg (t1/2 life: 36–54 h)
Methylprednisolone 80–125 mg (t1/2 life: 18–36 h)

Adjuncts Can consider adding clonidine

P. Ghosh and L. Kohan
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a c e

b d f

Fig. 2 (a–c) Probe positioning (in healthy volunteer) and ultrasound images (in cadaver) with the 
RF cannula in the final position. (a) Target point for the SLGN in the coronal plane. (b) Final posi-
tion of the RF cannula for the SLGN in the transverse plane. (c) Target point for the SMGN in the 
coronal plane. (d) Final position of the RF cannula for the SMGN in the transverse plane. (e) 
Target point for the IMGN in the coronal plane. (f) Final position of the RF cannula for the IMGN 
in the transverse plane. Left is proximal, right is distal (a, c, e); left is anterior, right is posterior (b, 
d, e). F femur, IMGN inferomedial genicular nerve, LeF lateral epicondyle femur, MeF medial 
epicondyle femur, MeT medial epicondyle tibia, RF radiofrequency, SLGN superolateral genicular 
nerve, SMGN superomedial genicular nerve, T tibia. (Printed with permission from Vanneste B, 
Tomlinson J, Desmet M, Krol A. Feasibility of an ultrasound-guided approach to radiofrequency 
ablation of the superiorlateral, superiormedial, and inferiormedial genicular nerves: a cadaveric 
study. Regional Anesthesia Pain Medicine 2019; 0: 1–5)
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a

b

c

Fig. 3 Ultrasound-guided 
identification of GNB 
target sites. Representative 
longitudinal images of the 
knee at the level of the 
distal femoral condyle and 
medial tibial metaphysis 
are shown. The superior 
lateral (a), superior medial 
(b), and inferior medial (c) 
genicular nerves 
(arrowhead) accompany 
each genicular artery 
(white arrow). (Printed 
with permission from Choi 
W, PhD, Shin JW, MD, 
Lee IG, MD, Seo DK, MD, 
Lee SH, MD, Kim DH, 
Choi SS, Yoon 
SH. Ultrasound-Guided 
Genicular Nerve Block for 
Knee Osteoarthritis: A 
Double-Blind, Randomized 
Controlled Trial of Local 
Anesthetic Alone or in 
Combination with 
Corticosteroid Randomized 
Trial Pain Physician 2018; 
21: 41–52)

 Potential Complications and Adverse Effects

Although generally well tolerated by patients, occasional adverse reactions and 
complications can occur which the clinician should be aware of when performing 
the genicular nerve blockade (Table 3). Aside from the discomfort of pain or muscle 
spasms, adverse events are relatively rare. They include vascular injection of local 
anesthesia given proximity to genicular arteries, increased pain, decreased mobility 
and increased stiffness.
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Table 3 Additional potential complications and adverse effects

Pressure should be applied to prevent hematoma production in patients with bleeding disorders 
or on anticoagulation
Due to the risk of vasoconstriction of the genicular artery resulting in necrosis, local anesthetic 
with epinephrine should not be used
Risks should be weighed against potential benefits when utilizing genicular nerve blocks during 
pregnancy
Anaphylaxis can occur with use of lidocaine or bupivacaine anesthetic, and blocks should not 
be performed if there has been a prior allergic reaction to the anesthetic
Patients receiving frequent injections or perhaps using corticosteroids, either orally or as a 
result of other interventional procedures, are at risk for developing Cushing syndrome or 
adrenal insufficiency. Clinicians must be diligent in questioning patients specifically about the 
potential recent use of steroids as this medication history is often not reported by the patient
Meticulous attention should be paid in patients with bony defects or prior TKR while 
performing this block

Clinical and Technical Pearls
• Genicular nerve blocks, performed via ultrasound, are guided by identifi-

cation of the genicular arteries next to the superior medial, superior lateral, 
and inferior medial genicular nerves.

• Imperative to utilize Doppler flow on ultrasound and very carefully aspi-
rate before each injection to avoid intravascular injection given the prox-
imity to the arteries.
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Ankle Block

Peter Merjavy

Essential Concepts
Ankle blocks can be performed easily at the bedside using either the landmark 

technique or with ultrasound guidance.
Ultrasound guidance may improve block success compared with the land-

mark technique.
The ankle blocks provides anesthesia/analgesia to the foot and toes.
The foot is supplied by five nerves. Two of them are deep and three are 

superficial.

• TD—The Two Deep are the Tibial nerve and Deep Peroneal nerve.
• SSS—Three Superficial are the Sural, Saphenous and Superficial 

Peroneal nerves.
• All nerves are branches of sciatic nerve (sacral plexus) except the 

saphenous nerve, which is the terminal branch of femoral nerve (lumbar 
plexus) (Fig. 1).
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Fig. 1 Dermatomes of Saphenous Nerve (SaN), Sural Nerve (SuN), Medial Calcaneal 
Branch (MCB) of Tibial Nerve (TN), Medial Plantat Nerve (MPN) of TN, Common Peroneal 
Nerve (CPN), Superficial Peroneal Nerve (SPN), and the Deep Peroneal Nere (DPN)

1  Overview

Regional anesthesia to the foot can be challenging secondary to the complicated nerve 
supply of the foot and varied locations of the nerves around the ankle. Anesthesia and 
analgesia, however can be adequately achieved via the use of an ankle block either via a 
landmark or ultrasound guided technique. An advantage of the ankle block over other 
lower-limb blocks is that it is associated with minimal motor block, allowing early 
mobilization especially in the ambulatory surgery setting [1]. An ankle block can be 
safely offered to patients undergoing foot surgery as it can provide both intraoperative 
anaesthesia and postoperative analgesia. Ankle blocks can also be used for analgesia 
after various foot injuries. Traditionally the landmark technique has been considered as 
an infiltration block. Advantages of the ultrasound technique include the potential for 
more reliable surgical anaesthesia and reduction of local anaesthetic volume required [1].

