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Preface

The popularity of ultrasound in the diagnosis and
management of musculoskeletal pathology has
witnessed a considerable increase in recent years.
Given the ability for ultrasound to be utilized in an
“office setting,” the enhanced resolution with high-
frequency probes, and the relative affordability of
newer machines, this perhaps is not surprising. In
addition, ultrasound has the advantage of allowing
clinicians to incorporate the modality into their
practice with relative ease, thus forming an essential
adjunct to their routine clinical examination and
allowing a direct and real-time comparison between
clinical and anatomical findings.

There is no doubt that skilled clinicians have great
benefit in utilizing ultrasound in their clinical
practice, facilitating their ability to answer specific
questions regarding a patient’s pathology and
anatomical relationships as well as being able
to monitor disease and increase the accuracy of
interventional procedures. Although several specific
training programs exist for non-musculoskeletal
ultrasound, very few programs exist particularly
for musculoskeletal medicine. Taken with this is
the fact that the correct use of ultrasound has a

printed on 2/11/2023 2:59 AMvia

relatively long learning curve, which means that
clinicians struggle to achieve competency. Indeed,
it is reckoned that less than 5% of rheumatologists
are able to correctly use ultrasound in their daily
clinical practice (Grassi et al 2004).

It is the aim of this book to provide a pragmatic and
accessible guide for the use of ultrasound in both the
diagnosis and management of musculoskeletal and
sports pathologies. The book is aimed at clinicians
from a wide variety of backgrounds, including chi-
ropractic, orthopaedics, osteopathy, physiotherapy,
rheumatology, sonography, and sports medicine. The
book is intended for both the novice clinician who
has only recently started to incorporate ultrasound
into her/his clinical practice and the experienced cli-
nician as a handy reference guide.

Peter Resteghini, PhD

Consultant Physiotherapist Sports and
Musculoskeletal Medicine
Musculoskeletal Sonographer
Honorary Visiting Senior Clinical Fellow
Homerton University Hospital

London, UK
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Introduction

The last decade has seen a considerable increase in
interest in the use of ultrasound in the management
of musculoskeletal pathologies, which is reflected
in the volume of literature published regarding its
applications in both the diagnosis and treatment of
musculoskeletal conditions. Papers have highlighted
its use particularly in shoulder pathology (Arslan
et al 1999, Bouffard et al 2000, Ostlere 2003, Teefey
et al 2004) and as a form of interventional radiology,
guiding the placement of needles for aspiration or
local injection (Ghozlan and Vacher 2000, Koski
2000, Weidner et al 2004). This increase in interest
has come from a wide variety of clinical specialties,
including chiropractic, orthopaedics, osteopathy,
physiotherapy, rheumatology, sonography, and sports
medicine (Balint and Sturrock 1997, Tan et al 2003).

The reasons for the increase in the popularity
of musculoskeletal ultrasound are many. A lack
of ionizing radiation makes the technique more
acceptable, readily usable, and repeatable (Grassi et
al 2004). It is capable of high spatial resolution, has
multiplanar imaging capability, and is considered
patient friendly due to its ease of tolerance and
noninvasiveness (Backhaus et al 2001, Grassi et al
2004, Tan et al 2003, Wakefield et al 1999). With
experience, scanning time is short, 5 to 15 minutes for
an experienced clinician compared to approximately
40 minutes for a magnetic resonance imaging (MRI;
Swen et al 2001). This has the advantage of enabling
multiple joints to be examined in one sitting, if
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necessary, and in increasing throughput of patients
(Wakefield et al 1999). For specific anatomical
structures, ultrasound and MRI are comparable
in both sensitivity and specificity (de Jesus 2009).
In the assessment of the shoulder and rotator cuff
pathology, ultrasound has been demonstrated to
have 98.6% sensitivity and 99.3% specificity for
full-thickness tears and 97.9% sensitivity and 94.4%
specificity for partial-thickness tears (Al-Shawi et al
2008).

Unlike other imaging modalities, ultrasound may
be performed as a bedside procedure (Grassi et
al 2004). In particular, and in contrast to other
imaging modalities, it not only provides anatomical
information, but also informs on the physiological
state of the joint, being particularly sensitive to
inflammatory changes and subsequent response to
treatment intervention (Grassi et al 2001).

Ultrasound is also unique in that scanning occurs
in real time (Tan et al 2003), making it possible to
discuss reproduction of symptoms with the patient
and to view dynamic images of the structures under
examination. This is particularly useful for evaluating
tendons (Ellis et al 2002, Grassi et al 2000), and adds
significantly to the diagnostic accuracy of many
clinical tests (Shirtley 1999). Indeed, it is considered
to represent the gold standard for evaluation of
tendon pathology, in part due to this quality (Grassi
et al 2000).
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Local Anesthetics and Corticosteroids

The musculoskeletal injections described in this book
involve a combination of local anesthetics, which
provide some immediate analgesia, confirmation of di-
agnosis, and correct needle placement, and corticoste-
roids, which have a more long-term therapeutic effect.

Local Anesthetics

In the normal resting state, the axon membrane of a
nerve is polarized and permeable to potassium ions
while remaining relatively impermeable to sodium
ions. This results in the inside of the axon being ne-
gatively charged in relation to the outside, which
is relatively positively charged. Stimulation of the
axon changes this resting state so that the perme-
ability of the nerve is altered and the axon becomes
depolarized. This change in permeability of the
axon membrane opens channels allowing the influx
of sodium ions, which results in the inside of the
axon becoming positively charged. Excitation of the
axon is brought about by a sequential opening and
closing of the sodium and potassium channels in the
cell membrane. The variation in the cell membrane
potential which accompanies these changes is called
an action potential, with the result that each region
of the axon in turn excites the next region and the
impulse is propagated along the axon fiber.

Local anesthetics are membrane-stabilizing drugs
which are able to penetrate the nerve sheath and
axon membrane reversibly, decreasing the rate of
depolarization and repolarization of excitable mem-
branes. Local anesthetics act mainly by inhibiting
sodium influx through sodium-specific ion channels
in the cell membrane. When this sodium influx is
interrupted, an action potential is unable to be initi-
ated and the signal conduction is inhibited.

Although all nerve fibers are sensitive to the effects
oflocal anesthetics, due to a combination of axon dia-
meter and myelination, different fibers have different
sensitivities to local anesthetic blockade, termed
differential blockade. Type B fibers (sympathetic) are
the most sensitive, followed by type C (pain), type
A delta (temperature), type A gamma (propriocep-
tion), type A beta (sensory touch and pressure), and
type A alpha (motor). Although type B fibers are
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thicker than type C fibers, they are myelinated and
therefore are blocked before the unmyelinated thin C
fibers (Rang et al 1995).

The local anesthetics frequently used in muscu-
loskeletal medicine are lidocaine hydrochloride
(lignocaine hydrochloride) and Marcaine (bupivacai-
ne hydrochloride). Lidocaine is the most commonly
used local anesthetic; it acts rapidly, with the effects
becoming manifest in seconds, and the duration of
the block is approximately 30 minutes. Marcaine
has a slower onset of action, taking approximate-
ly 30 minutes to reach maximum effect; however,
duration of block is up to 8 hours.

In this book, the use of lidocaine (1%, Braun) is
advocated as the delayed onset of Marcaine in an
outpatient setting prevents the immediate diagnostic
effect of the local anesthetic afforded by lidocaine. In
addition, there is little evidence to support any long-
term advantage of Marcaine over lidocaine (Sélveborn
et al 1995). More recent evidence also suggests that
intra-articular injection of high-dose local anesthetic,
particularly Marcaine, may cause cartilage damage.
This chondrotoxicity resulted in cellular death rates
which were higher in osteoarthritic compared with
intact cartilage (Breu et al 2013). Chondrotoxicity
of local anesthetics appears to be enhanced if admi-
nistered with vasoconstrictors, and the use of either
lidocaine or Marcaine with added adrenaline is not
recommended (MacMahon et al 2009).

Local Anesthetic and Musculoskeletal
Injections

The use of local anesthetics during musculoskeletal
injections helps ensure that the procedure is well
tolerated by the patient and increases the confidence
of the patient with the clinician performing the in-
jection. In addition, their use has a number of other
functions, including the following.

+ Aid to diagnosis: Immediate pain relief following
injection helps establish the diagnosis (Crawford
et al 1998), differentiate local from referred pain
(Rifat and Moeller 2002, Tallia and Cardone 2003),
and confirm correct needle positioning.
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e Volume effect: Stretching of the joint capsule,
bursa, or tendon sheath may help with disrup-
tion of adhesions (Buchbinder and Green 2004).

 Dilution effect: Increasing the injectable volume
by the addition of local anesthetic may help
spread the corticosteroid around the joint, bur-
sa, or tendon sheath (Inés and da Silva 2005).

Corticosteroids

The injectable corticosteroids commonly used in
musculoskeletal medicine are synthetic analogues of
the adrenal glucocorticoid hormone cortisol, which
is secreted naturally by the zona reticularis of the ad-
renal cortex. The primary action of corticosteroids is
in the modulation of the transcription of a number of
genes involved in both the immune and inflammato-
ry responses. They achieve this by their direct action
on nuclear steroid receptors to control the rate of
mRNA synthesis in addition to reducing the number
of proinflammatory mediators including cytokines.

A number of corticosteroids are commonly used as in-
jectable agents in musculoskeletal medicine, including
methylprednisolone acetate (Depo-Medrone, 40 mg/
mL) and triamcinolone acetonide (Kenalog, 40 mg/mL,
and Adcortyl, 10 mg/mL—Squibb & Sons Ltd). Both me-
thylprednisolone and triamcinolone have a similar du-
ration of action of up to 3 weeks and a similar potency.

There is little evidence to guide the selection of cor-
ticosteroids used in musculoskeletal medicine in-
jections, and most recommendations are based on
personal preference and clinical experience. The cor-
ticosteroid described in this book is Depo-Medrone
(40 mg/mL—Pfizer Ltd). The exact dose will be de-
pendent on the structure to be injected, with 40 mg
being injected into larger joints such as the hip and
shoulder, while smaller joints and bursae are injec-
ted with 10 to 20 mg.

Corticosteroids and Musculoskeletal
Injections

Although injectable corticosteroids have been used
in the management of musculoskeletal pathologies
for several decades, being first described in the 1950s
in the United States to treat arthritic joints (Hollan-
der et al 1951), little is known about their exact
pharmacological effects. They are thought to act by a
number of mechanisms, including the following.
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» Inflammatory suppression: Corticosteroids are
able to suppress inflammation in cases of in-
flammatory and degenerative arthritis (Franz
and Burmester 2005, Kirwan and Rankin 1997).
They are able to reduce blood flow and lower
the local leukocyte and inflammatory response
(Lavelle et al 2007).

» Chondroprotective: Corticosteroids may also
have a chondroprotective effect via direct ac-
tion on the metabolism of the cartilage at low
dose and short culture duration which is not
directly due to their anti-inflammatory action
(Wernecke et al 2015).

* Analgesia: In cases of tendinopathy when the
pain experienced by patients may be caused by
the stimulation of nociceptors through chemi-
cals such as substance P and glutamate released
by the damaged tendon, corticosteroids may in-
hibit the release of these chemicals and hence
reduce pain (Gialanella and Prometti 2011).

Risks and Side Effects

Corticosteroid and local anesthetic injections used in
musculoskeletal medicine are largely very safe pro-
cedures and adverse events are rare. However, there
are several possible issues that need to be considered
and declared to the patient when consenting prior to
injecting. These include the following:

* Post-injection flare: Some patients may expe-
rience a degree of post-injection inflamma-
tion and pain. This inflammation is caused by
the corticosteroid crystals mimicking a septic
arthritis (Cole and Schumacher 2005). However,
a true septic arthritis would usually occur
later than a post-injection flare and be more
enduring. The incidence of a post-injection flare
seems to vary between 2% (Kumar and Newman
1999) and 10.7% (Gaujoux-Viala et al 2009).

« Septic arthritis: Although a serious possible
complication following intra-articular injection,
the risk of septic arthritis is very low with a re-
ported incidence of less than 0.03% (Charalam-
bous et al 2003). There does not seem to be any
clinical evidence in the literature to suggest that
anything more than skin cleansing needs to be
employed prior to injection in an office-based
setting, with reported infection rates for
this approach of approximately 1:50,000
(Gray et al 1981).
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e Hyperglycemia: Diabetic patients may experi-
ence a modest and transient rise in their blood
sugars following corticosteroid injection (Black
and Filak 1989). This usually lasts no more than
2 weeks when it does occur (Mader et al 2005).

* Hypopigmentation and fat atrophy: In a meta-
analysis looking at injections given into the
shoulder and elbow, skin changes were said to
have a frequency of approximately 4% (Gaujo-
ux-Viala et al 2009). Nichols (2005), in a study
evaluating the complications associated with
the use of corticosteroids in the treatment of
athletic injuries, described a risk of fat atrophy
of 2.4% and skin depigmentation of 0.8%. Skin
changes are more likely to be seen in superficial
injections and when the patient has dark skin. If
manifest, local fat atrophy appears withina 1- to
4-month period and may take 2 years or more to
resolve (Cassidy and Bole 1966).

* Tendon rupture: Tendon and fascia rupture have
been reported as complications following corti-
costeroid injection (Boussakri and Bouali 2014,
Mahler and Fritschy 1992, Saxena and Fullem
2004). However, so long as repeated injections
into load-bearing tendons are avoided, the risk
of rupture appears to be small and low-dose
peritendinous injections are relatively safe (Gills
et al 2004).

* Facial flushing: A systemic side effect, this may
occur 24 to 48 hours postinjection and last for
up to 2 days. It has a reported incidence of less
than 1% (Stephens et al 2008).

References

Black DM, Filak AT. Hyperglycemia with non-
insulin-dependent diabetes following intraarticular
steroid injection. ] Fam Pract1989;28(4):462-463

Boussakri H, Bouali A. Subcutaneous rupture of the
extensor pollicis longus tendon after corticosteroid in-
jections for DeQuervain’s stenosing tenovaginitis. Case
Rep Orthop 2014;2014:934384. doi: 10.1155/2014/
934384. Epub 2014 Oct 12

Breu A, Rosenmeier K, Kujat R, Angele P, Zink W.
The cytotoxicity of bupivacaine, ropivacaine, and me-
pivacaine on human chondrocytes and cartilage.
Anesth Analg 2013;117(2):514-522

Buchbinder R, Green S. Effect of arthrographic shoulder
joint distension with saline and corticosteroid for adhe-
sive capsulitis. Br ] Sports Med 2004;38(4): 384-385

printed on 2/11/2023 2:59 AMvia .

* Bleeding: Some bleeding at or around the in-
jection site may occur. This is more likely in
patients who are anticoagulated or who are tak-
ing an oral anti-inflammatory medicine with an
antiplatelet activity (e.g., naproxen). Overall, the
risk of hemarthrosis is small even in those tak-
ing antiplatelet medicines (Goupille et al 2008,
Thumboo and O’Duffy 1998). However, it would
be advisable to either discontinue or reverse
the effects of these anticoagulation medicines
prior to injection following discussion with the
patient’s general practitioner.

It should be noted that there is little evidence of intra-
articular corticosteroid injections leading to a pro-
gression of osteoarthritis (Creamer 1999, Raynauld
et al 2003). Repeated corticosteroid injections into the
knee joint every 3 months were reported as being safe
over a 2-year period (Raynauld et al 2003).

Contraindications to Corticosteroid
Injections

Corticosteroid injections should not be given in the
following cases:

* Local or intra-articular sepsis. If there is any
doubt, the joint should be aspirated, with a sam-
ple sent to pathology for analysis, prior to any
injection being given.

 Intra-articular fracture.

« Known hypersensitivity to one of the constitu-
ents of the injection.
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1 Diagnostic Ultrasound and Guided Injection

Abstract

Given its comparative ease of availability, short scan-
ning time, and ability to dynamically assess tissue and
structure interplay, ultrasound is rapidly becoming the
investigation of choice for many musculoskeletal condi-
tions. This chapter outlines both the normal and common
pathological ultrasound appearance of tendons, joints,
bursae, muscles, and nerves as well as the use of ultra-
sound to ensure accurate needle placement during inter-
ventional procedures.

In addition to the diagnostic capabilities of ultrasound
in the assessment and management of musculoskeletal
conditions and in contrast to magnetic resonance imag-
ing (MRI), ultrasound also has the capacity to be used as
an interventional modality enhancing the accuracy of in-
jection techniques.

Eustace (1997) demonstrated that even in the hands of
musculoskeletal specialists only a minority of injections
for shoulder pain were performed accurately with only
29% of subacromial and 42% of intra-articular injections
reaching their intended target. Similar results have been
demonstrated in patients with de Quervain’s tenosynovi-
tis (Zhingis 1998). Perhaps, not surprisingly, outcome has
been demonstrated to significantly correlate with accura-
cy of injection with a systematic review and meta-analysis
demonstrating that ultrasound-guided shoulder girdle in-
jections are more accurate and more effective than land-
mark-guided injections (Aly et al 2014). Needle placement
into smaller joint spaces is of particular difficulty, a fact in
part due to the lack of aspirate from smaller joints, such
as the carpometacarpal joint of the thumb, making accu-
rate needle placement in these joints extremely difficult.
For this reason injections performed under imaging are
becoming more popular (Balint 1997, Ghozlan 2000, Koski
2000, Weidner 2004). » Fig. 1.1 and » Fig. 1.2 demonstrate
the accuracy possible with ultrasound-guided injection. In

Fig. 1.2 Transverse ultrasound image of the carpal tunnel. The
median nerve appears as a low echo oval-shaped foci (yellow
oval). The tendons of flexor digitorum superficialis (white oval)
may be seen deep to the median nerve. A needle may be seen
immediately between the two (yellow arrowheads).
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»Fig. 1.1 an injection is given between the flexor tendon
sheath and the tendon of flexor pollicis longus at the level
of the metacarpophalangeal joint of the thumb. In » Fig. 1.2
a needle is placed immediately deep to the median nerve
in the carpal tunnel.

Accurate needle placement is also of importance in more
deeply placed structures such as the hip joint in order that
both the correct target is injected and that neurovascular
structures are avoided. A study by Leopold (2001) assessed
the accuracy of needle placement with intra-articular hip
injection using only anatomical landmarks as a guide. Us-
ing this “blind” approach the needle pierced or contacted
the femoral nerve in 27% of anterior injections and was
within 5 mm of the femoral nerve in 60% of all anterior
attempts. Using a lateral approach the needle was never
within 25 mm of any neurovascular structure in any injec-
tion; however, only 80% of injections managed to reach the
joint cavity. » Fig. 1.3 demonstrates injection of the anteri-
or aspect of the hip joint.

Fig. 1.1 Ultrasound-guided injection of the tendon sheath of
flexor pollicis longus at the level of the metacarpophalangeal
joint of the thumb (MC). The needle (yellow arrowhead) may
be seen approaching from the left of the image. The needle
rests between the flexor sheath (yellow curved arrow) and the
tendon itself (white oval). In this image the sheath measures
approximately 1 mm in depth and demonstrates the accuracy
of needle placement possible with ultrasound guidance.

