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Abstract

Ultrasonography (USG) is a safe, easily available, and cost‑effective modality, which has the additional advantage of being real time 
for imaging and image‑guided interventions of the musculoskeletal system. Musculoskeletal interventions are gaining popularity in 
sports and rehabilitation for rapid healing of muscle and tendon injuries in professional athletes, healing of chronic tendinopathies, 
aspiration of joint effusions, periarticular bursae and ganglia, and perineural injections in acute and chronic pain syndromes. This 
article aims to provide an overview of the spectrum of musculoskeletal interventions that can be done under USG guidance both 
for diagnostic and therapeutic purposes.

Key words: Interventions; pain; relief; sports; ultrasound

Introduction

The basis of image guided‑intervention is the ability to 
reliably identify the region to be injected (target), confirm 
placement of the needle or other intervening device at the 
appropriate location, and subsequently confirm sampling 
of the appropriate location/lesion or delivery of the 
appropriate treatment.

Ultrasonography (USG) is ideally suited for musculoskeletal 
(MSK) interventions as it is convenient, inexpensive, safe, 
and allows for excellent visualization of MSK anatomy. 
An additional advantage of USG is the lack of ionizing 
radiation in comparison to other imaging modalities 
like fluoroscopy and computed tomography  (CT). The 
time and special equipment required for magnetic 
resonance imaging  (MRI)‑guided interventions are also 
not needed.

This article aims to discuss the numerous ingenious ways in 
which USG is being used for therapeutic MSK interventions 
in current orthopedic and sports rehabilitation practice. 
A detailed review of the indications, technique, and results 
of individual MSK interventions is beyond the scope of this 
article. For purposes of this article, we will divide the use 
of USG in MSK into the areas of:
•	 Muscle
•	 Tendons and tendon sheaths
•	 Ligaments
•	 Bursae and ganglia
•	 Joints
•	 Bones
•	 Nerves.

General Considerations

Partnering and practice building
Good clinical assessment, generating patient confidence 
and a coordinated diagnostic and rehabilitation plan are 
paramount to developing a successful practice. Good 
working relationships with orthopedic/sports medicine 
physicians are important before embarking on developing 
a therapeutic interventional practice.

Transducer selection
High‑frequency  (typically 7‑12 MHz), linear array 
transducers provide a high spatial resolution for optimal 
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visualization of superficial structures in the MSK system. 
Deep structures such as the hip joint require greater 
penetration and lower frequency curvilinear probes may be 
required. In general, the highest frequency transducer that 
allows visualization of the structure is used. Hockey stick 
transducers are particularly helpful for imaging superficial 
structures involving small or irregular parts which have 
small smooth surfaces for transducer placement, such as 
fingers, toes, and the ankle malleoli. Using larger volumes 
of USG jelly also helps in these areas.

Pre‑procedure diagnostic assessment
A detailed pre‑procedural USG examination of the area 
of interest (target), including color Doppler, is mandatory 
to identify and characterize the target and determine 
its relation to adjacent neurovascular structures before 
planning the needle trajectory. Initially, it is a good practice 
to mark the site for transducer placement and the expected 
site for needle entry with a marking pen. A written informed 
consent explaining the procedure, its risks, and response is 
mandatory prior to any procedure.

Sterility
All attempts to maintain stringent sterile conditions must 
be followed, especially during intra‑articular injections, and 
in some instances, injection in the operating theater may 
also be considered. Sterility procedures involve cleaning 
the area thrice with 5% povidone‑iodine antiseptic solution 
and subsequently cleaning the site and transducer with 
any generic 75% propanol containing or other disinfectant. 
The antiseptic skin solutions also provide a fluid interface 
for optimal visualization of the underlying structures. 5% 
povidone‑iodine jelly may be used on the transducer during 
the procedure and provides a thicker interface. Sterile gloves 
are used and drapes may be applied to appropriately confine 
the area. Sterile probe covers can also be used if available.

Needle selection
This is based on the type of intervention being done. Larger 
needles  (16‑20 G) are generally required for aspiration 
of suspected thick material such as pus, ganglia, or 
organized hematoma. Smaller needles  (22‑24 G) suffice 
for most injections, but are inappropriate for aspirations 
unless the aspirate is thin. Needle visualization by USG 
can be improved by selecting a larger needle, and hence, 
in our practice, we commonly use a 22 G needle for most 
interventions. Furthermore, we find that the 22 G needle 
bends less than thinner needles allowing for a straight 
trajectory and accurate placement. Once experienced, 
thinner needles can be used to decrease patient discomfort.

Technical tips
Most MSK procedures are performed with a free‑hand 
technique,[1] which allows direct, dynamic visualization 
of the needle and its tip throughout the procedure. The 
needle is best visualized when its long axis is parallel and 

in line with the long axis of the transducer face and in 
this plane, it is seen as a linear echogenic structure with 
reverberation artifact distally. In cases where the needle 
may be difficult to identify, holding the needle steady while 
moving the transducer helps in identifying the needle. 
Alternatively, the needle may be repositioned to run along 
the longitudinal axis of the transducer. Marking the skin 
site prior to cleaning and introducing the needle as close to 
the transducer as possible are good ways to ensure needle 
visualization [Figure 1A and B].

Another less commonly used method is the safe technique 
method.[1] The area of interest is scanned by USG, its 
maximum dimensions are marked on the skin both in 
longitudinal and transverse planes, and a needle is inserted 
through the center of the cross made by joining these lines.