2  Indications and Contraindications

 Indications

An ankle block can be used to provide anesthesia/analgesia for most types of foot 
surgeries including forefoot reconstruction, bunionectomies, arthroplasty, osteot-
omy, and amputation [2–4]. Ankle blocks can also be used to provide analgesia for 
foot fractures, and pain from soft tissue injuries. Additionally, ankle blocks can be 
utilized for diagnostic or therapeutic purposes for spastic equinovarus or sympa-
thetically mediated pain. Ankle blocks are ideal for outpatient surgery since motor 
block of the proximal leg and calf does not occur [2–4].
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 Contraindications

• Absolute contraindications: patient refusal, infection at the site of injection, 
allergy to local anaesthetics and/or adjuvants [4].

• Relative contraindications: bleeding disorders or active effect of anticoagulants 
(ankle block may still be performed with informed consent and appropriate cau-
tion during and after the procedure); peripheral neuropathy, peripheral demyelin-
ating disease, or pre-existing sensory deficits in the distribution of the nerves 
involved. Ankle tourniquet is generally well tolerated by patients up to 90 min. 
Calf or thigh tourniquets are relatively contraindicated as the area of tourniquet 
is not covered by the nerve block and will require more proximal block, neur-
axial block or general anaesthesia. Solutions containing adrenaline (epinephrine) 
should be avoided for the ankle block because of potential risk of compromising 
the distal vascular supply if the foot [4].

3  Equipment and Supplies

• Patent IV access
• Anxiolysis—pharmacological (Midazolam 0.5–1  mg, Fentanyl 50–75  μg) or 

non-pharmacological (music via headphones, virtual reality glasses … etc.) 
if needed.

• Personal protective equipment (hat, mask) and sterile gloves
• Skin prep solution such as Chlorhexidine gluconate 2% with isopropyl 

alcohol 70%
• Ultrasound machine with high frequency linear transducer (12–15  MHz) and 

sterile ultrasound probe cover (transparent dressing or sleeve) and sterile ultra-
sound gel

• Trolley with sterile tray or sterile drape
• 4 cm 27 G needle (25G needle can be used as well) with 2 × 10 or 1 × 20 mL 

(cc) syringe
• Long-acting local anesthetic (0.75–1% Ropivacaine, 0.5% Bupivacaine or 

0.5–0.75% Levobupivacaine)
• Short acting local anesthetic (1% lidocaine) for anesthetizing skin is usually not 

necessary.
• Sterile dressings to cover the injection points

4  Ankle Block

 Tibial Nerve

 Anatomy
The tibial nerve TN (nervus tibialis) is the larger of the two terminal branches of the 
sciatic nerve. It continues further caudally within the popliteal fossa toward the 
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popliteal skin crease and lies posterior and lateral to the popliteal vessels. Within the 
lower aspect of the popliteal fossa, it sends sensory and muscular branches to the 
major ankle flexors (the gastrocnemius and soleus muscles) as well as articular 
branches to the knee joint. The TN then courses distally with the popliteal vessels 
deep to the tendinous arch of the soleus and runs along the dorsal surface of the tibi-
alis posterior muscle. At the distal third of the lower leg, the TN emerges from 
beneath the soleus and enters the foot through the tarsal tunnel behind the medial 
malleolus and lies posterior to the posterior tibial vessels [5, 6].

Proximal to the medial malleolus, the TN (often wrongly named in this loca-
tion as posterior tibial nerve) gives off its medial calcaneal branch (be aware, that 
lateral calcaneal branch comes from the sural nerve), which supplies the medial 
part of the heel. At the level of the medial malleolus, the TN lies on and superficial 
to the belly and tendon of flexor hallucis longus (FHL) muscle, covered by super-
ficial and deep fascia, and is typically found immediately dorsal to the posterior 
tibial artery [5, 7]. As the TN crosses over to the plantar aspect of the foot, it gives 
off the medial and lateral plantar nerves, which provide sensory and motor inner-
vation to the foot and ankle. The medial plantar nerve supplies digital nerves to 
the medial 3 1/2 toes, whereas the lateral plantar nerve sends digital nerves to the 
lateral 1 1/2 toes [7].

 Sonoanatomy
The nerve typically appears hyperechoic with honeycomb pattern. A useful mne-
monic for the relevant structures seen from anterior to posterior is “Tom, Dick ANd 
Harry”, which refers to the Tibialis posterior tendon, flexor Digitorum longus ten-
don, Artery + Nerve + (typically) two veins and flexor Hallucis longus tendon 
(FHL) lying deep to these structures. The nerve’s intimate relationship with the 
artery should be kept in mind to avoid misidentification as TN usually lies posterior 
to the posterior tibial vessels but occasionally lies anteriorly. The tibial nerve can be 
confused with the FHL tendon. In case of doubt, scan proximally and distally to 
identify the structures again. The tibial nerve can be seen lying on the sheath of 
FHL, which appears as a hyperechoic (white) line. The FHL tendon is seen within 
the muscle [4, 6] (Fig. 2).

Fig. 2 Patient position and needle approach for U/S guided tibial nerve (TN) block. U/S image 
shows relationship of posterior tibial (PT), flexor digitorum longus (FDL), flexor hallucis longus 
(FHL) muscles as well as posterior tibial artery (PTA) with associates veins and deep fascia
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 Block Performance
• Scan just above the level of the medial malleolus, from tibia to Achilles tendon.
• Identify all the structures described above, by scanning up and down the leg.
• Approach the nerve from posterior to anterior (to avoid tibialis posterior and 

flexor digitorum longus tendons) at a level where the nerve is most easily visible; 
which may be up to 10 cm proximal to the ankle.

• Aim for a 6 o’clock position then a 12 o’clock position to get a circumferential 
spread of local anaesthetic (LA); 5–7 mL is a typical volume.

• Ensure that your probe rests proximally enough to ensure the needle approach 
will not pierce the Achilles tendon.

• Caution must be used when the tibial nerve lies anterior to the vessels as the ten-
don of FHL then lies posterior to vessels and may easily be mistaken for the nerve.

 Deep Peroneal Nerve

 Anatomy
The deep peroneal nerve DPN (nervus peroneus profundus) is a branch of common 
peroneal nerve CPN, which is the lateral terminal branch of the sciatic nerve. It 
travels obliquely along the lateral border of the popliteal fossa just medial to the 
tendon of the long head of the biceps femoris muscle. It exits the popliteal fossa by 
crossing over the lateral head of the gastrocnemius and can be found subcutane-
ously between the fibular head and the peroneus longus muscle.