Femoral head

Fig. 1.3 Longitudinal image of the anterior hip joint. A
needle (yellow arrowheads) may be seen lying up against the
anterior joint capsule (curved arrow) prior to injection.
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Diagnostic Ultrasound and Guided Injection

1.1 Diagnostic Ultrasound and
Musculoskeletal Medicine

1.1.1 Tendons

Ultrasound may be considered the gold-standard investi-
gation for examination of tendons demonstrating detailed
internal structure not clearly seen with MRI (Grassi 2000,
Joseph 2009). In addition to a high degree of spatial-
resolution, ultrasound also has the advantage of relatively
short scanning time, may be performed as a bedside
procedure and, as it takes place in real time, allows the
dynamic assessment of tendons and their relationship
with surrounding tissue interface.

Tendons are collagenous structures with additional
tenocytes, water, and other matrix components. Tendons
are normally surrounded by loose connective tissue, the
paratenon, which forms an elastic sleeve that allows free
movement of the tendon. Where the tendon must travel
through a narrow space, or come in contact with a bony
area, such as the dorsal compartments of the wrist, this
loose connective tissue becomes more specialized into a
tenosynovial sheath, helping to reduce friction between
the tendon and surrounding structures (Kannus 2000).

In the nonpathological state, normal tendon structure
as imaged with ultrasound is characterized by the follow-
ing key features:

» The internal fibrillar architecture is clearly visible in
longitudinal scan being produced by parallel fascicles
of collagen fibers. Between these echogenic fibers
finer hypoechoic lines may be seen in keeping with
intratendinous ground substance. With transverse
imaging, this architectural arrangement produces the
classic appearance of hyperechoic dots, represent-
ing collagen fascicles embedded within hypoechoic
ground substance. There should be little internal ir-
regularity with the tendon displaying a high degree of
homogeneous echogenicity. These appearances may
be considered analogous to a “packet of spaghetti.”

Calcaneum

& Kager's fat*

Fig. 1.4 Longitudinal image of the lower third of the Achilles
tendon and its insertion onto the posterior aspect of the
calcaneum (yellow arrows). The normal fibrillar pattern of
the tendon is clearly seen. Note anisotropy at the most distal
aspect of the insertion (curved arrow).
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» The tendon does not appear thickened with clearly de-
lineated and regular margins distinct from surrounding
tissues. A fine anechoic periphery may be noted in ten-
dons which have a synovial sheath situated between
the tendon and sheath. There should be no thickening
of the sheath and no significant fluid or evidence of sig-
nificant vascularity within the sheath.

» The tendon exhibits no internal vascularity or what is
commonly termed “neovascularity” when examined
under Power Doppler imaging.

»Fig. 1.4 and » Fig. 1.5 demonstrate the normal appearance
of the Achilles tendon in both longitudinal and transverse
planes. The fibrillar pattern may be clearly seen.

Tendon pathology may be considered to encompass a
number of distinct entities and should not be thought
of as a single process but rather a spectrum of disorders,
including lesions within the tenosynovium, the paraten-
on, the enthesis, and the tendon proper. In many cases
lesions may coexist. »Table 1.1 outlines the individual
pathological processes which may affect a tendon, either
in isolation or in combination with one another.

In regard to tenosynovitis and paratenonitis, these two
conditions may be considered to be pathological pro-
cesses related to the tendon sheath or, when absent, the
connective tissue surrounding the tendon. They may be
either related to a systemic inflammatory disease or more
commonly due to a mechanical overload. In many of the
cases the tendon itself is relatively spared and ultrasound
demonstrates no evidence of pathology within the tendon.

Characteristics of tendon sheath pathology on ul-
trasound include widening of the sheath due to an
increase in fluid. Although usually anechoic in appear-
ance, this fluid may appear to contain echogenic foci
indicative of proteinaceous material or synovial prolifera-
tion (> Fig. 1.6a-c; » Fig. 1.7). When assessed with Power
Doppler, there may be an increase in blood flow within

Kager's fat

Fig. 1.5 Transverse image of the lower third of the Achilles
tendon (yellow arrows). The image demonstrates the dot-like
appearance of the collagen fascicles seen in cross-section.
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Table 1.1 Summary overview of tendon pathology

Disorder Description Example

Paratenonitis  Disorder of the loose paratenon layer

covering the tendon

Tenosynovitis  Disorder of the tendon sheath

Tendinopathy An intratendinous disorder

Achilles paratenonitis
de Quervain’s tenosynovitis

Rotator cuff, patellar tendon,

Clinical signs?

Pain, tenderness, diffuse swelling, crepitus,
and warmth

Pain, tenderness, swelling within the sheath,
crepitus, and warmth

Pain, focal tenderness, palpable swelling

common extensor origin

Enthesiopathy ~An intratendinous disorder affecting

the tendon origin or insertion

Tear Loss of normal tendon integrity lead-

ing to a partial or complete rupture  tendon

Insertional Achilles tendinopathy

Ruptured supraspinatus, Achilles

Tenderness and swelling at tendon insertion

Pain and weakness. Possible palpable gap

aThese clinical signs are variable and patients may present with more than one condition. For example, in chronic cases of de Quervain’s
tenosynovitis there may coexist a degree of tendinopathy within the tendon and a tenosynovitis within the tendon sheath.

the synovial lining of the tendon sheath indicative of an
active inflammatory process (> Fig. 1.6¢, » Fig. 1.8).

With regard to both tendinopathy and enthesiopathy
these two conditions may be considered intratendinous
different only in their geographical location with enthesi-
opathy being an insertional tendinopathy. As such, tendi-
nopathy has been shown to have either absent or minimal
inflammatory cell infiltrate (Ollivierre 1996). Rather, the
condition is better considered to be “degenerative” in na-
ture affecting the Achilles tendon (Astrom 1995, Movin
1997), the rotator cuff (Hashimoto 2003), the patellar
tendon (Khan 1998), and the common extensor tendon at
the elbow (Potter 1995). Macroscopically, the tendon be-
comes soft and disorganized with tissue looking yellow or
brown in appearance, a condition termed mucoid degen-
eration. In addition, there is a loss of the normally tight-
ly bundled collagen fibers (Khan 1999). Microscopically,
there is degeneration and disorganization of collagen
with fibrosis (Maffulli 2000) and extensive neovascular-
ization may be present (Khan 1999, Maffulli 2000). Im-
portantly, tendinopathy may not be symptomatic and the
degree of pathological change does not necessarily cor-
relate well with clinical symptoms (Maffulli 2003).

Although the term tendinopathy has replaced that of
tendonitis, given the degenerative-like change which ex-
ists, more recent evidence would suggest that this may
be an oversimplification and it is likely that elements of
the inflammatory response play a role in the progres-
sion or continuation of tendon disrepair. Schubert (2005)
demonstrated the presence of macrophages and T and B
lymphocytes in chronic Achilles tendinopathy. This has
been supported by other studies demonstrating increased
levels of macrophage-derived interleukin 1 (IL 1) (Go-
toh 1997), cyclo-oxygenase 1(COX-1) (Sullo 2001),
COX-2 (Zhang 2010, Khan 2005), IL-6 (Legerlotz 2012),
isoforms of transforming growth factor B (TGF-B) (Fen-
wick 2000), and increased substance P (Gotoh 1998) in
chronic tendinopathy.
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In particular, substance P has been demonstrated as a
proinflammatory mediator (Garrett 1992) and together
with calcitonin gene-related peptide (CGRP) these noci-
ceptive mediators have been shown to be significantly
expressed in chronic tendinopathy. In addition to being
a proinflammatory mediator, substance P has also been
shown to exert a proliferative effect on tenocytes initiat-
ing an increase in the ratio of type III to type I collagen
mRNA contributing to formation of the smaller collagen
fibers seen in tendinopathic tendons (Fong 2013). Con-
sequently, although it would seem that the idea of “ten-
donitis” cannot be supported, there is evidence that
tendinopathy, considered an ongoing tendon degenera-
tive process, does contain many elements of an inflam-
matory-mediated response.

In clinical practice and on ultrasound, it is worth noting
that patients may present with either a tenosynovitis or
tendinopathy but also not uncommonly a combination of
both pathologies (> Fig. 1.9).

In relation to ultrasound, tendinopathic changes may
manifest as one or more of the following findings:

» Tendon thickening with heterogeneous echogenicity.

» Hypoechoic foci representing intrasubstance tears (de-
fined as linear hypoechoic foci associated with discon-
tinuity of tendon fibers).

* Calcifications and enthesophytes at the tendon
attachment.

* Neovascularization on Power Doppler (Levin 2005,
Zanetti 2003) (> Fig. 1.10, » Fig. 1.11).

Although intrasubstance tears may be considered as
one of the characteristics of tendinopathy, ultrasound
is also capable of assessing more significant tears and
complete ruptures which may be the consequence of a
chronic tendinopathy, trauma, or often a combination of
both (> Fig. 1.12, » Fig. 1.13).
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Fig. 1.6 (a) Longitudinal image of the tendon of tibialis
posterior (TP). The tendon itself appears intact and of a
good fibrillar pattern. However, there is a marked synovial
thickening (arrowheads) and fluid (white stars) around the
tendon within the sheath. These findings are in keeping

with a tenosynovitis. (b) Transverse image of the tendon of
TP. The tendon appears intact. There is, however, marked
effusion (white stars) and synovial thickening (arrowheads)
around the tendon. Findings are in keeping with a
tenosynovitis. (c) This is the same image as in part (b). Power
Doppler demonstrates that in addition to synovial thickening
and effusion there is an increased vascularity within the
synovial thickening.

4

*

/’.Jo—
Medial malleolus

Fig. 1.7 Longitudinal image of the tendon of tibialis

posterior (TP) around the medial malleolus. The tendon itself
appears of good echogenicity and fibrillar pattern. There is,
however, marked synovial thickening (yellow arrowheads) and
effusion (white stars) within the tendon sheath in keeping with
a chronic tenosynovitis.

Fig. 1.8 Transverse image of the first dorsal compartment of
the wrist and the tendons of abductor pollicis longus (curved
yellow arrow) and extensor pollicis brevis (curved white
arrow). Although there appears to be no effusion or synovial
thickening within the sheath, Power Doppler imaging
demonstrates a marked synovitis in keeping with a de
Quervain’s tenosynovitis.

Fig. 1.9 Transverse image of the tendon of tibialis

posterior (TP). There is synovial thickening (yellow arrowheads)
and effusion (white star) in keeping with a tenosynovitis. In
addition, there is a loss of the normal oval-shaped tendon
which appears of a heterogeneous echogenicity. These
findings are in keeping with both a tenosynovitis of the tendon
sheath and tendinopathy affecting the tendon itself.
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Fig. 1.10 Longitudinal image of the Achilles tendon. There

is a significant fusiform swelling within the midsubstance

of the tendon with associated loss of echogenicity (yellow
arrowheads). Deep to the tendon there is a clear

enhancement (white arrows) indicating that although the
tendon is thickened, it is less dense. These findings are in
keeping with a midsubstance tendinopathy. TA, tendo Achilles.

Fig. 1.11 Longitudinal image of the Achilles tendon.
In addition to a marked fusiform swelling within the
midsubstance of the tendon, Power Doppler demonstrates a
significant neovascularity throughout the tendon imaged.

Patella

Femoral condyle

1.1.2 Joints

Ultrasound may be used to assess the joints of the ap-
pendicular skeleton and is capable of providing detailed
information relating to acute injury and degenerative and
inflammatory processes. However, the clinician should be
aware of its limitations in regard to the deeper joints such
as the shoulder and, in particular, the hip from which lit-
tle detail of internal structure may be determined (Koski
1990, Hermann 2003).

Structures to consider when assessing joints are bone,
cartilage, and capsule together with the supporting lig-
aments which may appear as thickenings of the joint
capsule or as distinct entities standing slightly apart
from the capsule. In addition to the static assessment
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Humeral head

Fig. 1.12 Transverse image over the humeral head. There is a
complete loss of the normal tendon structure of supraspinatus
with the gap being filled with fluid (white star). Anteriorly,

the long head of biceps may be seen (yellow curved arrow).
Posteriorly, the tendon of infraspinatus may be seen (white
arrow). These findings indicate a rupture of the tendon of
supraspinatus with retraction of the tendon proximally.

Fig. 1.13 Longitudinal image of

the infrapatellar region. The image
demonstrates a complete absence of
normal patella tendon architecture (yellow
arrows) in keeping with a chronic
complete rupture of the tendon and
subsequent patella alta.

Tibial tuberosity

of these structures, use should be made of the ability of
ultrasound to assess the dynamic integrity of the joint
and supporting ligaments. Dynamic assessment of the
joint with both passive and active movements also allows
some evaluation of the internal structure of the joint not
visible in a static image and is able to demonstrate move-
ment of intra-articular fluid and, if present, loose bodies.
The appearance of bone is easy to detect as a distinct
hyperechoic line. Normal cartilage appears as a subtler
anechoic layer covering the bone with clear margins at
both its osteochondral and chondrosynovial boundaries.
Synovial fluid should normally have an anechoic ap-
pearance and a small amount present within the joint
between the cartilage and synovial membrane lining the
capsule may be considered to be normal (> Fig. 1.14).
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Metatarsal head

Fig. 1.14 Longitudinal image of the

first metatarsophalangeal joint of

the great toe. The subchondral bone

of the metatarsal head may be seen

as a hyperechoic line (white arrows).

The overlying cartilage appears as a
hypoechoic layer with a brighter line at its
superficial surface (yellow arrowheads). The
metatarsal recess contains a small amount
of anechoic fluid well within what would
be considered normal limits (curved yellow
arrow).

Base of phalanx

Fig. 1.15 (a) Longitudinal image of the metacarpophalangeal joint of the thumb. The head of the metacarpal (MC) appears prominent
in relation to the phalanx (P) indicative of subluxation. In addition, there appears to be a significant effusion (white star) and synovial
thickening (yellow arrowheads). The patient had a chronic and active rheumatoid arthritis. (b) This is the same image as in part (a),
except Power Doppler imaging has been used to demonstrate that the thickened synovium is actively inflamed.

When present, ultrasound is capable of demonstrating
pathological features affecting both intra- and periartic-
ular structures around the joint. In acute trauma or in
acute and chronic synovitis, joint cavity distension with
fluid is most characteristic with ultrasound being able
to give useful information as to the nature of the fluid.
A simple effusion will appear relatively anechoic while a
more chronic inflammatory condition or a joint infection
may contain fluid of mixed echogenicity indicating pro-
teinaceous material or synovial proliferation.

In addition to synovial proliferation, an active synovitis
is also characterized by a significant increase in vascu-
larity within the synovial membrane well demonstrated
with the use of Power Doppler imaging. In this respect,
ultrasound has been shown to provide detailed and early
objective quantitative and qualitative information on the
degree and activity of joint inflammation (Karim 2004,
Koski 1990, Backhaus 1999) (> Fig. 1.15a,b).

Ultrasound may detect a number of cartilaginous chang-
es in patients with osteoarthritis or inflammatory arthri-
tis. Changes include a loss of the normal clear, well-defined
outer margin, a loss of the clarity of the cartilaginous
layer itself, thinning of the cartilage, and irregularities of
the subchondral bone. The high spatial resolution of ul-
trasound allows the identification of early and minimal
subchondral bone changes in patients with inflammatory
arthritis with erosions as small as 1 mm being visible par-
ticularly in areas of known early bone reabsorption such
as the second metacarpophalangeal joint (Grassi 2001). In
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Fig. 1.16 Longitudinal image of the first metatarsophalangeal
joint of the great toe. The image demonstrates marked
degenerative change with bony exostosis at both the head of
the metatarsal and at the base of the proximal phalanx (yellow
arrowheads). Effusion is noted in the joint and also the
metatarsal recess (yellow curved arrow). There is hypertrophy of
the joint capsule with synovial thickening (yellow arrows).

this regard, ultrasound has been demonstrated to be able
to detect more erosions than plain X-ray in early rheuma-
toid arthritis (Wakefield 2000) (> Fig. 1.16).

1.1.3 Bursae

In the nonpathological state most bursae are not clear-
ly discernible. When they are visible on ultrasound they
ordinarily appear as a thin hypoechoic line bounded by
equally thin echogenic borders corresponding to the tis-
sue-fluid-tissue interface (> Fig. 1.17).
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Humeral head

Fig. 1.17 Transverse image of the subacromial bursa overlying
the supraspinatus tendon (SST). The bursa may be seen

to be composed of a thin hypoechoic line (curved yellow
arrow) bounded by two hyperechoic borders (yellow arrows)
corresponding to the tissue—fluid—tissue interface.

In the pathological state a bursa may appear thick-
ened and/or distended with fluid. This may be simple in
nature in which case it is characteristically anechoic in
appearance or contain proteinaceous material or syno-
vial proliferation in which case the bursal contents will
demonstrate a degree of echogenicity consistent with the
underlying cause and duration of symptoms (> Fig. 1.18).

1.1.4 Muscle

The high spatial resolution of ultrasound allows a thorough
examination of muscle for a variety of pathology. Within
the remit of musculoskeletal and sports medicine, ultra-
sound is particularly useful in the assessment of muscu-
lar contusions and tears being able to assess the degree of
pathology and monitor the muscle as it repairs in order to
be able to guide and direct rehabilitation (Peetrons 2002).

In the longitudinal view, normal muscle tissue typically
demonstrates low echo fascicles surrounded by hypere-
choic lines representing the internal fibroadipose septa,

Femur

Fig. 1.19 Transverse image of the mid-third of the thigh.

The four parts of the quadriceps can be seen overlying the
femur, vastus lateralis (VL), vastus medialis obliquus (VMO),
vastus intermedius (VI1), and rectus femoris (RF). The internal
perimysium and may be seen as hyperechoic short lines.

The internal epimysium is seen as slightly thicker and longer
lines (arrowheads). The surrounding epimysium may be seen as
a hyperechoic border (yellow arrows).
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Patella
Hoffa's fat

Tibial
tuberosity

Fig. 1.18 Longitudinal image of the patella and infrapatellar
region of the knee. The patella tendon (yellow arrows)
appears intact; however, a hybrid anechoic/low echo
swelling (yellow arrowheads) is seen overlying the lower half
of the patella and upper third of the patellar tendon (note
the posterior acoustic enhancement). These findings are
indicative of a prepatellar bursitis.

the perimysium, and endomysium. The whole muscle
is in turn surrounded by the hyperechoic fascial sheath,
the epimysium. In the longitudinal plane, the perimysi-
um are commonly arranged in parallel to the long axis
of the muscle or angled toward a central tendon in a
herringbone arrangement in muscles such as the rectus
femoris of the thigh. In the transverse plane, the perimy-
sium is seen as a series of hyperechoic dots or short lines
scattered throughout the more hypoechoic background
representing the muscle fibers (> Fig. 1.19, » Fig. 1.20).

Trauma may result in a contusion, strain, or tear of the
muscle either within the muscle belly or more commonly
at the musculotendinous junction. Muscle tears are com-
monly graded I, II, or III. A grade I muscle strain will either
appear normal on ultrasound imaging or demonstrate
only subtle changes comprising either hypoechoic or hy-
perechoic areas within the muscle in addition to possible
perifascial edema (Takebayashi 1995).