Injectables
A variety of agents are available for injection during 
USG‑guided procedures as follows:

Local anesthetics
They are the most commonly used medications in 
MSK intervention and can be used for diagnostic 
purpose  (diagnostic blocks) and pain relief, usually in 
combination with a steroid. Lignocaine hydrochloride 2% 
is commonly used, has a rapid onset within 1‑2 min and a 
duration of action of up to 1 h.[2] Bupivacaine hydrochloride 
has a slower onset within 30 min, but a longer duration 
of action, lasting up to 8 h.[2] Newer local anesthetics 
like ropivacaine and levobupivacaine are also available 
for use in preservative‑free forms. Although expensive, 
ropivacaine is associated with less motor blockade[3] 
compared to bupivacaine, making it ideal for perineural 
and postoperative analgesia. Ropivacaine is also associated 
with less cardiotoxicity,[4] and levobupivacaine with less 
cardiac and neurotoxicity,[5] as compared to bupivacaine.

The amount of local anesthetic injected varies depending on 
the type of procedure and the part being injected. Typically 

Figure 1 (A and B): Needle visualization: (A) The needle is best 
visualized when its long axis is parallel and in line with the long axis 
of the transducer face and in this plane, the needle is seen as a linear 
echogenic structure with reverberation artifact distally (B) If the needle 
is not parallel to the long axis of the transducer as is often seen in 
deep-seated targets, it may be difficult to identify. Visualization can 
be improved either by holding the needle steady while moving the 
transducer to identify the needle or by repositioning the needle to run 
along the longitudinal axis of the transducer

BA
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1‑2 ml of local anesthetic solution is used in combination 
with steroid[6] for a longer duration of action. Intra‑articular 
local anesthetic injections have been reported to cause 
chondrolysis[7‑9] and should be diluted (with normal saline), 
especially in larger joints where the injected volume could 
be larger. Ropivacaine and lidocaine are less chondrotoxic 
than bupivacaine.[10]

Most commonly available local anesthetics contain 
methylparaben as a preservative, which can be neurotoxic.[11] 
When performing perineural injections, preservative‑free 
forms of these should be used.

Corticosteroids
These are potent anti‑inflammatory and pain‑modulating 
drugs that can be injected into articular, periarticular, 
intra‑  or peritendinous, and soft tissue structures, 
providing symptomatic relief in several MSK disorders like 
arthritis, bursitis, tenosynovitis, tendinopathies, stenosing 
tenosynovitis, entrapment neuropathies, and ganglion 
aspirations. Corticosteroids can be injected with the goals 
of short‑term and medium‑term pain relief, reduction of 
inflammation, and improved mobility. Steroid injections 
usually take 48‑72 h to be effective and, hence, are combined 
with local anesthetics for a rapid onset of action. An 
important point is that steroid injections do not provide 
long‑term pain relief and usually do not alter the course of 
underlying disease, hence should be used in conjunction 
with rehabilitative exercises.

Contraindications for the use of MSK injections include 
infection, known allergy or hypersensitivity to injectate, or 
known coagulopathies.[2]

Sterile synovitis (post‑injection flare) is the most common 
local complication following an intra‑articular steroid 
injection and has been attributed to the particulate nature 
of the injectate.[12] Patients should be counseled about this 
possibility and analgesics can be prescribed for pain relief. 
Other less common side effects of steroids are debatable and 
include effects on the articular cartilage, such as thinning and 
chondromalacia,[9] tendon ruptures after intratendinous[13‑16] 
and, less commonly, peritendinous injections.[14,17‑19] Local 
intradermal and subcutaneous injections can cause local 
skin atrophy, fat necrosis, and skin depigmentation.[20,21]

The specific choice of corticosteroid and the frequency of 
injection are guided in most instances by the clinician’s 
experience with various therapeutic agents and steroid 
pharmacokinetics and there is limited systematic 
evidence available for the same.[2,22,23] Less‑soluble, 
branched hydrocortisone esters like triamcinolone and 
methylprednisolone remain at the injection site longer, 
with a longer duration of action,[24] but are more likely 
to give rise to cutaneous adverse effects, as compared to 
unbranched esters.[2]

The most commonly used corticosteroids are triamcinolone 
acetonide and methylprednisolone acetate. Triamcinolone 
has a longer duration of action and is preferred for 
intra‑articular injections.[2] Methylprednisolone is less 
soluble, shorter acting, and less prone to causing skin 
atrophy than triamcinolone,[24‑27] and is therefore preferred 
for lesions near the skin surface.[28,29] Betamethasone has a 
high solubility, rapid onset of action, and less cutaneous side 
effects,[2] hence preferred for soft tissue injections.

The degree and duration of symptom relief following 
steroid injections varies among individuals and depends on 
the condition being treated. Repeat injections are advocated 
only if there is a significant relief following a single injection. 
There is no fixed consensus on the frequency and interval 
between repeat injections, but an interval of 3 months is 
preferred.[2]

Preservative‑free triamcinolone and methylprednisolone 
without methyl paraben are available and should 
preferably be used during perineural injections. The most 
commonly used steroids in MSK interventions have been 
listed in the Table below[30] [Table 1].

Autologous blood and platelet‑rich plasma
Autologous blood injections contain fibroblast growth 
factors, which can restart a stalled healing process, 
modulate tissue healing, and have been used successfully 
in treatment of refractory medial and lateral epicondylitis of 
the elbow[31‑33] and rotator cuff tears.[34‑36] In autologous blood 
injections, a small amount of blood (2‑3 cc) is taken from 
the patient’s arm and injected back into the degenerative 
portion of the tendon under USG guidance. This provides 
the relatively avascular tendon tissue with healing growth 
factors that are otherwise difficult for the body to deliver 
because of the poor blood supply.