As it runs around the neck of the fibula, the CPN divides into its two terminal 
branches: the superficial and deep peroneal nerve. The deep peroneal nerve passes 
posterior to the extensor digitorum longus and anterior to the interosseous mem-
brane, where it is joined by the anterior tibial artery [5].

The deep peroneal nerve enters the dorsal aspect of the foot, deep to the extensor 
retinaculum between the tendons of extensor hallucis and digitorum longus and 
usually lateral to the dorsalis pedis artery (continuation of anterior tibial artery). 
Along its course, the deep peroneal nerve supplies the anterior muscle group of the 
lower leg and provides an articular branch to the ankle joint as well as a cutaneous 
branch to the first interdigital space [5, 6].

 Sonoanatomy
In the leg the deep peroneal nerve descends on the anterior surface of the interosseus 
membrane (membrana interossea) before passing medially over the anterolateral 
surface of the distal tibia. Throughout its course the nerve is associated with the 
anterior tibial vessels. As it descends, it is commonly described as lying lateral to 
the vessels then anterior then reverts to lateral. However, the nerve may also lie 
medial to the vessels [7].

Proximal to the ankle joint the structures seen from medial to lateral are tibialis ante-
rior, extensor hallucis longus, anterior tibial artery, deep peroneal nerve and extensor 
digitorum longus. The nerve usually appears hypoechoic with a hyperechoic rim, but it 
is small and often difficult to distinguish from the surrounding tissue [4, 6] (Figs. 3 and 4).
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Fig. 3 Patient position and needle approach for U/S guided deep peroneal nerve (DPN) block. U/S 
image shows relationship of tibialis anterior (TA), extensor hallucis longus (EHL) and extensor 
digitorum longus (EDL) muscles with anterior tibial artery (ATA) at the distal part of tibia

Fig. 4 U/S image shows both superficial peroneal nerve (SPN) and deep peroneal nerve (DPN) 
and their relationship with extensor digitorum longus (EDL), peroneus brevis (PB), peroneus lon-
gus (PL) muscles, anterior tibial artery (ATA), deep fascia and interosseous membrane in the mid-
dle of the calf. One needle insertion point can be used to block both nerves

 Block Performance
• Use a high resolution and low depth setting of your ultrasound probe
• Place the probe in transverse axis over the ankle joint.
• Identify the pulsatile anterior tibial artery/dorsal pedis artery (it is often accom-

panied by two veins). Do not apply too much pressure as the vessel is easily 
compressed.

• Trace the artery proximally and use the bright hyperechoic reflection of the tibia 
to contrast the nerve and vessel. The deep peroneal nerve is usually seen as a 
small hypoechoic structure rolling over the top of the vessels from medial to 
lateral.

• Approach the nerve in-plane from lateral to medial, try to avoid tendons and 
periosteum as this is quite painful.

• After negative aspiration give 1–2 mL of local anaesthetic (LA).
• If you can’t see the nerve, then carefully inject LA on either side of the anterior 

tibial artery
• You may choose to block the DPN more proximally. In this case place your 

probe in short axis over middle of shin. Visualise interosseous membrane and 
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anterior tibial artery. Place your needle tip just lateral to artery and inject 
5–7 mL of LA.

• There is a possibility to use same injection point at skin for SPN and proximal 
approach to DPN.

 Superficial Peroneal Nerve

 Anatomy
After bifurcation from CPN, the superficial peroneal nerve SPN (nervus peroneus 
superficialis) travels down through the leg lying first between peroneus longus and 
brevis and then in the groove between peroneus brevis and extensor digitorum lon-
gus underneath the cover of deep fascia (fascia cruris) to supply the ankle eversion 
muscles. In the lower third of the anterolateral surface of the leg (10–20 cm above 
the ankle joint) it pierces the deep fascia and divides into two or three small branches 
that provide cutaneous sensory innervation to the dorsal aspect of the ankle and foot 
[4, 5, 7].

 Sonoanatomy
In the distal two-thirds of the leg, this nerve emerges between peroneus longus and 
brevis proximally to lie between peroneus brevis and extensor digitorum longus 
distally. The nerve pierces the deep fascia to lie superficially in the lower part of the 
leg before dividing and passing onto the foot.

Proximal to the lateral malleolus, in the anterolateral aspect of the distal third of 
leg, the structures seen from anteromedial to posterolateral are extensor digitorum 
longus and peroneus brevis muscle and longus tendon (overlying the fibula). The 
nerve usually lies in the groove formed by the junction of the two muscles. It can be 
seen traversing the deep fascia to lie superficially before flattening and dividing as 
one scans proximally to distally [6].

Be aware that this is a small nerve and there are no helpful vascular landmarks 
therefore a good understanding of the sono-anatomy is essential for block success 
[7] (Fig. 5).

Fig. 5 Patient position and needle approach for U/S guided superficial peroneal (SPN) block. U/S 
image shows relationship with extensor digitorum longus (EDL) and peroneus brevis (PB) muscles 
at distal third of the lateral calf
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 Block Performance
• Aim to block the nerve before it gives off any proximal branches
• Place the probe in the anterolateral aspect of the distal third of the leg in trans-

verse axis (approximately 5–10 cm proximal and anterior to the lateral malleolus).
• Scan up and down and from medial to lateral to identify the above structures.
• As the fibula dives deep two muscle bellies merge towards each other. The ante-

rior muscle is extensor digitorum longus and posteriorly is peroneus brevis (at 
this level you can usually see the tendon of peroneus longus lying superficial to 
it as a thin dark band surrounded by a bright connective tissue).

• As you scan proximally keep the junction of these two muscles in the centre of 
your screen

• The superficial peroneal nerve can be seen passing posteriorly, superficial to the 
deep fascia over the belly of EDL, before penetrating fascia to lie in the groove 
formed between the two muscles.

• It lies within this groove for a variable distance before diving between peroneus 
brevis and longus.