A grade II muscle strain represents intrasubstance partial
tearing with more than a 5% disruption of muscle fibers. Ul-
trasound demonstrates discontinuity of muscle fibers and
the hyperechoic perimysium. Power Doppler may demon-
strate a surrounding hypervascularity. In addition, the
cavity formed by retraction of muscle fibers may fill with
hematoma. Initially, blood may appear hyperechoic but
within 2 to 3 days the collection will appear anechoic with a

‘Medial gastrocnemius.—

Soleus

Fig. 1.20 Longitudinal image of the medial gastrocnemius and
soleus muscles as they join onto the medial aponeurosis (yellow
arrows) in the midcalf region. The internal perimysium may

be seen as a series of hyperechoic lines surrounded by the
hypoechoic muscle fibers.

Al use subject to https://ww.ebsco. conterns-of-use



8

EBSCChost -

Diagnostic Ultrasound and Guided Injection

hyperechoic surrounding halo (Bianchi 1998). Grade Il mus-
cle strains may also occur at the musculotendinous junction
such as in a “tennis leg” where the medial head of the gas-
trocnemius muscle detaches from its shared aponeurosis
with the soleus muscle (> Fig. 1.21). As the tear heals, the
central anechoic region will appear to shrink with ingrowth
of hyperechoic fibrous tissue (> Fig. 1.22).

Grade III strains represent a complete tear of the muscle
either within the midbelly or commonly at the muscu-
loskeletal junction with a palpable defect or soft tissue
mass often present. On imaging, there is a complete dis-
continuity of muscle fibers with loss of normal muscle
architecture and associated hematoma (> Fig. 1.23). The
retracted echogenic muscle stump may be seen to be sur-
rounded by hypoechoic hematoma.

As the muscle tear heals, the resultant scar tissue may
appear hypoechoic and should not be mistaken for an
acute tear (> Fig. 1.24).

In more chronic cases, a soft tissue mass may devel-
op with a marked peripheral vascularization. This may
represent evidence of an early myositis ossificans with
subsequent and characteristic calcification particularly
noticeable around the periphery of the lesion (> Fig. 1.25).

Fig. 1.22 Transverse image of the midthigh. The rectus
femoris muscle (RF) contains a large area of low echogenicity
within its midsubstance with a loss of normal perimysium. The
image is in keeping with a large intrasubstance tear (yellow
oval). The underlying vastus intermedius appears intact (VI).

Semitendinosus

Semimembranosus

Fig. 1.24 Longitudinal image of the medial hamstring
muscles. The overlying semitendinosus demonstrates a
loss of normal architecture with what appears as an area
of low echogenicity (yellow arrowheads). The underlying
semimembranosus appears intact. These findings are

in keeping with a chronic hamstring tear affecting the
semitendinosus muscle and subsequent fibrosis.
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Care should, however, be exercised in such cases even in
the presence of trauma as a more sinister lesion such as a
sarcoma cannot always be excluded on ultrasound alone.

Soleus

Fig. 1.21 Longitudinal image of the medial calf. The medial
head of the gastrocnemius muscle (MGM) demonstrates a loss
of normal fibrillar pattern toward its distal insertion onto the
medial aponeurosis (yellow arrows). The deeper soleus muscles
appear intact. The image is in keeping with a grade Il tear of
the medial gastrocnemius muscle.

Fig. 1.23 Longitudinal image of the anterior thigh. A

large low echo intramuscular collection is seen within

vastus intermedius (VI) measuring approximately 16 cm
longitudinally (white crosses). The overlying rectus femoris (RF)
appears intact. The patient described a sudden onset of

pain following a kicking movement during karate training.

The image is in keeping with a grade Il rupture of the vastus
intermedius muscle and subsequent hematoma.

Fig. 1.25 Longitudinal image of the bicep femoris muscle.
There are irregular hyperechoic foci within the muscle belly
with loss of normal surrounding muscle architecture. The

foci itself demonstrate posterior shadowing. The patient was

a 32-year-old footballer who described a hamstring strain
several months previously. Rehabilitation had not fully resolved
symptoms and an ultrasound was performed. The image is in
keeping with a myositis ossificans of the bicep femoris muscle.

Al use subject to https://ww.ebsco. conterns-of-use



Diagnostic Ultrasound and Musculoskeletal Medicine

EBSCChost -

1.1.5 Nerve

Ultrasound is capable of detecting peripheral nerves based
both on their known anatomical position and their char-
acteristic internal structure. Although similar in aspect
to tendons both in longitudinal and transverse planes,
the echotexture of nerves can be distinguished from
that of tendons because of the coarser appearance of the
nerve (»Fig. 1.26, »Fig. 1.27a,b). This characteristic ap-
pearance of echoic bands in longitudinal plane and dots in
transverse plane corresponds to connective tissue within
the nerve. This distinctive feature has been termed as a
“pepper pot” or fascicular appearance (Silvestri 1995).
Although limited in regard to recognition of nerve func-
tion, ultrasound is able to clearly identify nerve swelling
as in cases of neural entrapment such as carpal tunnel
syndrome. In the assessment of carpal tunnel ultrasound
has been shown to have a high degree of both specifici-
ty and sensitivity of 100 and 99%, respectively (Klauser
2009, Hobson-Webb 2008). On ultrasound, the entrapped
nerve will appear flattened and thickened with an

Fig. 1.26 Longitudinal image of the tarsal tunnel of the ankle.
The tibial nerve (N) may be seen to sit between the posterior
tibial artery (A) and the tendon of flexor hallucis longus (FHL).
The nerve is of characteristic appearance with a relatively
“coarse” internal architecture.

increase in its normal cross-sectional area (»>Fig. 1.28).
There may also be an associated intraneural hypervascu-
larity (> Fig. 1.29) (Ammar 2006).

Fig. 1.27 (a) Transverse image of the median nerve within the
carpal tunnel at the wrist. The median nerve (yellow arrow)
may be seen to the left of one of the flexor tendons (white
arrow). The image demonstrates the coarser more hypoechoic
internal structure of the nerve compared to the tendon.

(b) Longitudinal image of the median nerve at the wrist. The
median nerve (yellow arrow) may be seen overlying the flexor
tendon (white arrow). The nerve appears more hypoechoic
than the tendon corresponding to the connective tissue within
the nerve.

Fig. 1.28 Transverse image of the median nerve within the
carpal tunnel. The nerve appears flattened and thickened. The
normal cross-sectional area of the median nerve at the wrist
may be considered to be between 7 and 9 mm?. In this example
the nerve has a cross-sectional area measuring 22 mm?.
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Fig. 1.29 Longitudinal image of the median nerve at the
level of the carpal tunnel. There appears to be a mild swelling
of the nerve as it enters the tunnel (white arrowheads).
Doppler imaging demonstrates a mild intraneural vascularity
suggestive of carpal tunnel syndrome.
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2 The Shoulder: Diagnostic Imaging

Abstract

Ultrasound of the shoulder is one of the most common
applications of musculoskeletal ultrasound both as a di-
agnostic tool and as an aid to accurate intervention. This
chapter outlines the correct positioning of both patient
and probe to ensure accurate visualization of the key
structures around the shoulder. Of particular importance
when examining the shoulder is the need to assess holis-
tically given the interplay between structures, for exam-
ple, the relevance of fluid within the subacromial bursa
and bicipital sheath in a full thickness rotator cuff tear. A
high-frequency (7-15 MHz) linear probe with a relatively
large footprint should be used for diagnostic imaging to
allow sufficient anatomical resolution.

Keywords: long head of biceps, subscapularis, subcora-
coid, supraspinatus, infraspinatus, transverse ligament,
coracoacromial ligament, subacromial bursa, glenohu-
meral joint, acromioclavicular joint, sternoclavicular
joint, suprascapular notch

2.1 Diagnostic Imaging of the
Shoulder: Introduction

The shoulder joint should be considered as a whole, giv-
en the interplay between the tendons of the rotator cuff,
the bursae, the tendon of the long head of biceps and the
acromioclavicular joint. In particular, ultrasound of the
shoulder should include dynamic scanning of structures
to assess for impingement syndromes.
Imaging includes the following:
* Long head of biceps tendon.
» Subscapularis tendon.
» Dynamic assessment for long head of biceps sublux-
ation and subcoracoid/anterior impingement.
» Supraspinatus tendon and subacromial bursa.
* Infraspinatus tendon and posterior glenohumeral joint.

Fig. 2.1 Transverse scan of the long head in the bicipital
groove.
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 Suprascapular notch and suprascapular nerve.
* Acromioclavicular joint.
 Sternoclavicular joint.

2.1.1 Long Head of Biceps Tendon

Transverse Scan

The patient is seated with the elbow flexed to 90 de-
grees and the arm supported on a pillow. The arm may
be placed in slight internal rotation. The probe is placed
in the anatomical transverse plane so that it is posi-
tioned transversely over the long biceps tendon found
in the bicipital groove between the greater and lesser
tuberosities. Scan proximally as far as possible before
the tendon passes form view below the acromion and
distally to the musculotendinous junction at the lev-
el of the pectoralis major tendon (> Fig. 2.1, »Fig. 2.2,
»Fig. 2.3, » Fig. 2.4, » Fig. 2.5).

The subacromial-subdeltoid bursa (SSB) is located deep
to the deltoid muscle and the coracoacromial arch and
extends laterally beyond the humeral attachment of the
rotator cuff anteriorly over the intertubercular groove,
medially to the acromioclavicular joint, and posteriorly
over the rotator cuff. It is important when scanning this
region to follow the bursa to its most inferior margin as
this is often where fluid is seen.

The bicipital sheath may be seen to extend some way
inferiorly below the greater and lesser tuberosities. Scan-
ning should include this region to ensure that any fluid
distension of the bicipital sheath is not missed.

Longitudinal Scan

The probe is returned to the level of the bicipital groove
and turned through 90 degrees so that it is positioned
in the anatomical sagittal plane to view the tendon
longitudinally (> Fig. 2.6, » Fig. 2.7).

Fig. 2.2 Transverse image of long head of biceps in bicipital
groove. AD, anterior deltoid; GT, greater tuberosity; LT, lesser
tuberosity.
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Fig. 2.3 Transverse image of long head of biceps proximal to
the bicipital groove. Note the tendon is oval in appearance as
it turns medially to run over the humeral head. HH, humeral

head; SST, supraspinatus tendon; SUB, subscapularis tendon.

Fig. 2.4 Transverse image of the long head of biceps (yellow
arrow) distal to the bicipital groove at the level of the
pectoralis major tendon.
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Fig. 2.5 Anterior coronal view of the right
glenohumeral and acromioclavicular joints.
The subacromial bursa is the synovial cavity
located just below the acromion, which
communicates with the subdeltoid bursa
in most individuals, forming the so-called
subacromial-subdeltoid bursa (SSB). The
SSBis located deep to the deltoid muscle
and the coracoacromial arch and extends
laterally beyond the humeral attachment
of the rotator cuff anteriorly over the
intertubercular groove, medially to the
acromioclavicular joint, and posteriorly
over the rotator cuff. It is important when
scanning this region to follow the bursa

to its most inferior margin as this is often
where fluid is seen. The bicipital sheath
may be seen to extend some way inferiorly
below the greater and lesser tuberosities.
Scanning should include this region to
ensure that any fluid distension of the
bicipital sheath is not missed. (Reproduced
from Schuenke, Schulte, and Schumacher,
Atlas of Anatomy, 2nd edition, ©2014,
Thieme Publishers, New York. Illustration
by Karl Wesker/Markus Voll.)

Fig. 2.6 Longitudinal scan of the long head of biceps. The
probe is placed in the anatomical sagittal plane over the
tendon in the bicipital groove.
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Humerus

Fig. 2.7 Longitudinal image of the long head of biceps in the
bicipital groove. The tendon appears as a fibrillar band (yellow
arrows) below the anterior deltoid (AD) muscle.
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The Long Head of Biceps: Pathology

See »Fig. 2.8, »Fig. 2.9, »Fig. 2.10; »Fig. 2.11a,b; » Fig.
2.12a,b; »Fig. 2.13a,b.

Humerus

Fig. 2.9 Longitudinal view of the bicipital groove. The image
fails to demonstrate the normal linear fibrillar pattern of the
tendon in keeping with a tendon rupture. Instead the bicipital
groove appears filled with echogenic material (dashed yellow
arrows). AD, anterior deltoid; yellow arrow dashed, bicipital
Humerus groove demonstrating no clear long head of biceps tendon.

Fig. 2.8 Transverse image of the long head biceps (yellow
arrow). The image demonstrates fluid around the tendon
within the bicipital sheath (white arrowheads). The fluid
extends both medially and laterally around the tendon due to
the pressure of the probe. A longitudinal scan over the tendon
would not have demonstrated any fluid. AD, anterior deltoid.

Fig. 2.10 Longitudinal image of the long head of biceps
tendon (yellow arrows). The tendon appears intact with a good
fibrillar pattern. However, fluid and some synovial thickening
are noted surrounding the tendon within the bicipital

groove (yellow dashed arrow).

Fig. 2.11 (a) Transverse image of the long head of biceps at
the level of the bicipital groove. The image demonstrates the
long head biceps (yellow arrow) as being subluxed medially
and overlying the subscapularis tendon (white arrowhead).
The bicipital groove appears empty (curved yellow arrow). (b)
Longitudinal image confirms that the long head biceps is
intact (yellow arrows) but subluxed medially and is overlying
the subscapularis tendon (white arrowhead).
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Fig. 2.12 (a, b) Transverse image of the bicipital groove. The image demonstrates a tendinopathic long head of biceps (yellow arrow).
In addition, there is synovial thickening within the bicipital sheath (white star) with bowing of the transverse ligament (white curved
arrow). The right hand image demonstrates the associated Doppler signal within the bicipital sheath indicating tenosynovitis.

Humerus

Humerus

Fig. 2.13 (a) Transverse images of the long head of biceps. The image above demonstrates a tendinopathic tendon (yellow arrow)
at the level of the bicipital groove with bowing of the transverse ligament (white curved arrow) and synovial thickening (white stars).
Doppler imaging also demonstrates an associated synovitis. (b) This image is taken distally to the bicipital groove and demonstrates

fluid within the sheath (dashed yellow arrow).
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The Shoulder: Diagnostic Imaging

2.1.2 Subscapularis Tendon

Longitudinal Scan

The patient is seated with the elbow flexed to 90 degrees
and the arm supported on a pillow. The arm should be
placed in slight external rotation. The long head of the

Fig. 2.14 Longitudinal scan of the subscapularis tendon. The
probe is placed in the anatomical transverse plane with its
lateral edge over the bicipital groove which may be used as a
landmark.

Transverse Scan

To view the subscapularis tendon transversely, the
probe is turned through 90 degrees to be positioned

Fig. 2.16 Transverse scan of the subscapularis tendon. The
probe is placed in the anatomical sagittal plane over the
tendon. A better image may be obtained if the probe is angled
in a slight posterolateral alignment.

biceps may be used as a landmark. The probe is placed in
the anatomical transverse plane to image the subscapu-
laris tendon longitudinally. The arm should be external-
ly and internally rotated to view the greatest extent of
the tendon possible and to assess for anterior impinge-
ment (> Fig. 2.14, » Fig. 2.15).

Fig. 2.15 Longitudinal image of the subscapularis

tendon (yellow arrows). The tendon may be seen to extend
from below the coracoid (white arrowhead) and to travel
laterally to insert onto the lesser tuberosity (LT). The bicipital
groove may be used as a landmark and can just be seen to the
left of the image (curved arrow).

in the sagittal plane. If the probe is angled in a slight
posterolateral alignment, a better image may be ob-
tained (> Fig. 2.16, » Fig. 2.17).

Fig. 2.17 Transverse image of the subscapularis tendon (yellow
arrows). The tendon may be seen to lay over the lesser
tuberosity (LT). Note the fascicular pattern of the tendon which
is entirely normal.
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2.1.3 Dynamic Examination for Subscapularis: Pathology
Subcoracoid Impingement See » Fig. 2.19a-c.
See > Fig. 2.18.

Fluid within the subcoracoid bursa
seen with impingement of the bursa
__against the coracoid

Fig. 2.18 Longitudinal image of the medial portion of the
subscapularis tendon (yellow dashed arrows) at the level of the
coracoid (white arrowhead). The subject has been asked to
internally rotate the shoulder. A small amount of fluid is seen
with in the subcoracoid bursa as it impinges against the lateral
aspect of the coracoid (yellow arrow). HH, humeral head.

Fig. 2.19 (a) Longitudinal image of the tendon of
subscapularis tendon fails to demonstrate a tendon over the
anterior aspect of the humeral head (HH) in keeping with

a complete rupture (yellow arrows). (b) In addition, there is
retraction of the proximal component of the tendon (curved
arrow) with some fluid noted deep to the coracoid (white
star). (c) Transverse image of the subscapularis also failed

to demonstrate a tendon over the humeral head (yellow
arrows). White arrowhead, coracoid; yellow arrows, absence of
subscapularis tendon over the humeral head.
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2.1.4 Supraspinatus Tendon and
Subacromial Bursa (Including
Dynamic Imaging as Indicated)

Transverse Scan

The patient is asked to place his or her hand on the poste-
rior aspect of the hip while keeping the elbow tucked in.

Fig. 2.20 Transverse scan of the supraspinatus tendon.

The medial edge of the probe is placed over the long head
of the biceps tendon within the rotator interval to ensure
that the anterior free edge of the supraspinatus tendon and
midsubstance are both imaged.

Find the long head of the biceps in transverse view and
then move the probe posteriorly to view the supraspina-
tus tendon in transverse section. It is important to scan
distally as far as the greater tuberosity and proximally
following the tendon of supraspinatus until it disappears
below the acromion (> Fig. 2.20, » Fig. 2.21, » Fig. 2.22).

Fig. 2.21 Transverse image of the supraspinatus tendon. Note
the long head of biceps tendon in the rotator interval (white
arrowhead). The subacromial bursa (curved arrow) may be seen
overlying the supraspinatus tendon (yellow arrows). In this
image the bursa is not thickened.