Platelet‑rich plasma  (PRP) injections have received 
significant media attention in MSK practice after many 
well‑known professional athletes have used the same for 
rapid recovery from chronic tendinopathies and muscle and 
ligament injuries.[37] PRP is created from an autologous blood 
sample through a platelet separation and concentration 
process. A larger volume of blood (about 20‑60 ml) is drawn 
from the patient, centrifuged to remove the red blood 
cells, and the concentrated platelets are harvested. Around 

Table 1: Commonly used steroid preparations in musculoskeletal 
interventions

Steroid type Solubility Duration 
of action

Equivalent 
dose *(mg)

Triamcinolone acetonide Intermediate Long acting 4

Methylprednisolone acetate Low Intermediate 4

Betamethasone High Short acting 0.75
*Equivalent dose to 5 mg prednisolone
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3‑5 ml of PRP is locally injected into the injured tissue and 
modulates tissue healing by targeted release of growth 
factors like platelet‑derived growth factor‑BB, transforming 
growth factor‑1,[38] vascular endothelial growth factor, 
endothelial growth factor, and insulin‑like growth factor‑1, 
which are chemotactic and mitogenic.

In the last few years, increasing interest in the concentration 
of individual growth factors has led to a variety of processes 
for producing PRP and PRP‑like products.[38,39] The details 
of these are beyond the scope of this article and it is suffice 
it to say that the user should be aware of what they are 
injecting before they do so.

Autologous PRP minimizes the risk of transmissible 
diseases. The most common complaint is pain at the 
injection site from the ensuing local acute inflammatory 
response. PRP is contraindicated in thrombocytopenia or 
platelet dysfunction. 

PRP has shown the greatest potential in treatment of chronic 
tendinopathies, commonly the common flexor/extensor 
origin at the elbow,[31‑33,40] rotator cuff,[34‑36] hamstring origin, 
patella (jumper’s knee), and Achilles tendon.[41‑43] Chronic 
epicondylitis has been reported to show 60% improvement 
in pain scores versus a 16% improvement observed in control 
patients.[40] Plantar fascitis has also shown good results in a 
study by Barrett et al., with 77.9% symptomatic improvement 
at 1 year.[44,45] PRP injections in chronic Achilles tendinopathy 
have shown variable results; some studies have reported 
faster recovery in athletes compared to controls.[41‑43,46,47] PRP 
has shown beneficial effects in management of acute muscle 
injuries with faster recovery and is used among professional 
athletes during season.[48‑50] The beneficial role of PRP in 
promoting bony proliferation and healing[51‑53] articular 
cartilage has been reported in a few studies.

Recommendations for PRP use are constantly in evolution 
and currently no fixed guidelines exist for the same.[54] 
PRP is not a well‑regulated substance and is used off label 
many times.

Prolotherapy
This is another promising treatment option where injection 
of an irritant solution  (the proliferant) into a tendon or 
ligament incites a local inflammatory response[55] resulting 
in fibroblast proliferation and collagen synthesis, thereby 
encouraging healing and restoration of tensile strength. 
Fifteen percent hyperosmolar dextrose is a safe and 
inexpensive proliferant solution used in prolotherapy.[56] 
0.5 ml or less solution is injected into any one lesion/area; 
however, several lesions may be injected during a single 
treatment session. A  point of note is that symptomatic 
improvement and imaging appearance are not necessarily 
correlated. Prolotherapy has been used to successfully 
treat various MSK syndromes,[56,57] including intervertebral 

disc disease,[58] mechanical low back pain,[58] plantar 
fasciitis,[59] refractory tendinopathies, especially lateral 
and medial epicondylitis,[60] Achilles tendinopathy,[57,61] 
and osteoarthritis‑related pain.[62‑64] Prolotherapy may be 
supplemented by agents such as PRP.

Viscosupplementation
Intra‑articular injection of hyaluronic agent derivatives is 
increasingly popular for the alleviation of osteoarthritic 
symptoms.[65] Although the mechanism of action is not 
precisely understood, it aims to replace what is believed 
to be an important factor of joint lubrication. Common 
reactions to these injections include a significant flare, 
especially if injected extra‑articularly. USG allows accurate 
delivery of these agents, minimizing the side effects.

Post‑procedural instructions
After routine steroid injections, patients are advised to limit 
activity for 48‑72 h and use local ice packs and analgesics 
for rare post‑injection “flares,” which may be seen 2‑4 h 
after the injection when the local anesthetic effect wears 
off and before the effect of the steroid sets in. Immediate 
resolution of symptoms following the injection is graded 
as a percentage of the pre‑injection pain and confirms the 
appropriateness of the injection.

Following PRP or prolotherapy, rehabilitation programs 
vary greatly among practitioners. For tendon and muscle 
injections, following a 1‑4 week rest period, there is graded 
return to activity, involving a good stretching program 
followed by an eccentric loading program. Post‑procedure 
instructions also include avoiding use of nonsteroidal 
anti‑inflammatory drugs (NSAIDs) for pain relief as they 
may inhibit the PRP‑facilitated or dextrose‑stimulated 
inflammatory reaction.

Interventions in Muscles

Muscle strains are a common source of pain and dysfunction, 
particularly with athletes. Muscles are rich in blood supply 
and generally heal with usual care; however, in an elite or 
impatient recreational athlete, faster return to activity may 
be desired. A systematic approach to muscle injuries is as 
follows.