• Scan the course of the nerve until you are confident of its relationship to the other 
structures

 Sural Nerve

 Anatomy
The sural nerve SuN (nervus suralis) is formed by the union of the medial sural 
cutaneous nerve MSCN from TN and lateral sural communicating branch LSCN of 
the CPN at the knee joint (nervus cutaneus surae medialis et lateralis). In the major-
ity (81%) of cases, the MSCN descends between the two heads of the gastrocnemius 
muscles where it receives the peroneal communicating branch (LSCN) to form the 
common sural nerve. Occasionally, the common sural nerve is derived solely from 
the TN (18% of cases) or the CPN (1% of cases). SuN then continues distally and 
courses between the dorsal aspect of the Achilles tendon and the dorsal aspect of the 
lateral malleolus in close proximity and either anterior or posterior to the small 
saphenous vein (vena saphena parva). The sural nerve provides cutaneous innerva-
tion to the posterolateral aspects of the lower leg and ankle, lateral part of the heel 
as well as the dorsolateral aspect of the foot [5, 6].

 Sonoanatomy
Proximal to the lateral malleolus, the sural nerve can be visualized as a small hyper-
echoic structure that is usually anterior to the compressible small saphenous vein, 
lying on a fascial plane (deep fascia) between the peroneus brevis anteriorly and 
Achilles tendon posteriorly. The sural nerve, can be traced back along the posterior 
aspect of the leg, running in the midline superficial to the Achilles tendon and two 
bellies of gastrocnemius muscles. A calf tourniquet can be used to increase the size 
of the vein and facilitate its imaging; the nerve is often found in the immediate 
vicinity of the vein [4, 6] (Fig. 6).
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Fig. 6 Patient position and needle approach for U/S guided sural nerve (SuN) block. U/S image 
shows relationship with Achilles tendon, peroneus brevis (PB) muscle, small saphenous vein 
(SSV) and deep fascia

 Block Performance
• Place the probe over the posterolateral aspect of the leg, just proximal to the 

lateral malleolus.
• Scan up and down and from anterior to posterior to identify the structures 

described above and the fascial plane between the peroneus brevis and Achilles 
tendon to locate the small saphenous vein.

• Tendon of peroneus longus is visible as a dark oval structure, superficial and 
lying over the belly of peroneus brevis

• Apply only gentle pressure as the vein is easily compressed. The nerve is usually 
visualized just anterior to the vein.

• Follow the nerve proximally as it passes posteriorly over the Achilles tendon and 
observe its relationship to the vein to make sure you will block the correct 
structure

• Using an in-plane approach, inject 1–4 mL of LA.
• Aim to direct your needle with an anterior in-plane approach taking care to avoid 

the tendon of peroneus longus.

 Saphenous Nerve

 Anatomy
The saphenous nerve (SaN)  is the terminal cutaneous branch of the femoral nerve. 
It descends the leg medially in close relationship to the great saphenous vein (vena 
saphena magna) before passing anteriorly to the medial malleolus [6].

The SaN innervates the medial part of the lower leg below the knee and medial 
malleolus down to the first tarsometatarsal joint (usually 5–7 cm distal to medial 
malleolus). Occasionally (3%) it extends 1–1.5 cm distally, but not to the base of the 
great toe. It is therefore necessary for medial ankle surgery, but not for forefoot 
surgery [8].

 Sonoanatomy
The saphenous nerve travels down the medial aspect of the leg usually posterior and 
in close proximity to the great saphenous vein. At the ankle it passes in front of the 
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Fig. 7 Patient position and needle approach for U/S guided saphenous nerve (SaN) block. U/S 
image shows relationship with flexor digitorum longus (FDL) muscle, great saphenous vein 
(GSV), deep fascia and tibia approximately 5 cm above medial malleolus

medial malleolus. Identifying and visualizing this nerve with ultrasound is often 
difficult as it is very small and variable. If the surgical site requires the saphenous 
nerve to be blocked then performing a peri-venous injection around the great saphe-
nous vein proximal to the ankle will suffice.

If the vein has been harvested for coronary grafting a more proximal saphenous 
block above the knee (true adductor canal block) may be easier to perform [6, 7] 
(Fig. 7).

 Block Performance
• Gently place the probe over the anteromedial aspect of the ankle in the transverse 

axis, taking care not to compress the vein.
• Scan up and down and try to identify the nerve in close proximity to the vein and 

inject 1–2 mL of LA
• If not identified, perform a careful peri-venous injection of 3–5 mL of LA.
• The saphenous nerve block is not routinely performed for forefoot surgery, as it 

rarely supplies sensation this far distally.

 Ergonomics
• The injection point for all nerves is more proximal than the landmark technique. 

This is because of the bony prominence of the malleoli, which compromise good 
probe to skin contact.

• Whatever the position of the patient, the operator should maintain in-line with 
the probe and ultrasound screen, so there is no need to turn the head during 
needle insertion

• If needling with right hand stand, stand on the left-hand side of the patient, all 
nerves on both legs are accessible from this position so it avoids moving the 
equipment around the room.

• The patient may be positioned supine with the leg supported off the bed or supine 
with leg to be blocked crossed over the other leg, lateral decubitus or prone.

• We prefer position the patient supine with leg to be blocked crossed over the 
knee in a figure ‘4’ position.

• Always start with the tibial nerve, it is the largest nerve and therefore takes the 
longest for the block to develop (up to 20 min).
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• Position your needle initially deep to the nerve in the 6 o’clock position, inject, 
if spread is not circumferential then reposition your needle to the 12 o’clock 
position.

Landmark Technique
The tibial nerve is located just behind the medial malleolus, usually posterior to 
posterior tibial artery. A sharp 25–27G needle is inserted posterior to medial malleo-
lus and posterior tibial artery perpendicular to the skin. Needle is advanced deep to 
superficial fascia until the contact with the bone is observed. (After withdrawal of 
1–2 mm and 5–10 mL (cc) op LA is injected after negative aspiration).

Practitioner should be cautious as tibial nerve can occasionally be found on the 
other side of the artery and there are frequently one or two veins attached to poste-
rior tibial artery.