Supraspinatus

Clavicular facet

Subacromial bursa Coraco-

Intertubercular groove

Lesser tubercle Humerus

Superior transverse
ligament of scapula

Acromion

acromial

Subdeltoid bursa ligament
Coracoid
Greater tubercle process

Fig. 2.22 Superior transverse view of

the right glenohumeral joint. In the
illustration, the clavicle has been removed
to allow visualization of the subacromial/
subdeltoid bursa and the underlying
muscle and tendon of supraspinatus.
Note the extent to which the bursa
extends beneath the coracoacromial arch
formed by the acromium, coracoacromial
ligament, and coracoid. When scanning
the tendon of supraspinatus, the probe
should move as far as the lateral edge

of the coracoacromial arch to ensure
maximum visualization of the tendon.
Note the position of the superior
transverse scapular ligament of the
scapular notch. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)

Scapula

Coracoacromial
arch
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Longitudinal Scan allows the full visualization of the supraspinatus ten-

] ] don form its anterior free edge through its midsubstance
The probe is turned through 90 degrees to find the long 4 the tendon of infraspinatus posteriorly (> Fig. 2.23,
head of biceps running longitudinally through the rotator > Fig. 2.24).

interval. Moving the probe in a superolateral direction

Fig. 2.24 Longitudinal image of the supraspinatus

Fig. 2.23 Longitudinal scan of the supraspinatus tendon. The tendon (yellow arrows). The subacromial bursa may be seen
long head of biceps tendon can be found in the bicipital groove overlying the tendon (curved arrow). In a nonpathological

in longitudinal section. The probe is then moved posteriorly to state, the subacromial bursa appears as two parallel echogenic
view the tendon of supraspinatus. lines separated by a low echo central region. DM, deltoid

muscle; GT, greater tuberosity.

Supraspinatus: Pathology

See »Fig. 2.25a,b; »Fig. 2.26, »Fig. 2.27, »Fig. 2.28a,b;
»Fig. 2.29, » Fig. 2.30a,b; » Fig. 2.31a-c.

Fig. 2.25 (a) Transverse image of the supraspinatus tendon demonstrating loss of normal tendon structure over the humeral head

in keeping with a full-thickness tear. The overlying subacromial bursa (yellow arrows) has collapsed down onto the humeral head. The
size of the tear can be seen between the white stars measuring 2 cm. The long head of biceps can be seen toward the bottom right
of the image (curved arrow). (b) Transverse image of the supraspinatus tendon. This image is the same as part (a) except pressure
from the probe has been reduced (note loss of contact at the edges of the image). This decreased pressure has allowed fluid to fill the
subacromial bursa (yellow arrows) through the full-thickness tear. HH, humeral head.
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Fig. 2.26 Transverse image of the supraspinatus tendon (yellow
dashed arrows). There is a low echo foci within the midsubstance
of the tendon with associated bowing of the overlying
subacromial bursa into this region (white arrowhead). In
addition, an “articular cartilage sign” is seen (white arrows).
Findings in keeping with a full-thickness tear. The tear measures
approximately 7 mm in length (calipers 2) and is situated 9 mm
posterior to the anterior edge of the tendon (calipers 1). Yellow
curved arrow, long head biceps; HH, humeral head.

Fig. 2.28 (a) Longitudinal image of the greater tuberosity. The
subacromial bursa is seen to be distended (yellow arrows) as it
overlays the lateral aspect of the greater tuberosity (GT). (b)
MRI (coronal STIR). The image is of the same shoulder

as in part (a). The image demonstrates high signal in the
subacromial bursa (yellow arrow). DM, deltoid muscle.
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Fig. 2.27 Transverse image over the humeral head. The
tendon of supraspinatus cannot be clearly seen. The

overlying deltoid muscle is in direct contact with the humeral
head. Findings in keeping with a complete rupture of the
supraspinatus tendon with retraction of the tendon proximally.
HH, humeral head.

Fig. 2.29 Transverse image of the tendon of

supraspinatus (yellow arrows). A low echo region is
demonstrated within the midsubstance of the tendon

toward its insertion onto the greater tuberosity measuring
approximately 1.3 cm (white stars). Findings in keeping with a
full-thickness tear. The overlying subacromial bursa appears to
indent the torn tendon (white arrowhead). HH, humeral head.
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Fig. 2.30 (a) Longitudinal image of the tendon of supraspinatus (yellow arrow). A relatively large calcific region measuring
approximately 0.8 mm can be seen within the distal part of the tendon toward its insertion on the greater tuberosity (white crosses).
Note the posterior shadowing (curved arrow). (b) X-ray of the same shoulder as in part (a) demonstrates the calcific foci (dashed yellow
arrow). HH, humeral head.

Fig. 2.31 (a) Transverse image of the
tendon of supraspinatus. The tendon
cannot be seen over the humeral head

in keeping with a complete rupture. In
addition, there was a large subacromial
bursal effusion with associated bursal
thickening (dashed arrows). (b) X-ray of the
same shoulder demonstrates a marked
reduction in the acromiohumeral space
in keeping with a complete rupture of the
supraspinatus tendon (curved arrow). (c)
CT of the same shoulder demonstrating
an advanced osteoarthrosis involving the
glenohumeral joint with marked loss of
joint space, large osteophyte formation,
subchondral sclerosis and cyst formation,
and a decreased acromiohumeral

space (curved arrow). HH, humeral head.
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2.1.5 Infraspinatus Tendon

Longitudinal Scan

The patient is asked to place the hand of the shoulder to
be imaged on the opposite shoulder with the elbow rest-
ing on the chest. In this position the tendon of infraspina-
tus runs horizontally and is parallel to and immediately
below the spine of the scapula. Scan from the musculo-
tendinous junction posterior to the humeral head to the
insertion of the tendon onto the greater tuberosity which
is situated relatively laterally (> Fig. 2.32, » Fig. 2.33a,b).

Infraspinatus: Pathology
See > Fig. 2.34, » Fig. 2.35.

Fig. 2.32 Longitudinal scan of the tendon of supraspinatus
tendon. Place the probe parallel to and immediately below
the spine of the scapula. The tendon insertion itself is situated
relatively laterally.

Fig. 2.33 (a) Longitudinal image of the posterior aspect of the shoulder joint. Both the tendon (yellow arrows) and muscle of

infraspinatus (IM) can be seen deep to the posterior deltoid (PD) muscle. Note the posterior glenoid labrum demonstrated here as a
hyperechoic triangle (dashed yellow arrow). (b) Longitudinal image of the tendon of infraspinatus (yellow arrows). The tendon can be
seen to insert onto the posterior aspect of the greater tuberosity. HH, humeral head; IM, infraspinatus muscle; PD, posterior deltoid;

PG, posterior glenoid.

Fig. 2.34 Longitudinal image of the posterior aspect of the
humeral head (HH) and glenohumeral joint. The tendon of
infraspinatus cannot be seen in keeping with complete rupture
and retraction of the tendon proximally (yellow arrows). In
addition, there is a significant effusion extending out from the
posterior aspect of the glenohumeral joint which is lifting the
posterior deltoid muscle away from the humeral head (white
star). PD, posterior deltoid; PG, posterior glenoid.
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Fig. 2.35 Longitudinal image of the posterior aspect of the
humeral head (HH) and glenohumeral joint. There is an
effusion deep to the infraspinatus tendon which can be seen to
extend to the superficial aspect of the tendon (white star). The
tendon itself appears intact (white arrowheads). PD, posterior
deltoid; PG, posterior glenoid.
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2.1.6 Su prasca pular Notch and fossa-. Thg sup.rasc.apular potch and perve may be sgen in
Suprascapular Nerve longitudinal view immediately medial to the acromiocla-

vicular joint deep to the upper trapezius and supraspina-
The patient sits with his or her arm by the side. The probe  tus muscle (> Fig. 2.36, » Fig. 2.37, » Fig. 2.38).
is placed in a coronal oblique plane over the supraspinous

Fig. 2.36 Longitudinal scan over the suprascapular notch

and nerve. The probe should be positioned in a coronal
oblique plane so that it lies over the supraspinous fossa. The
suprascapular notch may be seen deep to the upper trapezius
and supraspinatus muscles.

Fig. 2.37 Longitudinal image of the suprascapular nerve (white
arrowhead) lying within the suprascapular notch (yellow
arrow). Overlying the nerve can be seen the muscle bellies of
supraspinatus tendon (SST) and upper trapezius (UT).

Fig. 2.38 Posterior coronal view of

the right glenohumeral joint and

suprascapular notch. Note the superior
Suprascapular transverse ligament and underlying

nerve suprascapular notch containing the
suprascapular nerve. The suprascapular
Superior transverse artery travels superiorly to the superior
ligament of scapula transverse ligament. The superior

transverse ligament may be ossified.
Suprascapular nerve in Injection here can provide symptomatic
Ver_tebra the scapular notch relief in painful shoulders related
prominens to degenerative change and large
) Acromion rotator cuff tears when conservative
| ;;/ treatment has failed and surgery is not
Supra- = Greater an option. (Reproduced from Schuenke,
spinatus __.- —— tuberdle Schulte, and Schumacher, Atlas of
muscle - Anatomy, 2nd edition, ©2014, Thieme
Scapular Publishers, New York. lllustration by Karl
spine Wesker/Markus Voll.)
Infra-
spinatus
muscle
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2.1.7 The Acromioclavicular Joint

The patient is positioned with the arm by the side. The
acromioclavicular joint is viewed longitudinally with
the probe placed in a coronal oblique plane (> Fig. 2.39,
»Fig. 2.40, » Fig. 2.41).

Fig. 2.39 Longitudinal scan of the acromioclavicular joint. The
probe is placed in a coronal oblique plane over the joint.

Fig. 2.40 Longitudinal image of the
acromioclavicular joint. The acromium is
o - seen to the right of the image and appears
=~ — inferior to the distal clavicle positioned

to the left of the image. The joint capsule

: is indicated by the curved arrow. Curved
Acromium arrow, acromioclavicular joint capsule.

Distal clavicle ————

Superior transverse Coraco- Axroio- Fig. 2.41 Posterior coronal view of the
ligament of scapula  clavicular ligament  Clavicale  clavicular ligament right glenohumeral and acromioclavicular

/ joints. The illustration also demonstrates
. / .
b : b

suprascapular nerve passes deep to

the superior transverse ligament. The
suprascapular artery travels superiorly

to the ligament. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. Illustration by Karl
Wesker/Markus Voll.)

the scapular notch through which the
—

Scapular

notch Acromion

Greater
tubercle

Humerus
Axillary
recess

Infraspinous Scapular Joint
fossa spine capsule
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Acromioclavicular Joint: Pathology
See »Fig. 2.42, » Fig. 2.43, » Fig. 2.44, » Fig. 2.45.

Distal clavicle Acromium

Acromium

Distal clavicle
Fig. 2.43 Ultrasound image of the acromioclavicular joint
demonstrating degenerative change with extrusion of the

Fig. 2.42 Longitudinal image of the acromioclavicular joint fibrocartilage (yellow arrow). In addition, there appears to
demonstrating marked degenerative change with osteophytic be distension of the capsule with fluid and an associated
lipping (white arrowheads). In addition, there is marked joint cyst (dashed arrow) extending from the joint over the acromion
hypertrophy (curved arrow). measuring approximately 3 cm in longitudinal axis.

Fig. 2.44 Ultrasound image of the acromioclavicular joint Fig. 2.45 Ultrasound image of the acromioclavicular joint
demonstrating increased widening of the joint (white stars) in outlined in » Fig. 2.44. Power Doppler demonstrates that

keeping with previous surgical excision of the distal clavicle. In in addition to joint hypertrophy there is a marked synovial
addition, hypertrophy of the capsule is seen (curved arrow). vascularity in keeping with synovitis.
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2.1.8 Sternoclavicular jJoint Sternoclavicular Joint: Pathology

The patient is positioned in supine lying with the arms  See »Fig. 2.49a,b.
resting on the abdomen. The probe is placed longitudinal-

ly over the sternoclavicular joint (> Fig. 2.46, » Fig. 2.47,

» Fig. 2.48).

e ——

N -

+

Sternum . 3
Proximal clavicle

Fig. 2.47 Longitudinal image of the sternoclavicular joint. The
sternum is to the left of the image and the proximal end of
the clavicle to the right. The joint is indicated by the curved
arrow. The sternum is normally seen as slightly superior to the
proximal clavicle (white crosses).

Fig. 2.46 Ultrasound scan of the sternoclavicular joint. The
probe is placed longitudinally over the sternoclavicular joint.
In this figure, the probe is being used to guide a needle into

the joint.
Anterior sternoclavicular Articular  Costoclavicular ligament Fig. 2.48 Anterior coronal view of the
Clavicle igament disk ; First rib manubrium and sternoclavicular joints.
Interclavicular The sternoclavicular joint is structurally
", ligament classed as a synovial double-plane joint

and functionally classed as a diarthrotic
joint. Note the normal offset alignment
of the sternoclavicular joints with the
proximal clavicle in a relatively more
superior position than the manubrium.
This is seen in the coronal plane; however,
when scanning the joint longitudinally
over its anterior border, the proximal
clavicle will appear more superior in
relation to the sternum. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. Illustration by Karl
Wesker/Markus Voll.)

o |-/'

Costal
cartilage ~ Radiate sterno-  Manubrium Sternocostal
costal ligament joint

e —
e yf
g T

o —
-

Clavicle Sternum Clavicle

a

Sternum

Fig. 2.49 (a) Longitudinal image of an asymptomatic sternoclavicular joint. There is no evidence of subluxation or hypertrophy of
the capsule. A normal relationship is seen between the sternum and proximal clavicle (white crosses). (b) Longitudinal image of the
symptomatic sternoclavicular joint in the same patient as above. The image demonstrates an anterior and superior subluxation of the

medial end of the clavicle in relation to the sternum (white crosses). Some associated thickening of the capsule is also noted (curved
arrow).
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3 The Shoulder: Guided Injection Techniques

Abstract

This chapter outlines commonly used injection tech-
niques around the shoulder. The aim is to detail the po-
sition and alignment of the probe and needle to allow
accurate placement into the target tissue. In addition a
brief clinical presentation is given for each condition as
well as some of the anatomical considerations which
should be noted. The drugs, dosages and volumes given
are those used in the author’s clinic.

Keywords: long head of biceps, subscapularis, subcora-
coid, supraspinatus, infraspinatus, transverse ligament,
coracoacromial ligament, subacromial bursa, glenohu-
meral joint, acromioclavicular joint, sternoclavicular
joint, suprascapular notch

3.1 Glenohumeral Joint
Injection—Acute or Chronic
Capsulitis: “The Frozen
Shoulder”

3.1.1 Cause

* Most commonly idiopathic.

* May be due to an underlying osteoarthritis or rheuma-
toid arthritis.

+ Secondary to trauma or postsurgery.

3.1.2 Presentation

* Pain felt in the shoulder region with referral into the
upper arm.
* Occasionally, pain may radiate as far as the hand.

» The shoulder presents in a classic capsular pattern of

restriction with a painful loss of the following:
o Most lateral rotation with a hard end feel.
o Less abduction.

o Least medial rotation.

3.1.3 Equipment

See » Table 3.1.

Table 3.1 Equipment needed for glenohumeral joint injection—
acute or chronic capsulitis (“the frozen shoulder”)

Syringe Needle  Corticosteroid Local Transducer
anesthetic
10mL 21 40-mg Depo-  10-mL 1% Large
gauge-  Medrone lidocaine linear
2inch or (£20-40-  footprint
spinal mL saline)
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3.1.4 Anatomical Considerations

The safest and easiest technique is to use a posterior ap-
proach. The clinician need not worry about any major
blood vessels or nerves if this technique is used and the
posterior curve of the humeral head gives a clear angle to
direct the needle. 3

3.1.5 Procedure

* The patient sits facing the ultrasound machine with the
arm to be injected resting across their stomach.

« Identify the spine of the scapula and place the trans-
ducer immediately below this in a parallel line.

* The needle is inserted at approximately 45 degrees to
the transducer from a posterolateral to anteromedial
direction.

» Using the posterior curve of the humeral head as a
guide, direct the needle deep to the infraspinatus mus-
cle and posterior labrum.

» The injection is given as a bolus and should flow freely.

3.1.6 The Injection
See » Fig. 3.1 and» Fig. 3.2.

Fig. 3.1 Glenohumeral joint injection. The glenohumeral joint
is best injected from a posterolateral approach. The probe is
placed over the posterior aspect of the glenohumeral joint
immediately below the spine of the scapula. The needle is
inserted at approximately 45 degrees to the probe from a
posterolateral to anteromedial direction. Using the posterior
curve of the humeral head as a guide, direct the needle deep
to the infraspinatus muscle and posterior labrum.
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Fig. 3.2 Ultrasound image of the posterior aspect of the
humeral head (HH) and glenoid (G). The infraspinatus

muscle (IM) may be seen deep to the posterior deltoid

muscle (DM). The posterior labrum (curved arrow) may be
seen as an echogenic triangle extending from the glenoid. The
needle should be directed so that it lies against the posterior
aspect of the humeral head deep to the labrum and posterior
capsule (yellow arrow).

3.1.7 Notes

In the acute stages the injection may be given up to three
times at monthly intervals to facilitate a programme of
stretching which should be prescribed without delay. If a
more chronic shoulder presents with restriction of move-
ment being more of a problem than pain a much higher
volume may be given to cause a stretching (hydrodilata-
tion) of the capsule. This may be of particular benefit in
the diabetic frozen shoulder.

If a hydrodilatation effect is required, then the technique
described above is utilized, but in addition to injection of
corticosteroid and local anaesthetic up to 40 mL of normal
saline is also injected. If this technique is adopted, it is useful
to use a low-pressure tubing with one clinician directing the
needle under guidance and a second clinician controlling
the syringe. To facilitate the best possible outcome, a course
of vigorous stretching must be immediately implemented.

3.2 Subacromial[Subdeltoid
Bursal Injection

3.2.1 Cause

» Overuse/excessive use.
e Trauma.
* Idiopathic.

3.2.2 Presentation

* Pain felt in the region of the shoulder with referral into
the upper arm to elbow. Occasionally, pain may radiate
as far as the hand or into the scapular region.

» Pain may be felt in all directions if acute, but no capsu-
lar restriction should be noted.

A painful arc may be present midrange flexion and ab-
duction with positive Neer’s sign and Hawkins-Kennedy
test.
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3.2.3 Equipment
See »Table 3.2.

Table 3.2 Equipment needed for subacromial/subdeltoid bursal
injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
Acute 21 20-mg Upto5-mL  Llarge
10mL  gauge- Depo-Medrone 1% lidocaine linear
2inch footprint
Chronic 21 20-mg Upto 10-mL Large
10mL  gauge- Depo-Medrone 1% lidocaine linear
2inch (£20-mL footprint
saline)
3.2.4 Anatomical Considerations

The subacromial bursa extends from below the acromion
to lie over the anterolateral aspect of the humeral head.
It may be variable in size and loculated particularly if the
problem is chronic.

3.2.5 Procedure

 The patient sits facing the ultrasound machine with the
arm in extension and their hand resting on their ipsi-
lateral hip.

» The transducer is placed transversely over the under-
lying subacromial bursa and supraspinatus tendon im-
mediately below the anterior edge of the acromion.

* The needle is inserted at approximately 45 degrees to
the transducer from a posterolateral to anteromedial
direction.

» The injection is given as a bolus and should flow freely
with distension of the bursa noted.

3.2.6 The Injection
See »Fig. 3.3 and » Fig. 3.4.

3.2.7 Notes

Ultrasound allows dynamic imaging of the shoulder
which is particularly useful in cases of subacromial pa-
thology enabling real-time evaluation of impingement
syndromes.

Some distension of the bursa may be noted with imag-
ing and often these cases respond well to the lower total
volume. However, in most cases of subacromial impinge-
ment, there is no evidence on imaging of a distended
subacromial bursa. Rather the bursa will often appear
thickened; in these cases, the higher volume is often
more effective.