Acute/subacute injuries
In acute/subacute grade  II or III intramuscular injuries 
where there is no tendon avulsion, the role of PRP is being 
increasingly established for better pain relief, faster healing, 
and quicker return to play.[48,50,66] If there is a large associated 
hematoma, it is aspirated prior to the injection of 5‑10 ml of 
PRP, depending on the size of the injury. Multiple injection 
sites may be considered for longer‑length injuries.

In acute  (traumatic) injuries, steroid/anesthetic injections 
can provide early pain relief and rehabilitation,[67] allowing 
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objective assessment of the extent of injury. The downside 
of anti‑inflammatory agents is delayed healing and scar 
formation, thereby risking re‑injury.

Chronic injuries
Few patients with an old muscle injury present with a focal 
area of persistent pain, attributed to focal scar tissue. This 
may be identified on USG directly or by dynamic assessment 
during muscle contraction, and can be treated with guided 
trigger point injections. Trigger point injections have been 
proven useful to relieve myofascial pain.[68‑72] USG guides 
accurate needle placement, improving the success rates 
and minimizing complications from inadvertent needle 
placement, especially in cervicothoracic injections where 
pneumothorax is a risk.

Interventions in Tendons and Tendon Sheaths

Tendon disorders can be a cause of pain and disability 
in recreational or professional athletes and in sedentary 
people. Tendon disorders include acute inflammatory 
tendonitis, chronic tendinopathies (calcific and non‑calcific), 
and tenosynovitis  (tendon sheath inflammation). Several 
ingenious non‑surgical methods have been developed for 
management of these and USG plays an important role 
in guiding these therapies. Almost all tendinopathies are 
accessible to sonographic treatment. A general approach 
to tendinopathies is as follows:
•	 Assess the tendon: A diagnostic sonographic assessment 

of the tendon is important to ensure that the tendon 
is not at risk of further damage. In large tendons like 
hamstrings, it is worthwhile to get a magnetic resonance 

imaging  (MRI) done if one is not confident of tendon 
morphology sonographically. Finally, one must ensure 
that there is no ongoing infection, which could have 
disastrous consequences from a steroid or other injections

•	 Acute/chronic tendinosis: mostly, these occur due to 
repetitive stress and/or abnormal biomechanics. Here, 
the injection is used to break this cycle and allow for 
appropriate rehabilitation measures enabling return to 
activity. USG‑guided steroid injections can be given into 
the tendon sheath/adjacent bursa followed by rest and a 
graded physiotherapy program. Volumes of steroid and 
local anesthetic injected vary; usually, the approximate 
equivalent of 20‑40 mg of triamcinolone acetonide is used.

Steroid injections show considerable symptomatic 
improvement, even after a single injection, and are the 
preferred treatment for de Quervain’s tenosynovitis,[73,74] 
trigger finger,[74,75] and stenosing tenosynovitis of flexor 
hallucis longus[76] and peroneal tendons. Rotator cuff 
tendinosis  (non‑calcific)[77,78] also responds well to 
subdeltoid bursal injections. Peritendinous steroids are 
also effective in the management of medial[79] and lateral 
epicondylits[80] [Figures 2A‑C and 3A and B].

Persistent/recalcitrant Tendinopathy

•	 Autologous blood and PRP: Sometimes, especially in 
cases of tennis elbow or Achilles tendinopathy, despite 
multiple steroid and local anesthetic injections, symptoms 
persist. In such cases, the tendon is thought to be “stuck” 
in a state of “dysrepair” and PRP injections are thought 
to “kick‑start” and accelerate the healing cascade.[81] In 
such situations, the injured tendon is gently or vigorously 
needled to re‑create an injury and PRP injected into 
the tendon and adjacent structures acts as a catalyst in 
recovery. Generally, about 2‑5 ml of PRP is injected into 
the tendon, depending on its size and an additional 
volume, if present, is injected into the tendon sheath. 
Some practitioners prefer using PRP primarily and not 
closely following a steroid[82,83] or local anesthetic[82,84] 
injection. In our practice, we only deliver PRP at least 
4‑6  weeks after the last steroid injection. Due to cost 
constraints, we often attempt a steroid and rehabilitation 

Figure 3 (A and B): Peritendinous injections for release of trigger 
finger: (A) Trigger finger is caused by a tenosynovitis of the digital 
flexor tendons and presents with snapping fingers. Peritendinous 
steroid injections provide rapid symptomatic relief by reducing the 
inflammation. USG guidance, especially in smaller joints, aids and 
confirms an accurate delivery of the injectate into the area of interest 
(B) Peritendinous fluid distension confirms delivery of injectate which 
can be visualized real time with USG

BAFigure 2 (A-C): Tendon sheath injections: (A) Biceps tendon is 
identified in transverse in the bicipital groove and is traced till its intra-
articular portion in the rotator interval, where targeted peritendinous 
steroid injections are given in cases of tendinosis. Rotator interval is 
also targeted for injections in adhesive capsulitis which is not controlled 
by medical therapy alone (B) Peritendinous steroid injections around the 
peroneal tendon are given as it traverses in the retromalleolar groove 
or at the site of maximum pain (C) Intratendinous injections with steroid 
or PRP injections have been attempted in some cases of tendinosis 
as in the above example of peroneal tendinosis

C

BA



Daftary and Karnik: USG guided interventions in the musculoskeletal system

251Indian Journal of Radiology and Imaging / August 2015 / Vol 25 / Issue 3

protocol before PRP. PRP has been consistently found 
useful in the treatment of various tendinopathies, 
including common extensor tendinosis.[31‑33] There is 
no fixed consensus on the need and interval for repeat 
PRP injections for tendinopathies.[54] In our practice, 
we assess the patient 46  weeks after the first PRP 
injection to quantify symptomatic relief. In patients with 
significant  (above 80%) symptomatic relief, usually a 
single PRP injection is administered and is followed by 
a graded rehabilitation program. In partially responsive 
cases, a second PRP injection can provide additional 
relief, especially when rehabilitative measures have not 
produced significant improvement. In less‑responsive/
unresponsive cases (below 20% improvement), we avoid 
further PRP injections