Deep peroneal nerve is located immediately lateral to the external hallucis lon-
gus muscle tendon (between tendons of extensor hallucis longus EHL and extensor 
digitorum longus EDL muscles). Anterior tibial artery (caudally known as dorsalis 
pedis artery) pulse can be usually found medially to the nerve. Index finger of non- 
dominant hand is used to palpate the groove between EHL and EHL tendons. Needle 
is inserted just lateral to pulse of the anterior tibial artery with slight cranial orienta-
tion until contact with the bone is observed. Needle is then withdrawn 1 mm and 
2–3 mL (cc) of LA is injected. This is repeated with redirection of the needle slightly 
laterally and further 2–3 mL of LA is injected, both after negative aspiration.

Deep peroneal nerve runs on the medial side of the anterior tibial artery in the 
proximal part of the ankle and moves over to the lateral side approximately at the 
level of intermalleolar line. However in couple of occasions the nerve is found with 
significant distance lateral to the artery (1–1.5 cm).

Three superficial nerves—Saphenous, Sural and Superficial peroneal nerves—
can be located by subcutaneous infiltration of local anaesthetic from medial edge of 
Achilles tendon, over the medial malleolus, front part of the intermalleolar space, 
lateral malleolus to the lateral aspect of the Achilles tendon. As this circumferential 
LA infiltration is technically a field block, larger volume—17–20 ml (cc)—of LA is 
often required.

Caution
Ankle block using landmark technique does not take into consideration anatomical 
variations of the nerves, does not address difficult landmarks (obesity, oedema), is 
associated with lower success rate, slower block onset times and larger LA volumes 
required [9–12]. Landmark technique is therefore not recommended to be used in 
clinical practice when ultrasound is readily available.

5  Potential Complications and Adverse Effects

The complication rate after ankle block is low. Complications include bleeding, 
infection, and transient paresthesias. Local anesthetic toxicity is rare given the low 
volume of local anesthetic used [3].
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Clinical and Technical Pearls
• Use a 40 mm 27-G hypodermic needle with a extension tube for remote 

injection. This needle reduces discomfort during injection, however, we 
would recommend that anaesthesiologists perfect their ‘in-plane’ needle 
technique before using these very sharp needles.

• Spray the small area immediately before each injection with Ethyl Chloride 
spray to cool the skin, which reduces the pain on injection.

• A 20-mL Luer-lock syringe does not result in unduly high injection pres-
sures and obviates the need to change syringe during the procedure (poten-
tially allowing air into the system), but we have also used 10-mL syringes.

• We prefer the in-plane technique to ensure excellent visualization of the 
whole needle shaft and tip at all times during insertion (this is particularly 
important with 27-G hypodermic needles, which do not possess a short 
bevelled tip) [6].

• When using veins as landmarks, use as little pressure as possible on the 
transducer in order to permit the veins to fill.

• The deep peroneal nerve is sometimes difficult to identify on ultrasound. 
An injection of small amount of LA around the artery may help with 
visualization.

• If the smaller superficial nerves (sural, saphenous and superficial peroneal) 
are not seen, these nerves can be blocked using the anatomical landmark 
technique—injecting local anaesthetic into the subcutaneous tissue as a 
“skin wheal”; for the sural nerve, inject from the Achilles tendon to the 
lateral malleolus; for the superficial peroneal and the saphenous, inject 
anteriorly from one malleolus to the other, taking care to avoid injuring the 
great saphenous vein [4].

• When testing the block, remember to inform the patient that the lateral 
border of the foot (sural) or the medial/proximal foot (saphenous) will feel 
normal if you have not blocked these nerves.

• We offer ultrasound-guided ankle blocks to our patients undergoing day-
case forefoot surgery. The advantages of the technique in our experience 
are rapid onset of reliable surgical anaesthesia, efficiency of placement 
(the nerves are found swiftly), and reduction of local anaesthetic volume 
required (we routinely use a total volume of 15 mL of local anaesthetic, but 
have reduced these volumes to 10 mL for bilateral surgery).

• Effective anxiolysis can be easily achieved before performing multiple LA 
injections using 0.5–1 mg of i.v. midazolam and 50–75 μg of i.v. fentanyl 
or other short-acting opioid.

• By avoiding general anaesthesia, our patients can step off the operating 
table, bypass the recovery unit and be ready for discharge immediately, 
which is ideal in the day-case unit [6].

• Block duration is related to type and concentration of LA used. We use 
0.5–0.75% Levobupivacaine and the duration of block is 20–28  h. It is 
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important to inform the patient about the rebound pain when nerve block 
wears off. In one study most of patients (78%) felt pain on block regression 
was acceptable but (22%) patients experienced difficult pain management. 
Patients appreciated avoiding GA: ‘no nausea’, ‘not woozy.’ Some reported 
pre-operative apprehension, however all patients said they would have the 
same anaesthetic technique again [13].

• 8 mg of systemic (i.v.) dexamethasone is equivalent to perineural dexa-
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with ropivacaine 0.375%. We see the protective effect against nausea or 
vomiting using the systemic route and therefore favour the systemic route 
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Take Home message
• Ultrasound-guided ankle block provides reliable anaesthesia and postop-

erative analgesia for awake forefoot surgery, allowing early mobilization in 
the day-care setting.

• Ankle block performed using ultrasound-guidance may improve block 
success, when compared with anatomic landmark-guided technique.

• A good knowledge of anatomy and sono-anatomy is essential.
• Block the tibial nerve first; as this nerve block takes the longest time to 

develop.
• Use of a 27-G needle reduces the discomfort of using a standard block 

needle in awake patients (however, great care is required with this sharp 
needle).
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Intra-Articular Injections of the Foot 
and Ankle

Minton Truitt Cooper

1  Overview

Injections of the foot and ankle are common procedures that can be useful for pro-
viding pain relief as well as diagnostic information. Essentially any joint may be 
injected, and it is useful to divide the foot and ankle into segments including the 
ankle/hindfoot, midfoot and forefoot. Each of these segments are susceptible to 
injury and other pathology, such as focal chondral lesions, osteoarthritis, inflamma-
tory arthritis, and synovitis. Osteoarthritis of the foot may occur in as much as 
16.7% of the population [1], with ankle arthritis occurring in over 3% of the 

Essential Concepts
• Intra-articular injections of the foot and ankle are effective tools for both 

treating and diagnosing a variety of joint pathologies of the foot and ankle
• Essentially any joint in the foot or ankle may be injected. The larger joints 

such as the ankle or subtalar joint are frequently injected with image guid-
ance. Smaller joints are typically injected under ultrasound or fluoroscopic 
guidance

• Therapeutic benefit may last from weeks to months
• Injections may be used for diagnostic purposes when the source of pain 

is unclear
• Although complications are rare, they may include infection or systemic 

effects of corticosteroids.
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population, with the majority being post-traumatic [2]. Improvement in pain and 
function may persist for 4 months to a year [3, 4]. If successful, injections may be 
repeated, however it is recommended to limit the number of injections to the same 
joint to 3–4 per year, attempting to space them out with 3–4 months between repeat 
injections.