If an underlying rotator cuff tear is visualized, the decision
to inject the bursa should be considered as part of a surgical
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Subacromial/Subdeltoid Bursal Injection

Fig. 3.4 Ultrasound image of the anterolateral aspect of
the shoulder. This is essentially a transverse image of the

Fig. 3.3 Subacromial/subdeltoid bursal injection. The supraspinatus muscle (SM) which may be seen to cover the
transducer is placed transversely over the underlying humeral head (HH). Overlying the supraspinatus muscle and
subacromial bursa and supraspinatus tendon immediately deep to the deltoid muscle (DM) the subacromial bursa (curved
below the anterior edge of the acromion. The needle is arrow) may be seen as an echogenic line. The injection is given
inserted at approximately 45 degrees to the transducer from a as a bolus and should flow freely with distension of the bursa
posterolateral to anteromedial direction. noted. Straight arrow indicates the direction of the needle.

Fig. 3.5 (a-d) Ultrasound image of the anterolateral aspect of the shoulder. This transverse image demonstrates the supraspinatus
muscle (SM) overlying the humeral head (HH) and deep to the deltoid muscle (DM). The subacromial bursa (curved arrow) may

be seen as an echogenic line. A needle may be seen entering the bursa from the right side of the image (straight arrow). In these
sequential images the bursa may be seen to distend with fluid as the injection is delivered.

review in regard to possible repair. This technique can pro- »Fig. 3.5 demonstrates injection of the subacromi-

vide significant and lasting relief in patients with calcifica-  al bursa. The needle can be seen approaching from the

tion of the underlying supraspinatus tendon and should be  right side of the screen. The images are sequential and

considered first prior to more invasive techniques. demonstrate how the bursa can be distended with inject-
ed fluid (> Fig. 3.5a-d).
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3.3 Acromioclavicular Joint
Injection

3.3.1 Cause

» Overuse/excessive use—may present as an osteolysis.
e Trauma.
e Osteoarthritis.

3.3.2 Presentation

 Pain felt in the region of the acromioclavicular joint
with little referral of symptoms.

 Painis usually felt at extremes of movement particular-
ly end range horizontal adduction and also combined
end range extension and medial rotation.

* A high arc of pain may be present.

3.3.3 Equipment
See » Table 3.3.

3.3.4 Anatomical Considerations

The acromioclavicular joint line runs in the sagittal plane
with the distal end of the clavicle being higher in relation
to the acromium. The joint line runs at an oblique angle
form posterolateral to anteromedial and contains a me-
niscal fibrocartilage.

Table 3.3 Equipment needed for acromioclavicular joint
injection

Syringe Needle  Corticosteroid Local Transducer
anesthetic
2 mL 25 20-mg Upto1-mL  Small
gauge-  Depo-Medrone 1% lidocaine hockey
1inch stick

3.3.5 Procedure

 The patient sits facing the ultrasound machine with the
arm resting on the lap.

» The transducer is placed in the coronal plane over the
joint.

» The needle is inserted at approximately 45 degrees to

the transducer from a lateral direction toward the dis-

tal end of the clavicle into the joint.

The injection is given as a bolus and should flow freely.

If resistance is met, this may indicate that the needle

tip is within the fibrocartilage meniscus and should be

directed more vertically.
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3.3.6 The Injection
See » Fig. 3.6 and » Fig. 3.7.

3.3.7 Notes

The acromioclavicular joint is a common site for osteo-
arthritis particularly in patients who have placed ex-
cessive load through the joint such as weight lifters. In
these cases, it is worth trying a couple of injections which
will often provide long-term relief of symptoms. Should
injection not be successful, surgical opinion should be
considered.

In addition to osteoarthritis of the acromioclavicular
joint, excessive and prolonged loading may lead to an
osteolysis which is well demonstrated on ultrasound im-
aging. This responds well to injection if the appropriate
activity modification is also considered.

Fig. 3.6 Acromioclavicular injection. The probe is placed in
the coronal plane over the joint. The needle is inserted at
approximately 45 degrees to the transducer from a lateral
direction toward the distal end of the clavicle into the joint.
The injection is given as a bolus and should flow freely.

Fig. 3.7 Ultrasound image of the acromioclavicular joint. The
distal end of the clavicle (DC) may be seen to sit in a more
superior position relative to the acromion (AC). This facilitates
injection from the lateral aspect of the joint toward the lateral
face of the clavicle (straight arrow). The curved arrow indicates
the joint capsule.
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Sternoclavicular Joint Injection

3.4 Sternoclavicular Joint
Injection

3.4.1 Cause

» Overuse.
e Trauma.
 Inflammatory.

3.4.2 Presentation

 Pain s located over the sternoclavicular joint with little
referral of symptoms.

* Pain toward end range, all shoulder movements in par-
ticular, horizontal adduction.

* The joint can often appear quite prominent due to
subluxation.

3.4.3 Equipment
See »Table 3.4.

Table 3.4 Equipment needed for sternoclavicular joint injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
2mL 25 20-mg Upto1-mL  Small
gauge- Depo-Medrone 1% lidocaine hockey
1inch stick

3.4.4 Anatomical Considerations

The sternoclavicular joint line runs at an oblique angle
from superior and medial to inferior and lateral. The joint
contains a small meniscal fibrocartilage. The proximal
end of the clavicle sits higher than the sternum which
aids injection if given from a medial to lateral direction.

3.4.5 Procedure

» The patient lies in supine with the arm resting across
the abdomen.

» The transducer is placed in the transverse plane over
the joint so that it sits along the line of the clavicle.

» The needle is inserted at approximately 45 degrees to
the transducer from a medial direction laterally toward
the proximal end of the clavicle into the joint.

» The injection is given as a bolus and should flow freely.
If resistance is met, this may indicate that the needle
tip is within the fibrocartilage meniscus and should be
directed more vertically.
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3.4.6 The Injection
See » Fig. 3.8 and » Fig. 3.9.

3.4.7 Notes

The sternoclavicular joint may present as an acute strain
following a fall or more of a chronic problem related to
degenerative change and inflammation. The injection is 3
similar for both presentations although the outcome is
generally better for more acute cases.

Fig. 3.8 Sternoclavicular injection. The transducer is placed
in the transverse plane over the joint so that it sits along the
line of the clavicle. The needle is inserted at approximately
45 degrees to the transducer from a medial direction laterally
toward the proximal end of the clavicle into the joint.

Fig. 3.9 Ultrasound image of the sternoclavicular joint. The
proximal end of the clavicle (PC) sits more anteriorly relative
to the manubrium (M) (indicated by white crosses). The needle
should be directed to the proximal face of the clavicle (straight
arrow).
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3.5 Biceps Tendon Sheath
Injection

3.5.1 Cause

» Overuse/excessive use.
 Inflammatory.

3.5.2 Presentation

« Pain is located over the long head of biceps at the ante-
rior aspect of the shoulder. Often little referral of pain
is described.

 Pain is often felt with impingement of the long head of
biceps against the acromion with forward flexion and
against the coracoid with horizontal adduction.

» Pain may also be elicited with resisted flexion of the
elbow and supination of the forearm.

3.5.3 Equipment

See »Table 3.5.

3.5.4 Anatomical Considerations

Injection of the bicipital sheath is best considered using a
short-axis approach. This allows excellent needle visual-
ization. If approached from a lateral aspect, the clinician
need to be troubled about anatomical structures.

Table 3.5 Equipment needed for biceps tendon sheath injection

Syringe Needle  Corticosteroid Local Transducer
anesthetic
10mL 23 20-mg Upto5-mL  Small
gauge-  Depo-Medrone 1% lidocaine  hockey
1inch stick

3.5.5 Procedure

 The patient is seated with his or her arm resting on the
lap.

» The transducer is placed in the transverse plane over
the bicipital groove.

» The needle is inserted at approximately 45 degrees to the
transducer from a lateral direction medially so that the tip
pierces the transverse ligament and sits against the ten-
don. It may be useful to externally rotate the arm through
a few degrees moving the lateral border of the groove in
a posterior direction which facilitates a more direct ap-
proach for the needle.

» The injection is given as a bolus and should flow freely. If
resistance is met, this may indicate that the needle tip is
within the tendon and should be moved slightly.

« It is useful to move the probe through 90 degrees to
visualize the bicipital sheath longitudinally as the

injection is given to ensure free flow of fluid proximal-
ly and distally.

3.5.6 The Injection
See »Fig. 3.10 and » Fig. 3.11.

3.5.7 Notes

Pathology of the long head of biceps may present as a
tenosynovitis or as a tendinopathy or as a combination
of both conditions. The latter presentation is particularly
likely in more chronic cases in the middle-aged patient.
If the presentation is one of a tenosynovitis, then fluid
and synovitis may be seen around the tendon although
the tendon itself appears intact. Such cases will often re-
spond well to injection so long as the clinician is mindful
of any precipitating activities which need to be addressed.

Fig. 3.10 Bicep tendon sheath injection. The probe is placed
in the transverse plane over the bicipital groove. The needle
is inserted at approximately 45 degrees to the probe from a
lateral direction medially so that the tip pierces the transverse
ligament and sits against the tendon. It may be useful to
externally rotate the arm through a few degrees moving the
lateral border of the groove in a posterior direction which
facilitates a more direct approach for the needle.

Fig. 3.11 Ultrasound image of the biceps tendon—transverse
view. The bicep tendon (B) is seen as an echogenic oval
structure lying deep to the transverse ligament (curved arrow).
The needle is introduced into the sheath of the tendon from
the lateral side (straight arrow). GT, greater tuberosity; LT,
lesser tuberosity.
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In regard to the presentation of tendinopathy, the
tendon itself appears thickened and irregular with loss of
a normal fibrillar pattern. Care must be adopted if injec-
tion is administered in such cases as the tendon is po-
tentially already in a weakened state which injection may
exacerbate. In addition, if an appropriate programme of
rehabilitation is not considered in such a patient, an in-
jection is unlikely to result in lasting benefit.

3.6 Suprascapular Nerve Block
3.6.1 Cause

« Intractable shoulder pain.

3.6.2 Presentation

A suprascapular nerve block may be considered in the
patient who presents with pain in the shoulder not man-
aged by oral medication or physiotherapy. The nerve
block should be considered as a last resort typically in the
patient with significant degenerative change or substan-
tial rotator cuff rupture who is not suitable for or does not
desire surgery.

3.6.3 Equipment
See »Table 3.6.

3.6.4 Anatomical Considerations

The suprascapular nerve arises from the upper trunk
of the brachial plexus formed by the union of the fifth
and sixth cervical nerves. It innervates the supraspi-
natus and infraspinatus muscles. Running laterally be-
neath the trapezius muscle, it enters the supraspinous
fossa through the suprascapular notch below the supe-
rior transverse scapular ligament. It is to this point that

Table 3.6 Equipment needed for suprascapular nerve block

Syringe Needle  Corticosteroid Localan- Transducer
esthetic
10mL 21 20-mg Up to Linear
gauge-  Depo-Medrone 5-mL1%  transducer
2inch lidocaine
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the nerve block is directed. The nerve then enters the
supraspinous fossa and gives off two branches: one to
the supraspinatus muscle and another articular branch
to the shoulder joint. In the infraspinous fossa, it again
gives off two branches: one to the infraspinous muscle
and the other to the shoulder joint. It should be noted
that the suprascapular artery lies immediately above the
transverse ligament and is not easily visualized when
scanning. As with all injections aspiration should be
attempted prior to injection to ensure that the needle
point is not within the artery.

3.6.5 Procedure

* The patient is seated with the arm resting on the lap.

» The transducer is placed in the coronal oblique plane
over the supraspinous fossa.

* The needle is inserted at approximately 45 degrees im-
mediately medial to the medial border of the acromion.

» The needle is positioned so that its tip lies just above
the nerve in the suprascapular notch.

 The injection is given as a bolus and should flow freely.

3.6.6 The Injection
See » Fig. 3.12 and » Fig. 3.13.

Fig. 3.12 Suprascapular nerve block. The transducer is placed
in the coronal oblique plane over the supraspinous fossa. The
needle is inserted at approximately 45 degrees immediately
medial to the medial border of the acromion. The needle

is positioned so that its tip lies just above the nerve in the
suprascapular notch.

Al use subject to https://ww.ebsco. conterns-of-use

31




32

EBSCChost -

The Shoulder: Guided Injection Techniques

Fig. 3.13 Ultrasound image of the supraspinous fossa and
supraspinatus muscle (SM). The suprascapular notch may be
seen deep to the supraspinatus muscle. The suprascapular
nerve appears as an echogenic oval structure within the
suprascapular notch (curved arrow). The needle is directed
toward the suprascapular nerve as indicated by the straight
arrow. Straight arrow, direction of the needle.

3.6.7 Notes

A suprascapular nerve block is a safe and often efficacious
treatment for the management of intractable shoulder
pain in both osteoarthritis of the shoulder and/or severe
rotator cuff pathology in patients who either are not suit-
able for or do not desire surgery. It may be repeated at
regular intervals as required.
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4 The Elbow: Diagnostic Imaging

Abstract

Ultrasound examination of the elbow allows a low-cost,
non-invasive, and dynamic evaluation of the periarticu-
lar tendons and nerves as well as several joint ligaments.
The commonest indication for elbow ultrasound is for
pain around either the lateral or medial aspect of the
joint (“tennis” and “golfers” elbow). However, ultrasound
may also aid clinicians in the assessment of a wide variety
of other disorders, including trauma (partial and complete
tendon ruptures, ligament tears, and fractures), overuse
problems (lateral and medial epicondylosis, triceps ten-
don enthesopathy), inflammatory diseases (osteoarthritis,
rheumatoid arthritis, and bursitis), and neuropathies
(ulnar or radial nerve entrapment neuropathies and nerve
instability). Ultrasound is also capable of detecting very
small joint effusions not identified clinically, synovial hy-
pertrophy, and associated marginal joint erosions.

A high-frequency (7-15 MHz) linear probe with a rel-
atively large footprint should be used for diagnostic
imaging to allow sufficient anatomical resolution. The
examination should include dynamic assessment where
appropriate

Keywords: elbow joint, radiohumeral joint, ulnohumeral
joint, distal biceps tendon, radial tuberosity, bicipitora-
dial bursa, extensor tendons, lateral epicondyle, flexor
tendons, medial epicondyle, coronoid fossa, olecranon,
olecranon fossa, triceps tendon

4.1 Diagnostic Imaging of the
Elbow: Introduction

The elbow may be considered as consisting of four quad-
rants, anterior, medial, lateral, and posterior. Ultrasound
would normally be focused on only one or two of these
quadrants depending on the clinical diagnosis.

Imaging includes the following:
* Anterior

o Brachialis muscle.

o Brachial artery and vein.

o Median nerve.

o Anterior radiocapitellar joint.

o Radial fossa.

o Anterior humeroulnar joint.

o Coronoid fossa.

o Distal biceps tendon.
* Lateral

o Lateral epicondyle and common extensor tendon.

o Radial collateral ligament including dynamic varus

stress as indicated.
o Radiocapitellar joint.
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* Medial
o Medial epicondyle and common flexor tendon.
o Ulnar collateral ligament including dynamic valgus
stress as indicated.
o Humeroulnar joint.
o Ulnar nerve including dynamic scan for subluxation
as indicated.
* Posterior
o Triceps tendon.
o Olecranon process and olecranon bursa.
o Olecranon fossa and posterior joint.

4.1.1 Anterior

Transverse Scan

The patient is seated opposite the clinician with the
arm resting on a table. The elbow should be placed in
extension and full supination. A few degrees of flex-
ion may be of use if an effusion is suspected as full
extension will tend to force any fluid from the ante-
rior aspect of the elbow resulting in a false-negative
result. The probe is placed in the anatomical transverse
plane over the anterior aspect of the elbow (> Fig. 4.1,
»Fig. 4.2, » Fig. 4.3).

Longitudinal Scan

As the elbow consists of two distinct articulations, two
separate longitudinal views are required: one of the lat-
eral radiocapitellar joint the other of the medial humer-
oulnar joint.

Fig. 4.1 Transverse scan of the anterior aspect of the elbow.
The probe is placed in the anatomical transverse plane. The
probe should be moved from a position a few centimeters
above the joint distally until the shaft of the radius and ulna
can be seen to ensure that the entire joint is evaluated.
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Fig. 4.2 Transverse image of the anterior
aspect of the elbow joint. In this image
the probe is placed over the distal aspect
of the humerus to view the humeral
trochlea and capitellum. Cap, capitellum;
HT, humeral trochlea; Br, brachialis; Pr,
pronator teres; white arrowhead, median
nerve; yellow arrow, brachial artery;
dashed yellow arrow, distal biceps tendon.

Fig. 4.3 Anterior coronal view of the right
elbow joint. The capsule has been resected
to demonstrate the bony architecture
of the distal humerus and proximal
radius and ulna. Imaging should include
transverse views of the distal humerus
and medial and lateral longitudinal views
of the humeroulnar and radiocapitellar
joints, respectively. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Coronoid Publishers, New York. lllustration by Karl
fossa Wesker/Markus Voll.)
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Diagnostic Imaging of the Elbow: Introduction

Radiocapitellar Joint Humeroulnar Joint

The elbow should be in extension and full supination. The  The elbow is maintained in extension and full supination.

probe is placed in the sagittal plane over the lateral halfof =~ The probe remains in the sagittal plane and is moved me-

the anterior aspect of the antecubital fossa. dially over the medial half of the anterior aspect of the
antecubital fossa (> Fig. 4.4, » Fig. 4.5,> Fig. 4.6,> Fig. 4.7,
»Fig. 4.8).

Fig. 4.5 Longitudinal image of the radiocapitellar joint

Fig. 4.4 Longitudinal scan of the lateral elbow joint demonstrating the radial head, capitellum, and overlying

encompassing the radiocapitellar joint. The probe is placed in muscles. BR, brachialis; Cap, capitellum; EM, extensor muscles;

the sagittal plane. RH, radial head; SUP, supinator; yellow arrows, anterior joint
capsule.

Fig. 4.6 Longitudinal scan of the medial elbow encompassing

the humeroulnar joint. The probe is positioned in the sagittal Fig. 4.7 Longitudinal image of the humeroulnar joint

plane. demonstrating the coronoid (CR), humeral trochlear (HT),
and coronoid fossa. BR, brachialis; white arrowhead, coronoid
fossa; yellow dashed arrow, anterior fat pad.
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The Elbow: Diagnostic Imaging

Brachialis Humerus  Triceps brachii Fig. 4.8 Medial sagittal section of the
elbow taken through the humeroulnar
joint. Note the relative positions of the
coronoid and olecranon fossae and fat
pads. The superficial olecranon bursa
overlying the triceps insertion cannot
normally be seen on ultrasound if

Fat pad nonpathological. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Coronoid Publishers, New York. lllustration by Karl
fossa Wesker/Markus Voll.)
Olecranon
fossa
Olecranon
bursa
Humeral
trochlea
Olecranon
Trochlear
notch
Coronoid process Ulna
4.1.2 Distal BiCEpS Tendon position. The probe is aligned in an oblique orientation
and aimed laterally a few degrees toward the radius. In
Longitudinal Scan addition, the probe may be “toed-in” distally to allow bet-

ter visualization of the biceps tendon. Even so the tendon
is difficult to image particularly in patients with muscu-
lar forearms or who have pathology involving the tendon
and are reluctant to allow optimal positioning due to pain
inhibition (> Fig. 4.9, » Fig. 4.10, » Fig. 4.11).