•	 Prolotherapy: The general principles of prolotherapy 
(or reconstructive therapy) are similar to PRP,[55] 
except that usually an irritant, commonly 15% 
dextrose or normal saline, is injected to initiate an 
inflammatory response, produce re‑injury, and 
stimulate a stalled healing response within the 
damaged tissue. There are various studies on the 
efficacy of prolotherapy in the management of 
chronic tendinopathies with good results in lateral 
epicondylitis,[60] but not enough data to develop an 
appropriate treatment regimen

•	 Sclerotherapy: Neovascularity has been associated 
with painful tendinopathies and injection of sclerosing 
agents into these neovessels has been attempted. 
It is postulated that sclerosis of the neovessels in 
inflamed tendons and possibly the surrounding 
nerves is responsible for the pain relief associated with 
tendinopathies. Polidocanol is a widely used sclerosing 
agent and has been tried in the treatment of patellar 
and Achilles tendinopathies with promising results[85‑89]

•	 Fenestration or percutaneous tenotomy: chronic 
recalcitrant tendinosis, especially common extensor 
tendinopathy (tennis elbow), is ultimately treated with 
an open or arthroscopic selective tendon release. Since 
the pathologic tendon can be identified under USG and 
the patient is able to target the specific site of pain, an 
USG‑guided tendon release using an 11‑G scalpel or 
repeated fenestration of the tendon with a needle can 
also be performed.

The goal of this treatment is to convert a chronic, non‑healing 
injury into an acute injury with increased healing 
potential. During tendon fenestration, the overlying area 
is anesthetized and the injured tendon is needled to create 
small fenestrations and induce bleeding, resulting in local 
release of platelets and growth factors to promote healing. 
Tenotomy procedures can be performed independently or 
combined with local PRP or dextrose injections. A study 
conducted by Mayo Clinic researchers found better results 
in over 70% patients treated with a combination of tenotomy 
and PRP injections, with 76% pain improvement.[90,91]

A similar technique has been described by McShane 
et al.[92] for USG‑guided carpal tunnel release and has been 
described in the nerves section.
•	 Newer advances: Matrix metalloproteinases  (MMPs) 

have been implicated in chronic inflammation. Recent 
research shows that excess amounts of some MMPs have 
been found in patellar and rotator cuff tendinopathies 
and have been linked with the chronicity of these 
conditions.[93,94] Local injection of MMP inhibitors 
has been implicated to modulate tissue healing, 
hence providing an alternative treatment for chronic 
tendinopathies. Aprotinin (Trasylol), a broad‑spectrum 
MMP inhibitor (normally used during cardiac surgery), 
was injected into the peritendinous space in patellar and 
Achilles tendinopathy and provided better pain control 
than corticosteroid or placebo injections.[95] The main side 
effect is a hypersensitivity reaction caused by repeated 
use; hence, recurrent use is strongly contraindicated for 
a year after exposure. We have never used these in our 
practice.

Calcific Tendonitis

This occurs secondary to the deposition of calcium 
hydroxyapatite crystals and usually affects the rotator 
cuff, the commonest site being the critical zone of 
the supraspinatus tendon. It is usually a self‑limiting 
condition in which the pain is from leakage of calcium 
hydroxyapatite into the adjacent synovium. After a 
period of worsening pain, the condition usually improves 
with organization or resorption of the calcification;[96] 
however, some patients may develop chronic pain, 
disability, and functional impairment. Symptomatic 
improvement correlates well with resolution of the 
calcification[97‑101] and treatment strategies are directed 
to promote removal of the deposited calcium. The 
clinical symptoms, imaging appearance, and physical 
consistency of the calcification differ significantly 
depending on the phase of disease (precalcific, calcific, 
and postcalcific stages).[102] USG plays an important 
role in the identification and characterization of the 
calcifications and subsequent conservative management 
strategies. Treatment approach in hyperacute and acutely 
symptomatic stages includes peritendinous/bursal 
steroid and local anesthetic injections to alleviate pain 
and explaining to the patient that the condition is 
self‑limiting. In subacute and chronic cases, a barbotage 
can be attempted, which involves advancing an 18‑20 G 
needle into the calcification and “pulsing” it with normal 
saline to dissolve the non‑soluble calcium hydroxyapatite 
into soluble sodium hydroxyapatite and calcium 
chloride. This is usually followed by a bursal/adjacent 
steroid injection to limit the flare response. Barbotage 
is sometimes challenging when the calcification is 
mature and ossified, and radiographs are also helpful in 
determining the character of the calcification. We have 
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attempted barbotage therapy for chronic calcific lateral 
epicondylitis in one case, with reduction in the size of 
the calcification on post‑procedural radiographs and 
symptomatic improvement [Figure 4A‑F].

Interventions in Ligaments

Histologically, ligaments are similar to tendons and undergo 
similar patterns of degeneration/injury. USG‑guided PRP 
injections have been tried for rapid healing of ligamentous 
injuries[103] in sports medicine [Figure 5A and B].

A relatively unique form of degeneration, seen more in 
ligaments than tendons, is mucoid degeneration with the 
formation of intraligamentous and periligamentous cysts/
ganglia. These are discussed in greater detail in the next 
section [Figure 6A and B].