Typically, glucocorticoids are used when therapeutic improvement is sought. 
The benefit is derived from the decrease in arachidonic acid derived pro- inflammatory 
chemicals within the joint fluid and synovium [5].

2  Indications and Contraindications

Indications for intra-articular injections of the foot and ankle include osteoarthritis, 
inflammatory conditions (including rheumatoid arthritis, psoriatic arthritis, gout), 
synovitis, and focal osteochondral lesions. Diagnostic injections may be performed 
when the source of a patient’s pain is unclear; this may be done with local anesthetic 
only, or in combination with corticosteroid. Contraindications: Contraindications to 
corticosteroid injections include infectious processes, acute injuries or fractures, 
neuropathic joints. Other considerations must include coagulopathies in which 
hemostasis cannot be maintained, uncontrolled diabetes mellitus where systemic 
effects may cause transient increase in blood glucose levels, or immunosuppressed 
patients.

3  Clinical Anatomy

The ankle joint is made up of the articulation between the tibia, fibula and talus 
(Fig. 1), and is primarily responsible for dorsiflexion and plantarflexion. The hind-
foot joints include the subtalar joint, the talonavicular joint, and the calcaneocuboid 
joint, which are responsible for inversion/eversion or supination/pronation. The 
midfoot consists of the naviculocuneiform joints, the intercuneiform joints, and the 
tarsometatarsal joints. The forefoot includes the metatarsophalangeal joints, the 
interphalangeal joints, as well as the articulation between the first metatarsal and 
sesamoids.
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Fig. 1 Osseous anatomy of the foot and ankle. L lateral cuneiform, I intermediate or middle cunei-
form, M medial cuneiform, P proximal phalanx, M middle phalanx, D distal phalanx

Table 1 Required supplies for intra-articular injection of the foot or ankle

Syringe 5 or 10 mL
Needle 25 g, 1.5 in.
Anesthetic 0.5% Bupivacaine or 1% lidocaine without epinephrine
Corticosteroid Triamcinolone (2.5–5 mg) or methylprednisolone (10–40 mg)

4  Equipment and Supplies

Joints of the foot and ankle are performed with a 25 gauge 1.5 in. needle. Medications 
may include a mixture of local anesthetic without epinephrine (lidocaine or bupiva-
caine) and corticosteroid (usually in a 1:1 volume ratio), or local anesthetic alone in 
the case of a diagnostic injection. Commonly used corticosteroids include methyl-
prednisolone (10–40 mg) or triamcinolone (2.5–5 mg) (Table 1). For the ankle or 
subtalar joint, typically 2 mL total are injected, whereas in the other smaller joints 
of the foot, typically the volume will be 1 mL or less. For the ankle or subtalar joint, 
imaging is not typically needed, however for the other joints, guidance with ultra-
sound or fluoroscopy may be used to ensure precise placement of the injection.

Intra-Articular Injections of the Foot and Ankle
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5  Ankle Joint Injection

The patient is placed in the supine position with the leg straight and the foot near the 
end of the bed. The ankle joint is accessed most commonly at the anteromedial joint 
line—this is identified by palpating the soft spot just medial to the tibialis anterior 
tendon, approximately 1 cm proximal to the tip of the medial malleolus (Fig. 2). The 
area is sterilely prepped and the needle is inserted directed postero-laterally.

a

b

Fig. 2 Ankle (tibiotalar joint) injection. (a) The medial malleolus and tibialis anterior tendon have 
been marked. The location of the injection is just medial to the tibialis anterior and slightly proxi-
mal to the tip of the medial malleolus. (b) The needle is inserted directed posterolaterally at an 
approximately 45° angle
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a b

Fig. 3 Subtalar joint injection. (a) The distal end of the lateral malleolus has been outlined. The 
site of injection is just anterior and inferior to this point. (b) The needle is inserted and directed 
cephalad at approximately 30°

6  Subtalar Joint Injection

The patent is placed in the supine position with the leg slightly internally rotated. 
The site of the injection is palpated just inferior to and anterior to the tip of the lat-
eral malleolus, at the ankle of Gissane (Fig. 3a). The needle is directed 30°–45° 
cephalad (Fig. 3b).

7  Other Foot Intra-articular Injections

The other joints of the foot, including talonavicular, calcaneocuboid, tarsometatar-
sal joints, as well as the first metatarsophalangeal joint are typically injected under 
fluoroscopic imaging (Fig. 4) or ultrasound guidance. The joint to be injected identi-
fied and most commonly entered from a dorsal approach, as these joints all lie just 
beneath the subcutaneous tissue. If special attention is directed at the articulation 
between the sesamoid and the metatarsal head, this may be accessed from a medial 
approach, however this joint communicates with the first metatarsophalangeal joint. 
Steroid injection into the lesser metatarsophalangeal joints should be performed 
with caution, as there is significant risk of damage to the soft tissue restraints of the 
joint and a high incidence of complication (dislocation or the development of a 
hammertoe) [6].
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a b

Fig. 4 Fluoroscopic imaging demonstrating talonavicular (a) and tarsometatarsal (b) joint injec-
tions. It is noted that the second and third tarsometatarsal joints communicate

8  Potential Complications and Adverse Effects

Although rare, patients may occasionally sustain adverse effects from intra-articular 
corticosteroid injections. The most common of these include post-injection flare, with 
an increase in pain and erythema beginning within several hours, which typically 
subsides in several days. Treatment may consist of rest and ice. Skin changes are most 
common with longer acting medications such as triamcinolone, and occur more often 
when the joint is missed and the injection is performed subcutaneously. Damage to the 
surrounding ligaments and tendons may occur as corticosteroids have been shown to 
weaken the tensile strength of ligaments for up to 1 year [7]. This is primarily a con-
cern with injection of the lesser MTP joints which may lead to disruption of the plan-
tar plate and dislocation. In patients with diabetes, elevated blood glucose may be 
observed for several days following and injection and should be counseled to monitor 
their glucose carefully. Among the most serious complications is septic arthritis, the 
risk of which may be minimized by using careful sterile technique.