The distal biceps tendon is best examined longitudinal-
ly. Transverse imaging is of little practical value due to
anisotropy.

The forearm should be placed in full extension and su-
pination to bring the radial tuberosity into an anterior

Fig. 4.9 Longitudinal scan of the distal biceps tendon. The

probe is aligned obliquely a few degrees and angled laterally. A Fig. 4.10 Longitudinal image of the distal biceps

“toe-in” position can allow for better visualization of the tendon. tendon (yellow arrows). The tendon may be seen to run from
proximal and superficial to distal and deep to insert onto the
radial tuberosity (RT). BR, brachialis; RH, radial head.
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Diagnostic Imaging of the Elbow: Introduction

Skin, subcutaneous tissue, Medial antebrachial

and superficial fascia cutaneous nerve

Cephalic vein Basilic vein

Biceps brachii

Brachialis Brachial artery

Radial tunnel Triceps brachii

Musculocutaneous nerve Median nerve

Brachioradialis Superior ulnar

collateral artery,

Superficial branch

Muscular
ulnar nerve
Radial branches
Medial
nerve Deep branch | T
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Radial humeral head
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longus
Pronator teres Flexor
carpi ulnaris

Fig. 4.11 Anterior coronal view of the right cubital fossa demonstrating the relationship and relative positions of the muscles, nerves,
and distal biceps tendon. The boundaries of the fossa are formed superiorly by an imaginary horizontal line connecting the medial and
lateral epicondyles of the humerus; medially by the lateral border of pronator teres muscle originating from the medial epicondyle of
the humerus; laterally by the medial border of brachioradialis muscle originating from the lateral supracondylar ridge of the humerus;
its apex is formed by the meeting point of the lateral and medial boundaries. The floor of the fossa is formed by the brachialis and
supinator muscles. The cubital fossa contains four main vertical structures. From lateral to medial these are the radial nerve located
between the brachioradialis and brachialis muscles; the biceps brachii tendon; the brachial artery (which may be seen to bifurcate near
the apex of the fossa into the radial artery (superficial) and ulnar artery (deeper); and the median nerve. (Reproduced from Schuenke,
Schulte, and Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York. Illustration by Karl Wesker/Markus
Voll.)
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Distal Biceps Tendon: Pathology

See » Fig. 4.12 and » Fig. 4.13a,b.

Fig. 4.12 Longitudinal image of the distal biceps

tendon (yellow arrows). The proximal tendon to the left of
the image appears of normal fibrillar pattern. Distally toward
the right and bottom of the image some tendon fibers can
be seen. However, there is a 24-mm gap within the tendon
indicating a complete rupture. RT, radial tuberosity.

Fig. 4.13 (a) Longitudinal image of the distal biceps tendon. The
tendon appears intact; however, there is evidence of a low echo
collection deep to the tendon (white arrowheads). (b) Transverse
image of the same tendon (yellow arrow) with evidence of a low
echo swelling around the tendon (white arrowhead). The patient
was a 32-year-old climber with insidious-onset elbow pain felt
deep in the joint and aggravated with end range pronation.
Findings are indicative of an effused bicipitoradial bursa in
keeping with a diagnosis of a “climber’s elbow.” RH, radial head;
RT, radial tuberosity; yellow arrow, distal biceps tendon; white
arrowhead, fluid and thickening around the distal biceps tendon.

4.1.3 Lateral

Longitudinal Scan

The patient is seated facing the clinician with the arm
resting on a table. The elbow is bent to 90-degree flexion
and the forearm supinated. The probe is placed so that
it rests with its proximal edge over the lateral epicon-
dyle in the coronal plane. In the absence of pathology,
the radial collateral ligament is difficult to distinguish
from the overlying common extensor tendon (> Fig. 4.14,
» Fig. 4.15, » Fig. 4.16, » Fig. 4.17).

Fig. 4.14 Longitudinal scan of the lateral aspect of the elbow.
The proximal edge of the probe is placed over the lateral
epicondyle in the coronal plane.

Fig. 4.15 Longitudinal image of the lateral aspect of the elbow
demonstrating a normal appearance of the common extensor
tendon (yellow arrows) and underlying radiocapitellar joint.
Under normal conditions the radial collateral ligament (white
arrowheads) is difficult to visualize separately from the
overlying common extensor tendon. CAP, capitellum; LE,
lateral epicondyle; RH, radial head; SUP, supinator.
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Humerus
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joint

Extensor carpi Olecranon  Proximal Head of Ulna
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joint

Fig. 4.17 Lateral sagittal view of the right elbow. The lateral
epicondyle of the humerus is a small, tuberculated eminence,
curved a little anteriorly. It gives attachment to the radial
collateral ligament of the elbow joint and to a common tendon
consisting of the anconeus, supinator, extensor carpi radialis
brevis, extensor digitorum, extensor digiti minimi, and extensor
carpi ulnaris. (Reproduced from Schuenke, Schulte, and
Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. Illustration by Karl Wesker/Markus Voll.)

Extensor carpi
radialis brevis

Radius

Styloid process
of radius

Third ——
metacarpal, Second
base metacarpal, base
Second
Third metacarpal
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Fig. 4.16 Lateral sagittal view of the right elbow
demonstrating the relationship and relative positions of the
muscles attaching onto the lateral supracondylar ridge of the
humerus and lateral epicondyle. The chief function of the
brachioradialis is flexion of the forearm at the elbow. However,
it is also capable of both pronation and supination depending
on the position of the forearm. It takes origin from the upper
portion of the lateral supracondylar ridge of the humerus
above the extensor carpi radialis longus muscle. The common
extensor tendon consisting of the anconeus, supinator,
extensor carpi radialis brevis, extensor digitorum, extensor
digiti minimi, and extensor carpi ulnaris takes origin from the
lateral epicondyle. (Reproduced from Schuenke, Schulte, and
Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. Illustration by Karl Wesker/Markus Voll.)
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Lateral Elbow: Pathology
See » Fig. 4.18a-c and » Fig. 4.19.

Right TE

Fig. 4.18 (a) Longitudinal image of the lateral elbow demonstrating a hypoechoic region (white arrowhead) within the deep aspect

of the common extensor tendon in keeping with a tear. The tear can be seen to for a “backward-C” shape between the two caliper
markers. (b) Transverse image of the same patient as in part (a). The hypoechoic region (white arrowhead) deep within the tendon
can be seen to extend almost the entire width of the tendon. (c) Magnetic resonance imaging (MRI) (T1 coronal) of the same elbow
as outlined in parts (a) and (b). Although the MRI demonstrates increased signal within the common extensor tendon the US images
are able to give more information in regard to an actual tear and its size. CAP, capitellum; LE, lateral epicondyle; RD, radial head; white
arrowhead, tear; yellow arrows, common extensor tendon.

Fig. 4.19 Longitudinal image of the lateral aspect of the
elbow demonstrating increased neovascularity throughout
the common extensor tendon in keeping with a marked
tendinopathy.
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4.1.4 Medial

Longitudinal Scan

The patient is seated facing the clinician with the arm
resting on a table. The elbow is bent to 90-degree flex-
ion and the forearm supinated. The arm is external-
ly rotated. The probe is placed so that it rests with its
proximal edge over the medial epicondyle in the coronal Fig. 4.21 Longitudinal image of the medial aspect of the elbow

plane (> Fig. 4.20, » Fig. 4.21, » Fig. 4.22, » Fig. 4.23). joint. The common flexor tendon (yellow arrows) can be seen
overlying the ulnar collateral ligament (white arrowheads). CFM,

common flexor muscle; ME, medial epicondyle; UL, ulnar.

Biceps brachii Triceps brachii

Brachialis

W' Medial epicondyle,
common head

. . of flexors
Biceps brachii .
tendon Bicipital
aponeurosis
Brachioradialis P

Extensor carpi Pronator teres
radialis longus

Extensor carpi Flexor

radialis brevis carpi radialis

Fig. 4.20 Longitudinal scan of the medial aspect of the elbow
joint. The proximal edge of the probe is placed over the medial
epicondyle in the coronal plane with the probe resting over the
common flexor tendon and humeroulnar joint.

Palmaris longus

Flexor
carpi ulnaris

Flexor digitorum
superficialis

Flexor
pollicis longus

Humerus Abductor

Y
pollicis longus ‘ :

Medial
supracondylar
ridge

Radial Head of

Radius  tuberosity radius

Capitulum /

| Palmaris

f longus
Medial
epicondyle

Olecranon

Flexor
Ulna Coronoid Humeral digitorum
process trochlea superficialis
Flexor pollicis tendons
Fig. 4.22 Medial sagittal view of the right elbow joint. The longus tendon
medial epicondyle is larger and more prominent than the lateral
epicondyle and is directed slightly more posteriorly in the \ Flexor
anatomical position. The medial epicondyle gives attachment to X digitorum
the ulnar collateral ligament, the pronator teres and to a common ¢ profundus
tendon of origin (the common flexor tendon) of the flexor carpi tendons

radialis, flexor carpi ulnaris, flexor digitorum superficialis, and
palmaris longus. (Reproduced from Schuenke, Schulte, and
Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl Wesker/Markus Voll.)

Fig. 4.23 Anterior coronal view of the right cubital region and
forearm. Note the relative positon and course of the muscles
of the forearm, and in particular, the flexor muscles of the
anterior compartment consisting of pronator teres, flexor carpi
radialis, palmaris longus, flexor carpi ulnaris, and more deeply
flexor digitorum superficialis. (Reproduced from Gilroy and
MacPherson, Atlas of Anatomy, 3rd edition, ©2016, Thieme
Publishers, New York. Illustration by Karl Wesker/Markus Voll.)
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The Elbow: Diagnostic Imaging

Medial Elbow: Pathology
See » Fig. 4.24a,b.

Fig. 4.24 (a) Longitudinal image of the medial aspect of the
elbow. The common flexor tendon (yellow arrows) can be seen
to be thickened and of poor echogenicity. The ulnar collateral
ligament (white arrowheads) appears retracted distally with an
anechoic region (white star) where it has torn proximally. In this
image the elbow is at rest—note the gap between the calipers
is within normal limits. (b) Longitudinal image of the same
elbow as in part (a). In this image a valgus stress has been
applied to the elbow. Note the increased gap between the
calipers indicating instability. ME, medial epicondyle; UL, ulnar;
white crosses, measurement calipers; white star, torn proximal
ulnar collateral ligament.

4.1.5 Posterior

Longitudinal Scan

The patient is seated facing the clinician with the shoulder
in 90-degree abduction and the elbow bent to 90-degree
flexion. The hand rests on a table in front of the patient.
The probe is placed so that it rests with its distal edge
over the posterior aspect of the olecranon in line with the
triceps tendon in the sagittal plane (> Fig. 4.25, » Fig. 4.26,
> Fig. 4.27).

Fig. 4.25 Longitudinal scan of the posterior aspect of the
elbow. The probe is placed so that its distal edge is placed over
the olecranon in line with the triceps tendon and posterior
aspect of the elbow joint and olecranon fossa.

Fig. 4.26 Longitudinal image of the posterior aspect of the
elbow joint. The triceps tendon (yellow arrows) and triceps
muscle (TM) can be seen to overlay the olecranon fossa and
olecranon fat pad (white arrowheads). OL, olecranon.
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Fig. 4.27 Posterior coronal view of the
right elbow. The olecranon (from the
Greek olene meaning elbow and kranon
Y meaning head) is a large, thick, curved
umerus bony eminence of the ulna which projects
behind the elbow laying opposite to the
Lateral border cubital fossa. Extension of the elbow is
limited by the olecranon engaging into
the olecranon fossa which contains the
olecranon fat pad. (Reproduced from
Medial Schuenke, Schulte, and Schumacher, Atlas
supracondvlar of Anatomy, 2nd edition, ©2014, Thieme
P rizj/ Publishers, New York. Illustration by Karl
ge Lateral supra- Wesker/Markus Voll.)
Olecranon c.ondylar
fossa ridge
Medial Lateral
epicondyle epicondyle
Ulnar Head of radius,
groove .
articular
circumference
Olecranon
Radius
Transverse Scan The probe is placed so that it rests in the transverse plane

o ) o ] over the posterior aspect of the olecranon fossa and tri-
The patient is seated facing the clinician with the elbow ceps tendon (> Fig. 4.28, > Fig. 4.29, » Fig. 4.30).

bent to 90-degree flexion and the arm resting on a table.

Fig. 4.29 Transverse image of the posterior aspect of
. . the elbow. The triceps tendon (yellow arrows) and triceps
Fig. 4.28 Transverse scan of the posterior aspect of the elbow. muscle (TM) can be seen to overlay the olecranon fossa and

The probe is placed in the transverse plane so that it rests over olecranon fat pad (white arrowheads). OL, olecranon.
the olecranon fossa and triceps tendon.
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Fig. 4.30 Posterior coronal view of the right posterior elbow
and forearm demonstrating the insertion of the triceps
brachii and anconeus muscles onto the posterior aspect of
the olecranon and the relationship of the muscles of the
posterior compartment of the forearm. The long head of the
triceps arises from the infraglenoid tubercle of the scapula and
extends distally anterior to the teres minor and posterior to the
teres major. The medial head arises distally from the groove of
the radial nerve, from the dorsal surface of the humerus, and
from the medial intermuscular septum. The distal part also
arises from the lateral intermuscular septum. The medial head
is mostly covered by the lateral and long heads, and is only
visible distally on the humerus. The lateral head arises from
the dorsal surface of the humerus, lateral and proximal to the
groove of the radial nerve, and from the greater tubercle down
to the region of the lateral intermuscular septum. The fibers
from all three heads converge to a single tendon to insert onto
the olecranon process and to the posterior wall of the capsule
of the elbow joint. (Reproduced from Gilroy and MacPherson,
Atlas of Anatomy, 3rd edition, ©2016, Thieme Publishers, New
York. lllustration by Karl Wesker/Markus Voll.)
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Posterior Elbow: Pathology
See »Fig. 4.31.

Fig. 4.31 Longitudinal image of the posterior aspect of

the elbow. There appears to be a large bony exostosis with
some calcification toward the distal insertion of the triceps
tendon (white arrowheads). Some loss of normal tendon
architecture is noted within the superficial aspect of the
tendon (yellow arrows). These findings are in keeping with an
insertional tendinopathy. OL, olecranon; white arrowheads,
bony exostosis; yellow arrows, loss of normal tendon
architecture.
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5 The Elbow: Guided Injection Techniques

Abstract

This chapter outlines commonly used injection tech-
niques around the elbow joint. The aim is to detail the
position and alignment of the probe and needle to allow
accurate placement into the target tissue. In addition, a
brief clinical presentation is given for each condition as
well as some of the anatomical considerations which
should be noted. The drugs, dosages, and volumes given
are those used in the author’s clinic.

Keywords: elbow joint, radiohumeral joint, ulnohumeral
joint, distal biceps tendon, radial tuberosity, bicipitora-
dial bursa, extensor tendons, lateral epicondyle, flexor
tendons, medial epicondyle, coronoid fossa, olecranon,
olecranon fossa, triceps tendon

5.1 Elbow Joint Injection
5.1.1 Cause

 Osteoarthritis.
» Occasionally acute or chronic overuse.

5.1.2 Presentation

 Pain is located within the elbow joint with referral into
the muscles of the forearm.

* Depending on the severity of the underlying pathology,
a varying degree of capsular restriction may present.
The capsular pattern of the elbow is more limited flex-
ion, less limited extension.

5.1.3 Equipment
See »Table 5.1.

Table 5.1 Equipment needed for elbow joint injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
10mL 25 20-40-mg Upto5-mL  Small
gauge  Depo-Medrone 1% lidocaine hockey
-1inch stick

printed on 2/11/2023 2:59 AMvia

5.1.4 Anatomical Considerations

The elbow joint consists of three separate articulations.
The radiohumeral, radioulnar, and humeroulnar joints.
The safest and easiest method is to use a posterolateral
approach placing the needle between the head of the ra-
dius and the capitellum. Using this approach the clinician
need to be troubled about no anatomical structures.

5.1.5 Procedure

» The patient is seated with the arm resting on a table in
front of him or her and with the elbow in slight flexion.

» The transducer is placed in the longitudinal plane over
the posterior aspect of the radiohumeral joint so that
both the radial head and capitellum may be clearly
visualized.

« Identify the gap between the radial head and capitel-
lum with your finger.

* The needle is then inserted at approximately 45 de-
grees to the transducer in a distal to proximal direction
so that the tip enters this gap between the superior
surface of the radial head and capitellum.

* The injection is given as a bolus and should flow freely.

5.1.6 The Injection
See »Fig. 5.1 and > Fig. 5.2.

5.1.7 Notes

Osteoarthritis of the elbow is relatively rare unless there
has been a significant preceding injury. This said in pa-
tients who do have symptomatic osteoarthritis, judicious
use of corticosteroid or hyaluronan injection can provide
significant relief of pain and improved function.

If a patient complains of locking or “catching”-like
symptoms, injection should be avoided until further im-
aging is arranged to assess for the possibility of loose bod-
ies. If present, a surgical opinion should be sought with a
view to removal in order to avoid further possible joint
damage.
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The Elbow: Guided Injection Techniques

Fig. 5.1 Elbow joint injection. The probe is placed in

the longitudinal plane over the posterior aspect of the
radiohumeral joint so that both the radial head and capitellum
may be clearly visualized. Identify the gap between the radial
head and capitellum with your finger. Flexing and extending
the joint may aid its location. The needle is then inserted at
approximately 45 degrees to the probe in a distal to proximal
direction so that the tip enters this gap between the superior
surface of the radial head and capitellum.

5.2 Common Extensor Tendon
Injection—Tennis Elbow

5.2.1 Cause

* Acute or chronic overuse.

5.2.2 Presentation

» Pain is located over the lateral aspect of the elbow
joint with occasional referral into the muscles of the
forearm.

* A good range of elbow movements is usually main-
tained with pain being elicited with resisted wrist ex-
tension and on direct palpation of the lateral elbow.

5.2.3 Equipment

See »Table 5.2.

Table 5.2 Equipment needed for common extensor tendon
injection—tennis elbow

Syringe Needle Corticosteroid Local Transducer
anesthetic
5 mL 23 gauge 20-mg Up to Small

-1inch Depo-Medrone 4-mL 1% hockey
lidocaine  stick

Fig. 5.2 Longitudinal image of the radiocapitellar joint. The
radial head (RH) may be seen to the right of the image with
the posterior aspect of the capitellum to the left (CAP). The
arrow demonstrates the line of the needle. Straight arrow,
direction of the needle.

5.2.4 Anatomical Considerations

Tennis elbow most commonly affects the common exten-
sor tendon at its origin on the anterior facet of the lat-
eral epicondyle of the humerus. The anterior facet faces
anterolaterally.