Interventions in Bursae and Ganglia

Bursae may be synovial‑lined or adventitious, and can 
often be a cause of pain. Under USG guidance, these 
potential spaces can be identified and the needle position 
is confirmed, and during injection, distension of the 
potential space can be observed dynamically confirming 
an appropriate site of injection. Bursal injections are often 
performed for the subacromial bursa of the shoulder 
and the greater trochanteric bursa of the hip and almost 
always, they are injected with steroid and local anesthetic. 
In some instances, especially when the tendon has been 
fenestrated, PRP may also be injected. Subacromial bursal 
injections are routinely given in the management of 
tendon disorders, subacromial bursitis, and impingement 

syndromes[104] and have shown good results. Steroid and 
local anesthetic injections provide significant symptomatic 
relief in trochanteric bursitis.[105‑107] In the knee joint, 
USG‑guided aspirations/injections of the pes anserine 
bursa, semimembranosus  medial collateral ligament 
bursa, and Baker’s cysts have been done with relief of 
symptoms [Figure 7A‑C].

Ganglia are outpouchings of synovium or may occur from 
degeneration of fibrocartilage in ligaments (scapholunate 
or anterior cruciate) or menisci and labra. They may cause 
pain from the underlying lesion itself (degeneration/tear) 
or secondary to the mass effect on adjacent structures. USG 
examination helps in identifying these ganglia, differentiating 
them from intra‑articular joint fluid, and for targeted 
aspiration/injection. As these ganglia develop over time, 
their contents are often extremely viscus and gel like, making 
aspiration difficult. In these cases, repeated fenestration of the 
ganglia and injection of a small amount of steroid and local 

Figure 5 (A and B): Acute MCL injuries: (A) Diffusely thickened and 
altered echotexture of the MCL near its femoral attachment in the left 
knee with an undersurface hypoechoic area suggesting a tear (single 
arrow) (B) Intraligamentous PRP injections in acute injuries have been 
beneficial in athletes, especially during the sporting season wherein 
rapid recovery and return to activity is desired. Targeted injection of 
PRP is given at the site of the injury

BA

Figure 4 (A-F): Spectrum of interventions in tennis elbow: (A) In acute tendinosis with minimal underlying tendon abnormality on USG, peritendinous 
steroids and local anesthetics are used for management, followed by appropriate physiotherapy (B) In cases of acute tendinosis with underlying 
tears at the common extensor origin, intratendinous steroids or PRP (especially in athletes) have also been attempted accompanied by a graded 
rehabilitation program (C-F) In chronic calcific tendonitis, a barbotage therapy which involves breakdown of the calcific deposit seen in (C) with 
continuous needling and irrigation with normal saline (D) till the deposit becomes smaller or more diffuse as seen in (E). (F) Comparison of 
pre- and post-procedure radiographs of the patient showing a reduction in the size and density of the calcific deposit following the procedure

D

CB

F

A
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anesthetic into them can be attempted.[108] Ganglia, however, 
have a tendency to recur and so, we most often use these 
as the first attempt to alleviate the patients’ symptoms and 
make them aware that this is the most non‑invasive approach 
to management. Adjunctive measures like hyaluronidase 
instillation prior to aspiration[109] and post‑aspiration steroid 
injections[110] have been suggested to improve the success 
rates of ganglion aspirations.

In our practice, in addition to the easily accessible wrist 
ganglia, we commonly use USG guidance for the aspiration/
fenestration and injection of ganglions associated with the 
cruciate ligaments[111,112] and meniscal cysts[113] with good 
symptomatic relief. Persistent pain from iliotibial band 
friction syndrome also responds to local injection therapy. 
We have treated many such cases [Figures 8‑10A‑C].

Interventions in Joints

The most common applications of USG interventions 
around the joints include diagnostic and therapeutic 
aspiration of intra‑articular and periarticular fluid and 
collections, synovial biopsy, injection of local anesthetics 
to confirm a clinical diagnosis  (diagnostic blocks), and 
injection of steroids and other drugs into joints and bursae 
for therapeutic purpose.

Joint aspirations
USG has been shown to be effective in guiding difficult joint 
aspirations throughout the body.[114,115] Comparison studies 
in cases of suspected joint effusions have reported a 97% 
success rate with USG‑guided procedures and only a 32% 
success rate with blind procedures.[116]

Targeted approach with USG guidance is especially 
beneficial for deep‑seated joints like the hip and shoulder 
and smaller peripheral joints like the acromioclavicular and 
small joints in the hands and feet.[117] Studies have shown 
that USG‑guided aspiration had a higher accuracy and 
success rate in smaller peripheral joints[116] and in aspiration 
of hip joint effusions.[118] An additional advantage of USG 
being real time is in osteoarthritic joints where the needle 
can be manipulated under an osteophyte or osseous spur 
during the procedure itself [Figures 11 and 12A and B].

Intra‑articular and periarticular injections
USG guidance can be used for intra‑articular injections 
of local anesthetic, corticosteroids, and drugs, both for 
diagnostic and therapeutic purposes.[119] Aspiration of the 
joint or bursa prior to injection avoids dilution of the injected 
medication. Free flow of the injectate and visualization of 
intra‑articular or bursal fluid distension confirms optimal 
needle placement. The total volume of injectate depends on 
the size of the joint. Larger joints like the hip and shoulder 
can easily receive 10 ml, whereas the small joints of the 
hands and feet may take less than 1 ml. In all cases, injection 

should be terminated if the patient complains of excessive 
discomfort.