Clinical and Technical Pearls
• Ankle and subtalar joints are typically easily performed at the bedside 

without ultrasound or fluoroscopic guidance. These may be more difficult 
in obese patients or those with significant ankyloses of the joints.

• Although not a contraindication, extra care should be taken for patients on 
anticoagulation and they should be monitored for at least 15 min following 
the injection.

• When using injections to obtain diagnostic information about the source of 
a patient’s pain, it is recommended to only perform one joint injection at a 
setting.

• Care should be taken to avoid over-distension of joints, particularly the 
smaller joints of the foot and ankle such as the less metatarsophalan-
geal joints.
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Soft Tissue Injections of the Foot 
and Ankle

Minton Truitt Cooper

Essential Concepts
• Soft tissue injections of the foot and ankle (including tendon sheaths, plan-

tar fascia, and peripheral nerves) are effective tools for both treating and 
diagnosing conditions affecting these structures.

• Ultrasound guidance may be useful for increasing the accuracy of place-
ment of these injections, preventing intra-tendinous or intra-neural injec-
tions, and to provide additional diagnostic data.

• When injecting tendinous structures, care must be taken not to place injec-
tions directly into the tendon, but rather into the sheath surrounding the 
tendon, as corticosteroid injection directly into the tendon may lead to fur-
ther damage or rupture.

• Injections for the tarsal tunnel (for posterior tibial nerve irritation) may be 
extremely helpful in diagnosing this condition, as well as providing signifi-
cant symptomatic improvement.

• Although complications are rare, they may include infection, nerve dam-
age, or systemic effects of corticosteroids.
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1  Overview

Injections of soft tissue structures of the foot and ankle are common procedures that can 
be useful for providing pain relief as well as diagnostic information. Common injections 
include the tarsal tunnel, plantar fascia origin, tendon sheaths, or Morton’s neuroma. 
These injections may be performed with ultrasound guidance to improve accuracy and 
safety. A case series by Ostergaard et al. [1] reviewing 365 patients who underwent 
corticosteroid injections of the foot and ankle found that they were safe, with 86% 
reporting improvement in symptoms. However, they found that they were ineffective at 
providing relief greater than 3 months for certain conditions, such as plantar fasciitis.

When injections are to be performed for tenosynovitis or tendinitis, they should 
be performed in the tendon sheath, not directly into the tendon, due to the detrimental 
effect of corticosteroid on tendon strength, and possible resultant tendon rupture—it 
has been shown that corticosteroid injection into ligaments leads to loss of tensile 
strength for 1  year [2]. In the foot and ankle, common tendon sheath injections 
include the peroneal tendons and the posterior tibial tendon. Injections for Achilles 
tendinitis have not been shown to be beneficial [3] and may lead to rupture, therefore 
are not recommended. In general tendon sheath injections should be used sparingly.

Plantar fasciitis is another common foot condition for which injections are performed 
[4, 5]. Plantar fasciitis is a degenerative condition, with thickening of the plantar fascia, 
most typically at the origin of the medial cord off of the calcaneus (Fig. 1). Recent 

Plantar fascia
ligament

Fig. 1 Plantar fasciitis most commonly develops at the origin of the medial band of the plantar 
fascia off of the calcaneal tuberosity
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meta-analyses [5, 6] found corticosteroid injections may be effective at providing short 
term relief, however no medium to long term benefits have been shown. Despite a con-
cern for plantar fascia rupture, they did not find any adverse events aside from post-
injection pain.

Tarsal tunnel syndrome occurs due to compression of the posterior tibial nerve 
beneath the flexor retinaculum or abductor hallucis muscle fascia at the posterior 
medial and ankle and medial hindfoot. This injection may be performed under ultra-
sound guidance to ensure appropriate placement of the injection and avoid intra- 
neural injection. Baxter’s nerve is the first branch of the lateral plantar nerve, which 
courses under the heel and is a common cause of heel pain. This nerve may also be 
injected under ultrasound guidance.

Lastly, Morton’s neuroma is a common cause of forefoot pain. Patients may 
report a variety of symptoms including pain, paresthesia or numbness radiating to 
the affected toe, or a clicking that represents the nerve snapping between the meta-
tarsal heads. The affected interspace may be injected with or without ultrasound 
guidance. These injections may be particularly helpful at differentiating pain origi-
nating from a neuroma versus other pathologies such as metatarsophalangeal joint 
synovitis.

2  Indications and Contraindications

Indications for soft tissue injection of the foot and ankle include tenosynovitis of 
the peroneal or posterior tibial tendons, plantar fasciitis, tarsal tunnel syndrome, 
Baxter’s nerve compression, or Morton’s neuroma. Injections are typically per-
formed after other conservative management such as shoe orthoses, physical ther-
apy, and oral non-steroidal anti-inflammatory medications have been attempted. 
These injections are also indicated to obtain confirmation of the exact etiology of 
the patient’s pain. Contraindications: Contraindications to corticosteroid injec-
tions include infectious processes or acute injuries or fractures. Injection of 
degenerative tendon disorders or the Achilles tendon in general is relatively con-
traindicated. Other considerations must include coagulopathies in which hemo-
stasis cannot be maintained, uncontrolled diabetes mellitus where systemic effects 
may cause transient increase in blood glucose levels, or immunosuppressed 
patients.