Although the anterior facet of the epicondyle is the
most common site, pain can also originate from the junc-
tion between the common extensor tendon and the ex-
tensor muscles more distally or at the origin of extensor
carpi radialis longus more proximally on the lower third
of the epicondylar ridge.

5.2.5 Procedure

» The patient is seated with the arm resting on a table in
front of him or her and with the elbow at approximate-
ly 90 degrees of flexion.

» The transducer is placed in the longitudinal plane over
the common extensor tendon at its origin on the lateral
epicondyle.

» The needle is inserted at approximately 45 degrees to
the transducer in a distal to proximal direction so that
the tip enters the common extensor tendon passing
through the tendon to be positioned resting against
the anterolateral facet of the epicondyle deep to the
tendon.

 Positioning the needle too vertically will risk the nee-
dle tip being placed within the substance of the radial
collateral ligament or within the elbow joint itself.

» The bulk of the injection is delivered deep to the com-
mon extensor tendon followed by fenestration of the
tendon itself.
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Common Flexor Tendon Injection—“Golfer’s Elbow”
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5.2.6 The Injection
See »Fig. 5.3 and » Fig. 5.4.

5.2.7 Notes

Ultrasound is the investigation of choice for many tendons
and provides the clinician with valuable information as to
the state of the common extensor tendon. In addition to
the degree of change seen on B-mode imaging, the use
of Power Doppler provides detailed information on the
presence of neovascularity within the tendon.

Fig. 5.3 Injection of the common extensor tendon of the
elbow. The probe is placed in the longitudinal plane over

the common extensor tendon at its origin on the lateral
epicondyle. The needle is inserted at approximately 45 degrees
to the probe in a distal to proximal direction so that the tip
enters the common extensor tendon passing through the
tendon to be positioned resting against the anterolateral facet
of the epicondyle deep to the tendon. The injection should be
given using a fenestration technique.

5.3 Common Flexor Tendon
Injection—*“Golfer’s Elbow”

5.3.1 Cause

* Acute or chronic overuse.

5.3.2 Presentation

 Pain is located at the medial aspect of the elbow.
» Pain may be reproduced with resisted wrist flexion and
gripping movements.

5.3.3 Equipment
See »Table 5.3.

It should be noted if no changes are seen within the
common extensor tendon on ultrasound, the diagnosis of
tennis elbow should be questioned. A thorough examina-
tion of the cervical spine should be included to eliminate
the possibility of referral from the neck. More distally,
a diagnosis of entrapment of the posterior interosseous
nerve within the arcade of Frohse should be excluded.
As with most injection techniques the patient must be
advised on an appropriate programme of rehabilitation
including eccentric loading and activity modification if
possible.

-0
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Fig. 5.4 Longitudinal image of the lateral elbow and
radiocapitellar joint. The radial head (RH) may be seen to the
right of the image with the capitellum to the left (CAP). The
arrow demonstrates the line of the needle which should be
directed toward the lateral epicondyle.

Table 5.3 Equipment needed for common flexor tendon
injection—“golfer’s elbow”

Syringe Needle Corticosteroid Local Transducer
anesthetic
5mL 23 gauge 20-mg Up to Small
-1inch Depo-Medrone 2-mL 1% hockey
lidocaine  stick

5.3.4 Anatomical Considerations

Golfer’s elbow is a very common cause of medial elbow
pain. The condition may present as a relatively acute
problem or be related to more long-term tendinopathic
change within the common flexor tendon.

The common flexor tendon at the elbow has its origin
on the anterior facet of the medial epicondyle. Injection
should not be given too deeply or the medial collateral
ligament may be injected rather than the tendon.

5.3.5 Procedure

» The patient is seated with the arm resting on a table in
front and with the elbow at approximately 90 degrees
of flexion and the shoulder in a few degrees of lateral
rotation.
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The clinician is positioned alongside the patient so that 5.3.6 The Injection
he or she is able to support the patient’s arm against

the body. See »Fig. 5.5 and > Fig. 5.6.
The transducer is placed in the longitudinal plane over

the medial epicondyle so that the common flexor ori-

gin may be clearly visualized. 5.3.7 Notes

Identify the common flexor tendon. The clinician should be aware of the ulnar nerve posi-
The needle is inserted at approximately 45 degrees  tjoned posteriorly to the medial epicondyle in the cubital
to the transducer in a distal to proximal direction so  tynnel. Injection with a higher volume may lead to some

that the tip enters the common flexor tendon passing  temporary numbness in the distribution of this nerve dis-
through the tendon to be positioned resting against the a1}y to the elbow.

medial epiconclylg. o ' As with most injection techniques the patient must
The bulk of the injection is delivered dee'p to the com-  pe advised on an appropriate program of rehabilitation
mon flexor tendon followed by fenestration of the ten- i cJuding eccentric loading and activity modification if
don itself. possible.

Fig. 5.6 Longitudinal image of the medial elbow and common
flexor tendon. The medial epicondyle (ME) may be seen to the
right of the image. The red line indicates the superficial surface
of the anterior bundle of the ulnar collateral ligament. The
yellow arrow demonstrates the line of the needle which should
be directed toward the medial epicondyle. CAP, capitellum.

Fig. 5.5 Injection of the common flexor tendon of the elbow.

The probe is placed in the longitudinal plane over the medial 5.4.3 Eq uipment
epicondyle so that the common flexor origin may be clearly
visualized. Identify the common flexor tendon. The needle is See »Table 5.4.

inserted at approximately 45 degrees to the probe in a distal
to proximal direction so that the tip enters the common flexor

tendon passing through the tendon to be positioned resting 5.4.4 Anatomical Considerations
against the medial epicondyle. The injection should be given
using a fenestration technique. Insertional tendinopathy of the biceps is not a common

presentation but can become problematic in patients
who repetitively flex the elbow against resistance with

54 RadiObiCiPital Bu rsaIBicePS the forearm in a pronated position. This would be the

Inse rtion al Tendin OP athy case in the climber or weightlifter when associated with
. . pain at the end point of the clean prior to jerk.
Injection

5.4.1 Cause

» Overuse, particularly with repetitive flexion activities

Table 5.4 Equipment needed for radiobicipital bursa/biceps
insertional tendinopathy injection

of the elbow with the forearm in a pronated position. Syringe Needle  Corticosteroid Local Transducer
anesthetic
. 5mL 23 gauge 20-mg Up to Small
5.4.2 Presentation -Tinch Depo-Medrone  2-mL 1% hockey

lidocaine stick
 Pain is located deep within the anterior aspect of the

elbow.

* Pain may be reproduced with resisted elbow flexion.
This is usually worse with the forearm positioned in
pronation. Full pronation and elbow extension may be
particularly painful if the bursa is affected.
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Olecranon Bursa Injection

The patient may present with either a biceps insertion-
al tendinopathy or a radiobicipital bursa or a combination
of both pathologies.

Imaging and injection using an anterior approach are
difficult as the biceps lies deep to the vascular structures.
A much easier and safer method is to place the forearm in
full pronation and approach from the posterior aspect of
the forearm.

5.4.5 Procedure

» The patient is seated with the arm resting on a table in
front and with the elbow at approximately 90 degrees
of flexion and the forearm in full pronation.

« In this position the radial tuberosity is rotated to face
posteriorly.

e The transducer is placed in the longitudinal plane
over the biceps tendon at its insertion onto the radial
tuberosity.

Fig. 5.7 Injection of the radiobicipital bursa/distal biceps
tendon. The probe is placed in the longitudinal plane over
the biceps tendon at its insertion onto the radial tuberosity.
The needle is inserted at approximately 45 degrees to the
probe from an anteromedial to posterolateral direction. If a
radiobicipital bursa is identified, injection may be given as

a bolus into the bursa. If the pathology appears to be more
related to a biceps tendinopathy, the injection may be given
around the tendon followed by fenestration of the tendon
insertion itself.

5.5 Olecranon Bursa Injection
5.5.1 Cause

e Direct trauma such as a fall or blow to the olecranon.
* Qveruse.

 Septic bursitis.

* Gout.

» The needle is inserted at approximately 45 degrees to
the transducer from an anteromedial to posterolateral
direction.

« If a radiobicipital bursa is identified, injection may be
given as a bolus into the bursa. If the pathology appears
to be more related to a biceps tendinopathy, the injec-
tion may be given around the tendon followed by fen-
estration of the tendon insertion itself.

5.4.6 The Injection
See »Fig. 5.7 and » Fig. 5.8.

5.4.7 Notes

The patient should be advised to avoid any loading of the
elbow in flexion particularly with a pronated forearm for
at least 2 weeks following the injection. In addition, care-
ful consideration needs to be given to technique to avoid
recurrence.

Radial tuberosity

Fig. 5.8 Longitudinal image of the distal biceps tendon (curved
arrow) at its insertion onto the radial tuberosity. The yellow
arrow demonstrates the line of the needle which should be
directed toward the superficial surface of the distal biceps
tendon.

5.5.2 Presentation

Swelling over the posterior aspect of the olecranon. In the
case of a reactive bursitis due to excessive friction, this
may not be painful.

If the swelling is painful and inflamed, the clinician
should be mindful of a possible septic bursitis or a bursi-
tis secondary to gout. A direct fall onto the olecranon may
result in a hemorrhagic bursitis.

If there is any possibility of infection, aspiration should
be carried out with the aspirate being sent for analysis
prior to injection being considered. Analysis of aspirate
may also help identify urate crystals associated with gout.
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5.5.3 Equipment

See »Table 5.5.

Table 5.5 Equipment needed for olecranon bursa injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
5 mL 23 gauge 20-mg Up to Small
-1inch Depo-Medrone  2-mL 1% hockey
lidocaine  stick

5.5.4 Anatomical Considerations

The olecranon bursa lies over the posterior aspect of the
olecranon and triceps insertion. In its normal state it is not
visible with ultrasound. As the bursa lies superficially, there
are no other anatomical structures that need be avoided.

5.5.5 Procedure

» The patient is seated with the arm resting on a table in
front and with the elbow at approximately 90 degrees
of flexion.

Fig. 5.9 Injection of an olecranon bursa. The probe is placed
in the longitudinal plane over the olecranon. The needle is
inserted at approximately 45 degrees to the probe from an
inferior to superior direction. Aspiration should always be
carried out first. If there is any possibility from the clinical
history and examination or from the appearance of the
aspirate of infection, no injection should be given.

» The transducer is placed in the longitudinal plane over
the olecranon bursa.

* The needle is inserted at approximately 45 degrees to
the transducer from an inferior to superior direction.

* Aspiration should always be carried out first. If there is
any possibility from the clinical history and examina-
tion or from the appearance of the aspirate of infection,
no injection should be given.

« Ifthere are no concerns in regard to infection, the injec-
tion is given as a bolus.

5.5.6 The Injection
See » Fig. 5.9 and > Fig. 5.10.

5.5.7 Notes

With a mechanical and reactive bursitis the patient is
advised on relative rest for a couple of weeks and activ-
ity modification if required. Further management will
be dependent on the cause and results of any analysis
of the aspirate.

Fig. 5.10 Longitudinal image of the posterior elbow. The
olecranon bursa lies superficial to the triceps tendon (TT) and
olecranon (OL). In its normal state the olecranon bursa cannot
be seen. The curved arrow indicates where the bursa lies.
Straight arrow, line of injection.
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Abstract

An ultrasound examination of the wrist and hand is one of
the most common ultrasound examinations conducted in
patients with rheumatological disease and is able to detect
early signs of pathology. Such signs will depend on the ad-
vancement of the disease. In osteoarthritis, ultrasound has
been shown to be more sensitive than clinical examination
in detection of joint inflammation in patients with erosive
OA. In patients with rheumatoid arthritis, ultrasound is
able to detect significant synovitis not determined by clin-
ical examination—‘subclinical’ synovitis. An ultrasound
examination of the wrist and hand should be conducted
using a linear transducer of a high frequency (12-18 MHz).
While a larger footprint probe allows better overall ana-
tomical resolution, a smaller ‘hockey stick’ probe should be
utilized for smaller structures.

Keywords: proximal radiocarpal joint, midcarpal joints,
carpometacarpal joints, metacarpophalangeal joints,
proximal and distal interphalangeal joints, ligament, dor-
sal extensor compartments and tendons, carpal tunnel,
flexor tendons and pulley system

6.1 Diagnostic Imaging of the
Wrist and Hand: Introduction

Examination of the wrist and hand will be dependent on
the specific structure and pathology suspected from a
thorough clinical examination. Based on this examination
it would be normal to scan one or two specific structures.
In addition to static scanning dynamic imaging should
be included particularly when imaging tendons and liga-
ments to fully assess the patency of these structures.

Fig. 6.1 Transverse scan of the volar aspect of the wrist and
carpal tunnel. The probe is placed at the level of the distal
palmer crease. The radial aspect of the probe should be placed
so that it overlays the scaphoid tubercle and the ulnar aspect
of the probe should overlay the pisiform.

Imaging includes the following:

Wrist joint—volar

o Flexor retinaculum.

o Median nerve.

o Flexor pollicis longus tendon.

o Flexor digitorum profundus and superficialis
tendons.

o Flexor carpi radialis longus tendon and radial artery.

o Guyon’s canal and the ulnar nerve and artery.

o Flexor carpi ulnaris tendon.

Wrist joint—dorsal

o The six dorsal compartments and extensor
retinaculum.

o Proximal radiocarpal and midcarpal joints.

o Scapholunate joint and ligament.

Fingers and thumb

o Metacarpophalangeal, proximal interphalangeal,
and distal interphalangeal joints.

o Pulley system (A1-A5).

o First carpometacarpal joint of the thumb.

o Ulnar collateral ligament of the thumb.

6.1.1 Wrist Joint—Volar

Carpal Tunnel: Transverse Scan

The patient is seated facing the clinician with the forearm
supinated and hand facing upward resting on a table. The
probe is placed so that it rests transversely at the level of
the distal palmer crease in the axial plane over the flex-
or tendons and wrist joint (> Fig. 6.1, » Fig. 6.2, » Fig. 6.3,
»Fig. 6.4).

Fig. 6.2 Transverse image of the carpal tunnel and its
contents. From the radial aspect can be seen the scaphoid
tubercle (ST) with the overlying tendon of flexor carpi
radialis (FCR). Immediately medial to this can be seen the
tendon of flexor pollicis longus (FPL). Next to this the median
nerve (white arrowhead) can be seen immediately deep to
the flexor retinaculum (yellow arrows). To the ulnar side the
pisiform (Pl) can be seen with Guyon’ canal (yellow ellipse).
The tendons of flexor digitorum superficialis (FDS) and flexor
digitorum profundus (FDP) can be seen deep below the
median nerve and Guyon’s canal.
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Flexor digitorum profundus

Cruciform
ligaments

Flexor pollicis longus

First dorsal interosseus

Lumbricals
Adductor pollicis,
transverse head
Flexor digitorum
superficialis
Adductor pollicis,

oblique head
Abductor digiti minimi

Flexor pollicis brevis,

Flexor digiti minimi brevis superficial head

Opponens digiti minimi Abductor pollicis brevis

Opponens pollicis

Common flexor tendon sheath

Flexor retinaculum
(transverse carpal ligament)

Flexor carpi ulnaris
Pronator quadratus

Flexor digitorum superficialis

Flexor pollicis longus

Flexor carpi radialis

Fig. 6.3 Coronal view of the carpal tunnel and hand demonstrating the carpal and digital tendon sheaths on the palmar surface of the
right hand. (Reproduced from Schuenke, Schulte, and Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New
York. lllustration by Karl Wesker/Markus Voll.)

printed on 2/11/2023 2:59 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use




Diagnostic Imaging of the Wrist and Hand: Introduction

Flexor retinaculum Median nerve Scaphoid
(transverse carpal
ligament)

Trapezium

Tendons and Thenar eminence

their sheaths in
carpal tunnel

Tendon of
Ulnar artery abductor
and nerve pollicis longus
Pisiform Tendon of extensor
pollicis brevis
Close-up in B \ \ Tendon of extensor
vl pollicis longus
Hypothenar . L
eminence / Radial nerve,
Triquetrum superficial branch

Tendon of extensor

Tendon of extensor R
carpi radialis longus

carpi ulnaris

Tendon of extensor

Tendon of extensor A -
carpi radialis brevis

digiti minimi - Hamate Tendons of
extensor digitorum
and extensor indicis

Capitate

Fig. 6.4 Cross-section of the right wrist at the level of the carpal tunnel. The carpus, the bony elements of the wrist, forms an arch
which is convex on the dorsal side of the hand and concave on the palmar side. The groove on the palmar side, the sulcus carpi, is
covered by the flexor retinaculum, a sheath of tough connective tissue forming the carpal tunnel. The flexor retinaculum is attached
radially to the scaphoid tubercle and the ridge of trapezium, and on the ulnar side to the pisiform and hook of hamate. The tendons
of the flexor digitorum superficialis and profundus pass through a common ulnar sheath, while the tendon of the flexor pollicis longus
passes through a separate radial sheath. Superficial to the carpal tunnel and the flexor retinaculum, the ulnar artery and ulnar nerve
pass through Guyon’s canal. (Reproduced from Schuenke, Schulte, and Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. Illustration by Karl Wesker/Markus Voll.)

Guyon’s Canal: Transverse Scan flexor tendons and wrist joint. The probe may be aligned
more medially to ensure suitable visualization of Guyon’s

The patient is seated facing the clinician with the forearm 3541 at the ulnar aspect of the carpal tunnel (> Fig. 6.5,

supinated and hand facing upward resting on a table. The » Fig. 6.6, » Fig. 6.7).

probe is placed so that it rests transversely at the level

of the distal palmer crease in the axial plane over the

Fig. 6.6 Transverse image of the medial side of the carpal
tunnel and Guyon’s canal. The pisiform (PI) should be used as
a landmark with Guyon’s canal immediately lateral to this. At
this level the ulnar nerve (white arrowhead) appears as an oval
structure transversely. Immediately lateral to this the ulnar

. artery may be seen (white star). If the probe is moved distally
Fig. 6.5 Transverse scan of the volar aspect of the wrist and toward the hook of hamate, the ulnar nerve may be seen to

carpal tunnel. The probe is placed at the level of the distal split into a superficial sensory and deeper motor branch. The
palmer crease. The ulnar aspect of the probe should be placed insertion of the tendon of flexor carpi ulnaris can be seen

so that it overlays the pisiform. Guyon’s canal is situated superficial to the pisiform onto which it joins (curved arrow).
immediately lateral to the pisiform. Yellow arrows, flexor retinaculum.
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Superficial palmar
digitorum superficialis i

Ulnar tunnel artery and vein

Palmar carpal
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Fig. 6.7 Cross-section of the right wrist
at the level of the carpal tunnel. In this
enlarged view the relationship and
relative positions of the flexor tendons
and neurovascular structures may be
seen. (Reproduced from Schuenke,

ﬁee;](g?rc]a?fi Schulte, and Schumacher, Atlas of
radialis P Anatomy, 2nd edition, ©2014, Thieme

Publishers, New York. lllustration by Karl

Median nerve  Wesker/Markus Voll.)
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flexor pollicis
longus

Scaphoid
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4id

Wrist—Pathology: Carpal Tunnel
Syndrome

The median nerve should be assessed at the level of the
carpal tunnel at the distal wrist crease, again imme-
diately proximal to the carpal tunnel at the level of the
pronator quadratus muscle and again at the level of the

midforearm. In the normal patient, the cross-section-
al area of the nerve should be approximately 9 mm?
throughout its entire length. In patients with carpal tun-
nel syndrome this cross-sectional area can significantly
increase at the level of the carpal tunnel with an associat-
ed flattening of the nerve (> Fig. 6.8a-c).