Diagnostic blocks are performed by injecting a small 
amount of anesthetic into a joint or bursa and then clinically 

Figure 6 (A and B): Painful Pelligrini-Stieda lesion: (A) USG 
examination shows a calcified focus within the fibers of the MCL referred 
to as Pelligrini-Stieda lesion (B) Local needling of the calcification 
followed by steroid injections can be done in occasional cases when 
these lesions are a cause of unresponsive pain

BA

Figure 7 (A-C): Subacromial/subdeltoid bursal injections: (A) 
Subacromial bursa is superficial and easily amenable to USG injections 
in the management of tendon disorders, subacromial bursitis, and 
impingement syndromes (B) Needle position within the bursa is 
confirmed prior to injection (C) Bursal distension during the injection 
is confirmatory of accurate delivery of injectate

C

BA

Figure 8 (A-C): Aspiration of wrist ganglia: (A) USG examination 
revealed a ganglion on the dorsal aspect of the wrist overlying the 
scaphoid and trapezoid bones (scapho-trapezio-trapezoid ganglion) 
(B) A slightly thicker needle is used since the material within a ganglion 
is thicker and repeated fenestration of the ganglion may be required 
till reduction in size is confirmed (C)

C

BA
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assessing for improvement in symptoms after the procedure. 
Pain relief is graded on a verbal scale of 1‑10 in comparison 
to the degree of pain before the injection. Symptomatic relief 
from intra‑articular injection of local anesthetic confirms 
internal derangement as the source of pain[1] and, in many 

cases, is associated with improved outcome after surgical 
intervention. [120,121]

Combined intra‑articular steroid and local anesthetic 
injections are used for short and medium relief of joint 
disorders and are commonly recommended for acute 
inflammatory monoarthritis, osteoarthritis,[122] frozen 
shoulders, and impingement syndromes. Common sites 
of injection for degenerative joint disease in sports include 
the knees,[122] ankles, shoulders, acromioclavicular joints, 
first metacarpophalangeal and metatarsophalangeal joints, 

Figure 11: Targeted approach with USG guidance is especially 
beneficial for deep-seated joints like the hip and shoulder. The image 
shows accurate needle placement into the glenohumeral joint space 
for intra-articular injections

Figure 9 (A-C): Aspiration of intra-articular ganglia related to the cruciates: (A) Deep-seated ganglia related to the cruciates in the knee are difficult 
to visualize. Anterior cruciate ligament ganglion is seen as a hypoechoic intra-articular area (G) when scanned from the posterior aspect of the 
knee joint (B) Needle position can be confirmed within the ganglion and aspiration/fenestration is attempted till reduction in size or alteration in 
echogenicity is visualized as in (C). This is then followed by a steroid injection

CBA

Figure 10 (A-C): Parameniscal cyst aspiration: (A) Parameniscal cysts 
are relatively superficially located in the knee joint and can be visualized 
in the medial and lateral femoral gutters when scanning along the joint 
lines. The figure demonstrates a medial parameniscal cyst (B) The cyst 
is easily accessible with USG guidance. Needle position is confirmed 
by real-time visualization of the needle (C) Post-procedural scan shows 
near-complete collapse of the cyst

C

BA
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as well as lumbar facet arthropathy, with better results 
seen among the smaller non‑weight‑bearing joints than 
the weight‑bearing joints. Patients should be counseled 
that steroid injections alleviate pain and do not alter the 
course of the underlying pathology (except in inflammatory 
articular disorders). Steroids decrease inflammation and 
prevent capsular adhesion by fibrinolysis, when injected 
intra‑articularly in frozen shoulder[68,123] and impingement 
syndromes. Steroids also help in postoperative intra‑articular 
analgesia, especially for the knee and shoulder, making 
arthroscopy more acceptable as an outpatient procedure.[124]

Subtalar joint steroid injections[125,126] have been attempted for 
degenerative and inflammatory arthritis and impingement 
syndromes. Intermetatarsal ganglion cysts[125,126] can also be 
aspirated under USG guidance using either a plantar approach 
or a dorsal approach through the intermetatarsal space. The 
acromioclavicular joint space is also easily identified and 
accessible for USG‑guided aspirations and steroid injections.

Viscosupplementation involves the injection of hyaluronic 
acid, or a derivative, directly into afflicted joints in 
the treatment of osteoarthritis.[65] Although the precise 
mechanism of action is not entirely understood, it aims to 
replace important factors of joint lubrication. Intra‑articular 
hyaluronic acid injections should be considered in patients 
with significantly symptomatic osteoarthritis who have 
not responded adequately or developed an adverse 
reaction to standard nonpharmacologic and pharmacologic 
treatments.[127,128]

Intra‑articular PRP injections have been used in 
postoperative cases of anterior cruciate ligament  (ACL) 
repair,[129] in acute medial collateral ligament (MCL),[49] and 
meniscal injures in athletes to promote tissue healing and 
early recovery. Lab studies have demonstrated favorable 
results of PRP injections on articular cartilage,[130‑132] 
with possible future prospects of PRP injections for 
osteoarthritis and greater trochanteric bursitis.

Spine injections
USG‑guided facet joint injections have shown good 
accuracy rates in cadaveric studies performed for injection 

of the thoracic[133] and lumbar[34,125,134] vertebrae. During 
simulated facet injection, USG guidance consistently 
resulted in accurate needle placement within the facet 
joints, making this a feasible option for management of facet 
joint arthrosis. Sacroiliac joint can be visualized by USG 
with the patient in prone position, as a 4‑5 mm hypoechoic 
cleft between the linear echogenic lines of the sacral ala 
and the iliac crest[135] at the level of the first sacral spinous 
process. Sacroiliac injections are given in the lower part of 
the joint approximately 1 cm above the lower end of the 
joint. The sacroiliac joint may be in close proximity to the 
sciatic nerve, which can be visualized under USG avoiding 
inadvertent nerve injuries.