3  Clinical Anatomy

The posterior tibial nerve travels along the posterior medial aspect of the ankle 
beneath the flexor retinaculum along with the posterior tibial, flexor digitorum 
longus and flexor hallucis longus tendons (Fig. 2). It branches into the medial 
and lateral plantar nerves and then travels beneath the abductor hallucis muscle 
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Posterior
tibial nerve

Medial calcaneal
nerve

1st branch of the lateral
plantar nerve (Baxter’s
nerve)

Flexor retinaculum

Medial plantar
nerve

Lateral plantar
nerve

Fig. 2 Depiction of the posterior tibial nerve and its branches as it course along the posteromedial 
ankle beneath the flexor retinaculum to the plantar aspect of the foot

where it may also be compressed. The first branch of the lateral plantar nerve 
(Baxter’s nerve) travels beneath the heel between the quadratus plantae and 
flexor digitorum brevis muscles, where it may be compressed leading to heel 
pain (Fig. 3).

The plantar fascia originates from the plantar aspect of the calcaneus, inserting 
on the toes to create support for the arch during the gait cycle. The origin of the 
medial aspect of the plantar fascia is the most common site for plantar fasciitis, and 
thus is where most injections are placed.

Morton’s neuroma is not a true “neuroma,” but rather a perineural fibrosis of a 
common interdigital nerve of the forefoot, most commonly affecting the nerve 
between the third and fourth metatarsal heads (Fig. 4).
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Fig. 3 The first branch of the lateral plantar nerve (Baxter’s nerve) may be compressed between 
the fascia surrounding the quadratus plantae and flexor digitorum brevis muscles in the 
plantar heel
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Neuroma

Fig. 4 Morton’s neuroma 
arises from the common 
interdigital nerve as it 
passes between the lesser 
metatarsal heads, most 
commonly between the 
third and fourth metatarsals

Table 1 Required supplies for soft tissue injections about the foot and ankle

Syringe 5 or 10 mL
Needle 25 g, 1.5 in.
Anesthetic 0.5% Bupivacaine or 1% lidocaine without epinephrine (0.5 mL for 

neuroma, 1 mL for tarsal tunnel or plantar fascia)
Corticosteroid Triamcinolone (2.5–5 mg) or methylprednisolone (10–40 mg). 0.5 mL for 

neuroma, 1 mL for tarsal tunnel or plantar fascia

4  Equipment and Supplies

Most injections of the foot and ankle are performed with a 25 gauge 1.5 in. needle 
(Table 1). Medications may include a mixture of local anesthetic without epineph-
rine (lidocaine or bupivacaine) and corticosteroid (usually in a 1:1 volume ratio), or 
local anesthetic alone in the case of a diagnostic injection. Commonly used cortico-
steroids include methylprednisolone (10–40 mg) or triamcinolone (2.5–5 mg). In 
general, soft tissue injections will be performed with 2 mL or less total volume. 
Although these injections may be performed without image guidance, ultrasound 
guidance may be used to enhance accuracy, as well as to prevent intra-neural injec-
tion of the posterior tibial nerve for tarsal tunnel injections.
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a b

Fig. 5 Technique for tarsal tunnel injection. (a) The location is identified 1 cm posterior to the 
posterior tibial tendon, which may be visualized by having the patient invert the foot. (b) The 
needle is inserted, directed proximal to distal, through the flexor retinaculum

5  Tarsal Tunnel Injection

The patient is placed in the supine position with the intended lower extremity exter-
nally rotated. The medial malleolus is identified and the posterior tibial tendon may 
be identified by having the patient invert the foot (Fig. 5a). The injection is placed 
with a 25-gauge needle 1 cm posterior to the posterior tibial tendon, directed from 
proximal to distal (Fig. 5b). Aspiration should be performed to ensure that the nee-
dle is not in a vascular structure. Significant resistance likely indicates an intra- 
tendinous position and the needle should be slightly redirected prior to injection. 
Typically 2 cc of a mixture of corticosteroid and anesthetic will be administered.

6  Plantar Fascia Injection

The plantar fascia origin is readily injected without image guidance. The patient is 
placed in the supine position with the affected lower extremity allowed to externally 
rotate. Most typically it is the origin of the medial band of the plantar fascia that is 
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affected. The plantar medial calcaneal tuberosity is palpated to verify the point of 
maximum tenderness (Fig. 6). A 25-gauge needle is inserted from the plantar medial 
surface directed proximally and slightly laterally. Resistance of the thick plantar 
fascia is felt and the injection is placed at both the deep and superficial surfaces, 
often redirecting the needle in different trajectories.

Fig. 6 The plantar medial 
heel is palpated to locate 
the site of maximal 
tenderness for plantar 
fascia injection, just distal 
to its attachment at the 
calcaneal tuberosity
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a b

Fig. 7 Technique for injection of Morton’s neuroma. (a) The targeted interspace is compressed 
with the thumb and index finger, (b) the needle is inserted from the dorsal foot between the meta-
tarsal heads to the plantar aspect of the foot, deep to the intermetatarsal ligament

7  Injection for Morton’s Neuroma

Injection without imaging has been shown to be as effective as those performed 
with ultrasound guidance [7]. The patient is positioned in a supine position and the 
targeted interdigital space is palpated by compressing the interspace with the thumb 
and index figure (Fig.  7). A 25-gauge needle is inserted from distal-dorsal to 
proximal- plantar. Resistance is felt from the intermetatarsal ligament and 1 mL of 
fluid is injected plantar to this structure.

8  Potential Complications and Adverse Effects

Although rare, patients may occasionally sustain adverse effects from corticosteroid 
injections of the soft tissues. When injecting the plantar fascia, plantar fascia rup-
ture has been shown to occur at a rate of 1.5%, with heel pad atrophy occurring in 
1.4% [8]. Skin depigmentation is also possible with corticosteroid injection. 
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Infections are extremely rare with soft tissue injections using sterile technique. 
Intra-tendinous injection should be avoided as they may weaken tendon strength 
and lead to rupture, particularly in already damaged tendons.
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Clinical and Technical Pearls
• Injection to the foot may be painful, particularly injections of the origin of 

the plantar fascia. The patient should be in a comfortable position with the 
foot well supported to avoid movement.

• Caution should be used with patients on anti-coagulation, particularly in 
tarsal tunnel injections where there may be complex venous network 
around the tibial nerve.

• Care should be taken when injecting soft tissues of the foot and ankle to 
avoid intra-tendinous injections as these may weaken tendons and lead to 
rupture.
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