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Bedside Joint, Muscle, and Tendon
Injections: Overview
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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.

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
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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



40 H. Meng et al.

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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