Interventions in Bones

USG evaluation of the bone is limited due to beam 
attenuation; hence, USG‑guided therapeutic interventions 
of the bone are relatively limited. Studies have suggested 
that PRP injections may enhance the rate of healing in 
non‑united fractures of long bones, demonstrated by 
definitive radiographic evidence of healing; however, 
limited data is available on the same.[136]

In our practice, we have occasionally injected steroid and 
local anesthetics for painful osseous avulsion injuries of 
the distal fibular tip, coronoid process of ulna, medial and 
lateral epicondyles for symptomatic relief.

Interventions in Nerves

With high‑resolution linear transducers  (7‑12 MHz), 
peripheral nerves can be identified on USG by a classic 
“salt and pepper appearance,” thereby guiding perineural 
injections. Deep‑seated nerves are not as well identified; 
however, knowledge of the precise anatomic location of 
these nerves and sonographic identification of their close 
landmarks helps in accurate injection. USG guidance also 
confirms optimal spread of the injectate as presence of a 
hypoechoic halo surrounding the echogenic nerve. Accurate 
injections of local anesthetic minimize the volume of the 
injectate, thereby reducing the incidence of side effects, and 
improved the success rates.

Acute pain management: Perineural injections for acute pain 
management include post-operative and post‑traumatic 
analgesia and mostly involve peripheral nerve blocks. 
Post- operative analgesia has gained popularity due to 
improved acceptance rates of arthroscopic surgeries on 
a day care basis. Commonly, axillary nerve blocks are 
used for upper extremity surgeries, interscalene[137] and 
suprascapular blocks[138] for shoulder surgeries, and femoral 
and sciatic nerve blocks for knee and foot surgeries.[139]

USG guidance can also be used for brachial plexus blocks, 
suprascapular nerve blocks in the suprascapular fossa, 

Figure 12 (A and B): Targeted approach with USG guidance is 
especially beneficial for smaller peripheral joints like in the hands 
and feet: (A) USG images of the calcaneocuboid joint in the right 
foot demonstrate osteoarthritic changes with an overhanging cuboid 
osteophyte (B) An additional advantage of USG being real time is in 
osteoarthritic joints where the needle can be manipulated under an 
osteophyte or osseous spur during the procedure itself

BA
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and cervical sympathetic block for pain management in 
the upper extremity. The femoral nerve is situated just 
lateral to the femoral vessels in the inguinal region and 
is superficial in location, making it easily accessible for 
perineural injections.[139] Sciatic nerve blocks[139] can be given 
in the subgluteal space, where the nerve is located deep to 
the gluteus maximus muscle, midway between the ischial 
tuberosity and greater trochanter. Distal sciatic blocks[140] 
at the level of the popliteal fossa can be done in case of foot 
and ankle surgeries. Being in an orthopedic setup, we give 
postoperative femoral nerve blocks on a daily basis in all 
patients of ACL grafting to help minimize postoperative 
pain. We have recently been using triple blocks,[141] wherein 
the iliac fascial plane is injected with local anesthetic and 
it aims at blocking the femoral, obturator nerves and 
also potentially the lumbar plexus, providing better pain 
relief [Figure 13A and B].

Chronic pain management: Perineural steroid injections 
for chronic pain management have been widely used 
in orthopedic practice, and USG guidance ensures 
accurate injection and improved success rates. Procedures 
include brachial and lumbar plexus blocks, peripheral 
nerve injections or local injections at the sites of trauma, 
entrapments, neuroma formation,[142] and epidural and 
spinal neural injections.[143]

Injections surrounding nerves, such as those for interdigital 
neuromas (Morton’s neuroma), or the carpal tunnel area 
surrounding the interdigital nerve or the median nerve can 
only be achieved when the needle is inserted in the area 
surrounding the nerve rather than into the nerve itself. USG 
examination can easily identify a Morton’s neuroma as a 
hypoechoic nodule in the second to third metatarsal web 
space and distinguish other causes of similar forefoot pain 
like metatarsophalangeal joint synovitis and intermetatarsal 
bursae. These neuromas show good response to injections 
of steroids and local anesthetics.[144] Post injection, 
all neuromas displayed increased echogenicity and/
or the appearance of fluid surrounding it, confirming 

localization of the therapeutic mixture. USG‑guided alcohol 
injections for Morton’s neuroma have shown promising 
results[52,145] [Figure 14A and B].

USG‑guided perineural steroid injections are used for pain 
relief in patients with carpal tunnel syndrome. The median 
nerve in the carpal tunnel is superficial in location, and can 
be easily identified on USG and is amenable to USG‑guided 
hydrodissection and percutaneous fenestration. The 
procedure involves mobilizing the nerve away from the 
deep surface of the flexor retinaculum by hydrodissection 
and then splitting the layers of the retinaculum to 
decompress the median nerve.[93]

Conclusion

Image guidance improves the accuracy of tissue sampling 
and delivery of treating agents. A large portion of the MSK 
system is easily visualized under USG guidance, and it is 
an easily available, safe, and easy‑to‑use modality, making 
it amenable for a huge variety of image‑guided procedures 
of the MSK system. This article provides a brief overview 
of the potential USG has in managing MSK conditions, 
especially pertaining to internal derangements, and a basic 
overview of commencing and developing an USG MSK 
interventional practice.
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