Fig. 6.8 (a) Transverse image of the median nerve at the carpal tunnel (yellow arrow). The nerve appears enlarged and flattened. The
cross-sectional area measures 25 mm?. (b) Transverse image of the median nerve (yellow arrow) at the level of the pronator quadratus
muscle (white arrowheads). The nerve appears rounded rather than flattened. The cross-sectional area is reduced to 10 mm?.

(c) Transverse image of the median nerve at the level of the midforearm (yellow arrow). The nerve appears rounded rather than
flattened. The cross-sectional area is reduced to 7 mm?.
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Wrist—Pathology: Carpal Tunnel
Syndrome

See » Fig. 6.9, » Fig. 6.10, and » Fig. 6.11.

Fig. 6.10 Longitudinal image of the median nerve (yellow
arrows) at the level of the carpal tunnel. There appears to

be a mild swelling of the nerve as it enters the tunnel (white
arrowhead). Doppler imaging demonstrates a mild intraneural
vascularity suggestive of carpal tunnel syndrome.

6.1.2 Wrist Joint—Dorsal

Dorsal Wrist—Overview of the Six Dorsal
Compartments
The patient is seated facing the clinician with the fore-

arm resting on a table. The probe is placed so that it
rests transversely over the dorsal compartment to be

N i v
ECRBECRL EPL  EDLEI EDM
| . ‘. Radius
EPB APL .E_____ Pl v

Fig. 6.12 Schematic representation of the dorsal
compartments of the wrist. There are six separate
compartments formed by the extensor retinaculum.
Assessment of all six compartments would be unlikely with
the clinician being directed by a thorough clinical examination
of the patient. I, extensor pollicis brevis (EPB) and abductor
pollicis longus (APL); II, extensor carpi radialis brevis (ECRB)
and extensor carpi radialis longus (ECRL); I, extensor pollicis
longus (EPL); 1V, extensor digitorum longus (EDL) and extensor
indicis (El); V, extensor digiti minimi (EDM); VI, extensor carpi
ulnaris (ECU); white star, Lister’s tubercle.
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Fig. 6.9 Transverse image of the median nerve at the
wrist (yellow arrow) demonstrating marked thickening of the
nerve and associated flattening.

Fig. 6.11 Transverse image of the median nerve at the level
of the carpal tunnel (yellow arrow). The nerve appears both
thickened and flattened. In this image a needle (curved arrow)
may be seen entering the carpal tunnel from the right side of
the screen to be placed immediately deep to the nerve.

assessed. The clinician should identify each tendon
within its specific compartment from dorsal compart-
ment one through six transversely and then longitudi-
nally. The patient should be asked to actively move the
wrist and fingers appropriate to each compartment to
allow the clinician to further dynamically assess the ten-
dons (> Fig. 6.12, » Fig. 6.13, » Fig. 6.14).

Fig. 6.13 Transverse image of the dorsal wrist compartments.
From left to right: Compartment | extensor pollicis brevis and
abductor pollicis longus; compartment Il extensor carpi radialis
brevis and extensor carpi radialis longus; compartment 1l
extensor pollicis longus; compartment IV extensor digitorum
longus and extensor indicis; compartment V extensor

digiti minimi; compartment VI extensor carpi ulnaris. Note:
compartment | and VI cannot be clearly seen in this image as
they are positioned around the radial and ulnar aspect of the
wrist, respectively, and need to be imaged separately. White
star, Lister's tubercle.
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Extensor
indicis

D | Extensor
orsa pollicis longus

tubercle
Extensor *s
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radialis longus

Extensor
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Abductor
pollicis longus
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Extensor carpi
radialis brevis
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Fig. 6.14 Transverse section of the

Dorsal 1 distal radius and ulna demonstrating the
dorsal compartment and their respective
Extensor tendons. Compartment |, extensor pollicis
retinaculum

brevis and abductor pollicis longus;
compartment I, extensor carpi radialis
brevis and extensor carpi radialis longus;
compartment lll, extensor pollicis longus;
compartment IV, extensor digitorum
longus and extensor indicis; compartment
V, extensor digiti minimi; compartment VI,
extensor carpi ulnaris. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. Illustration by Karl
Wesker/Markus Voll.)

carpi
ulnaris

Ulna

Palmar |

Dorsal Compartment I—Abductor Pollicis
Longus and Extensor Pollicis Brevis

The patient’s forearm is positioned so that it is halfway
between supination and pronation with the thumb facing
upward. The probe is placed transversely over the first
dorsal compartment at the level of the radial styloid. A

Fig. 6.15 Transverse scan of the first dorsal compartment of
the wrist. The probe should be placed over the radial styloid to
visualize the tendons of abductor pollicis longus and extensor
pollicis brevis.

\

o

Fig. 6.17 Longitudinal scan of the first dorsal compartment of
the wrist. The probe should be placed over the radial styloid to
visualize the tendons of abductor pollicis longus and extensor

pollicis brevis.
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smaller hockey stick probe may be useful when exam-

ining the individual dorsal compartments. As for all the

dorsal compartments the tendons should first be identi-

fied and examined using a transverse view and then fur-

ther evaluated in longitudinal view (> Fig. 6.15, » Fig. 6.16,
Fig. 6.17, » Fig. 6.18, » Fig. 6.19).

Radius

Fig. 6.16 Transverse image of the first dorsal compartment of
the wrist demonstrating the more volar tendon of abductor
pollicis longus (APL) and the dorsal tendon of extensor pollicis
brevis (EPB).

APL & EPB

Fig. 6.18 Longitudinal image of the first dorsal compartment
of the wrist. The tendons of abductor pollicis longus (APL) and
extensor pollicis brevis (EPB) cannot be easily distinguished in
longitudinal view. The extensor retinaculum (yellow arrows) can
be seen overlaying the tendons.
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Extensor digitorum Extensor carpi
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Fig. 6.19 Sagittal view of the radial aspect of the wrist demonstrating the first, second, and third dorsal compartments. The first
dorsal compartment contains the tendons of abductor pollicis longus and extensor pollicis brevis. The abductor pollicis longus
tendon is positioned anteriorly to the tendon of extensor pollicis brevis and appears larger on ultrasound imaging. The second dorsal
compartment contains the tendons of extensor carpi radialis brevis and longus. The third compartment contains the tendon of
extensor pollicis longus. Immediately distal to the extensor retinaculum, the tendon of extensor pollicis longus may be seen to cross
the tendons of the second compartment (extensor carpi radialis brevis and longus) at a point known as the distal intersection of the
wrist. (Reproduced from Schuenke, Schulte, and Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York.
lllustration by Karl Wesker/Markus Voll.)

Dorsal Compartment ll—Extensor Carpi dorsal compartments at the level of Lister’s tubercle. As

Radialis Longus and Extensor Carpi for .all th.e‘dorsal compa;tmenps the tendons shopld first
. ys . be identified and examined using a transverse view and
Radialis Brevis

then further evaluated in a longitudinal view.
Dorsal Compartment lll—Extensor
Pollicis Longus The Distal Intersection

The patient’s forearm is positioned in pronation. The  See »Fig. 6.20, » Fig. 6.21, » Fig. 6.22a-c.
probe is placed transversely over the second and third

£19
B

Fig. 6.21 Transverse image of the second and third dorsal
compartments. The tendon of extensor pollicis longus (EPL)

Fig. 6.20 Transverse scan of the second and third dorsal can be seen to the left of Lister’s tubercle (white star). The
compartments. The probe is placed transversely over the wrist tendons of extensor carpi radialis longus and brevis (ECRL/B)
at the level of Lister’s tubercle. can be seen to the right. Yellow arrows, extensor retinaculum.
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Fig. 6.22 (a-c) Distal intersection. Keep the probe in a transverse line and move distally to below Lister’s tubercle (white star). The
tendon of extensor pollicis longus (EPL and yellow arrowhead) can be seen to turn radially and run superficially over the tendons of

extensor carpi radialis longus and brevis (ECRL/B).

Dorsal Compartment IV—Extensor
Digitorum Longus and Extensor Indicis

Dorsal Compartment V—Extensor Digiti
Minimi

The patient’s forearm is positioned in pronation. The
probe is placed transversely over the fourth and fifth

Fig. 6.23 Transverse scan of the IV and V dorsal compartments.
The probe is placed transversely over the wrist at the level of and
ulnar to Lister’ tubercle.

dorsal compartments at the level of and to the ulnar side
of Lister’s tubercle. As for all the dorsal compartments the
tendons should first be identified and examined using a
transverse view and then further evaluated in longitudi-
nal view (> Fig. 6.23, » Fig. 6.24).

EDL/EI

e
- Radius

Fig. 6.24 Transverse image of the fourth and fifth dorsal
compartments of the wrist. The fourth compartment contains
the tendons of extensor digitorum longus and extensor

indicis (EDL/EI) and overlies the medial aspect of the distal
radius. The fifth compartment contains the tendon of extensor
digiti minimi (EDM) which can be seen to overlie the distal
radioulnar joint (curved arrow).
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Dorsal Compartment VI—Extensor Carpi compartments the tendons should first be identified
and examined using a transverse view and then

further evaluated in longitudinal view. Dynamic scan-
The patient’s forearm is positioned in pronation. The  ning is of particular use to evaluate for tendon sublux-
probe is placed transversely over the sixth dorsal-  ation (> Fig. 6.25, > Fig. 6.26).
compartment situated along the ulnar border of the
wrist at the level of the ulnar styloid. As for all the dorsal

Ulnaris

Fig. 6.25 Transverse scan of the sixth dorsal compartment. Fig. 6.26 Transverse image of the sixth dorsal compartment
The probe is positioned transversely over the compartment at and the tendon of extensor carpi ulnaris (ECU) at the level of
the level of the ulnar styloid. the ulnar styloid.

Dorsal Compartments of the Wrist:
Pathology

Imaging , » Fig. 6.27a-d demonstrates a chronic de Quer-
vain’s tenosynovitis. See also > Fig. 6.28a,b.

APL[EPB

—

Fig. 6.27 (a) Transverse image of the first dorsal compartment. The tendons of abductor pollicis longus (APL) and extensor

pollicis brevis (EPB) appear intact. However, fluid is noted around the tendons (white stars) and the extensor retinaculum appears
thickened (double-headed yellow arrows). (b) Longitudinal image demonstrating the marked thickening of the extensor retinaculum
more clearly (double-headed yellow arrows). (c) In addition to fluid within the first dorsal compartment and thickening of the
retinaculum, Power Doppler demonstrates a significant tenosynovitis around the tendons within the tendon sheath. (d) Longitudinal
image with Power Doppler demonstrating tenosynovitis within the tendon sheath at the level of the extensor retinaculum (double-
headed yellow arrows).
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Fig. 6.28 (a,b) Longitudinal images of the fourth dorsal compartment at the level of the radiocarpal joint (RC]). The extensor
tendons (ET) themselves appear intact. However, there appears to be marked thickening of the extensor retinaculum (double-headed
yellow arrows). In addition, Power Doppler imaging demonstrates evidence of an associated tenosynovitis.

Dorsal Wrist: Proximal Radiocarpal and in the sagittal plane longitudinally over the dorsum of
Mid carpal J oints the wrist joint to allow imagining of the radiocarpal and

midcarpal joints. The use of a large footprint linear probe
The patient’s forearm is positioned in pronation resting  allows visualization of both joints (> Fig. 6.29).
on a table in front of the clinician. The probe is placed

Fig. 6.29 Longitudinal image of the
radiocarpal and midcarpal joints. The joint
recesses may be seen as low echo foci
overlaying the bones (white and yellow
stars). The tendons of the fourth dorsal
compartment may be seen overlaying the
joints (ET). CAP, capitate; LUN, lunate; MC3,
base of third metacarpal; RAD, radius.

Scapholunate Joint may be used as a landmark with the scapholunate joint

) laying immediately distal to this (> Fig. 6.30, » Fig. 6.31,
To scan the scapholunate joint the probe is moved i g 32).

through 90 degrees so that it is positioned transverse-
ly over the dorsum of the wrist joint. Lister’s tubercle

Fig. 6.31 Transverse image of the scapholunate joint and
ligament (white arrowhead). LUN, lunate; SC, scaphoid.

Fig. 6.30 Transverse scan of the dorsum of the wrist and the
scapholunate joint. The integrity of the scapholunate ligament
may be further assessed by placing the hand in ulnar deviation.
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Fig. 6.32 Coronal section of the wrist and hand. The radiocarpal joint is formed by the radius, triangular fibrocartilage, and three
bones in the proximal carpal row: the scaphoid, lunate, and triquetrum. The proximal joint surface is a single biconcave curvature. The
distal radius is triangular in shape and flares distally. The distal lateral extension of the radius is the radial styloid. The distal articular
surface of the radius is composed of two concave facets, one for articulation with the scaphoid and one for the lunate. The medial
aspect of the distal radius (ulnar notch) is concave for its articulation with the ulna. The triangular fibrocartilage is present at the distal
end of the ulna and lies between the distal ulna and the triquetrum and lunate. The disc is important for proper arthrokinematics

of the distal radioulnar joint. The disc cannot be assessed with ultrasound imaging. (Reproduced from Schuenke, Schulte, and
Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York. lllustration by Karl Wesker/Markus Voll.)

Radius
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6.1.3 Fingers and Thumb

The Fingers: Metacarpophalangeal,
Proximal Interphalangeal, and Distal
Interphalangeal Joints

The patient’s forearm is positioned in supination with the
hand resting on a table in front of the clinician. The probe
is placed in the sagittal plane longitudinally over the vo-
lar aspect of the joint to be assessed either the metacar-
pophalangeal, the proximal interphalangeal, or the distal
interphalangeal joints. The use of a small footprint linear
probe (hockey stick) allows better visualization of these
small joints.

Fig. 6.33 Longitudinal scan of the volar aspect of the
metacarpophalangeal joint of the middle finger. The use of a
smaller footprint probe such as the hockey stick probe shown
here is ideal for the smaller joints, ligaments, and tendons of
the fingers and thumbs.

The scan and image shown in figures demonstrate as-
sessment of the volar aspect of the metacarpophalangeal
joint. The approach for the proximal and distal interpha-
langeal joints is the same; only the probe is positioned
more distally for each. The dorsal aspect of each joint
should also be examined if indicated. In addition, both
the radial and ulnar collateral ligaments may be assessed
at the proximal and distal interphalangeal joints. This is
not possible at the metacarpophalangeal joints other than
the radial collateral ligament of the index finger and the
ulnar collateral ligament of the little finger (> Fig. 6.33,
»Fig. 6.34, » Fig. 6.35).

Fig. 6.34 Longitudinal image of the volar aspect of the
metacarpophalangeal joint of the middle finger. The flexor
tendons may be seen running superficially over the joint (FDP/
FDS). Immediately below the flexor tendons the volar

plate (white arrowhead) may be seen as an echoic structure
reinforcing the anterior capsule of the joint. FDP/FDS, flexor
digitorum profundus and superficialis; MC, metacarpal; PP,
proximal phalanx.

Collateral
ligament

Phalangoglenoid
ligament

Proximal ———

phalanx 7 N

|

Annular ligament A2

ligament

Annular
ligament A1

Accessory collateral

Fig. 6.35 Sagittal view of the
metacarpophalangeal (MCP) joint of the
index finger. The collateral, accessory
collateral, and phalangoglenoid ligaments
cannot be clearly identified as individual
structures on ultrasound imaging. The
first annular pulley (A1) begins in the
volar plate of the MCP joint and extends
to the base of the proximal phalanx.

The second annular pulley (A2) rises

from the volar aspect of the proximal
portion of the proximal phalanx and
extends to the distal third of the proximal
phalanx. (Reproduced from Schuenke,
Schulte, and Schumacher, Atlas of
Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)

Metacarpal
bone

62

printed on 2/11/2023 2:59 AMvia .

Al use subject to https://ww.ebsco. conterns-of-use



EBSCChost -

Diagnostic Imaging of the Wrist and Hand: Introduction

The Fingers: Flexor Tendons and Pulley
System—A1-A5

Longitudinal Scan

The patient’s forearm is positioned in supination with the
hand resting on a table in front of the clinician. The probe
is placed in the sagittal plane longitudinally over the volar
aspect of the finger at the level to be assessed. Although
the use of a small footprint linear probe allows better vi-
sualization of the small structures to be assessed, a large
footprint probe allows a superior overview (> Fig. 6.36,
»Fig. 6.37, » Fig. 6.38, » Fig. 6.39).

M

Fig. 6.36 Longitudinal scan of the volar aspect of the ring
finger. In this view the probe lies over the proximal and middle
phalanx. In this position the A2, A3, and A4 pulleys can be
visualized.

FDP/FDS

"o L —

PIP| Middle phalanx

Fig. 6.37 Longitudinal image of the volar aspect of the
metacarpophalangeal joint (MCP)). The tendons of flexor Fig. 6.38 Longitudinal scan of the volar aspect of the
digitorum profundus and superficialis (FDP/FDS) can be seen proximal interphalangeal joint (PIP|) and distal interphalangeal
superficially to the joint. The A1 pulley is located anteriorly joint (DIPJ). The A3 pulley is located at the level of the
to these tendons at the level of the metacarpophalangeal PIP] (white arrow). The A4 pulley at the level of the mid-
joint (yellow arrows) is seen as a thin anechoic band. middle phalanx (green arrow) and the A5 pulley at the level of
The A2 pulley is located at the midpoint of the proximal the DIP) (curved arrow). White arrowhead, volar plate at the
phalanx (PP) (dashed arrow). proximal interphalangeal joint.
Proximal Tendon of Tendon of
Distal inter- interphalangeal flexor flexor
phalangeal joint Metacarpo- digitorum digitorum
joint phalangeal joint superficialis profundus

Fig. 6.39 Sagittal view of the index finger demonstrating the tendons of flexor digitorum profundus and superficialis and the
relationship of the tendons with the annular and cruciate pulley system. The annular and cruciate ligaments serve to govern the flexor
mechanism of the hand and wrist, providing critical constraints to the flexor tendons to prevent bowstringing upon contraction and
excursion of extrinsic flexor musculotendinous units. The first annular ligament (A1 pulley), near the head of the metacarpal bone,

lies in the flexor groove in the deep transverse metacarpal ligament. As a general rule, the A1, A3, and A5 ligaments in the fingers are
“joint pulleys” that originate from the volar plate on the volar aspect of the metacarpophalangeal, proximal interphalangeal, and distal
interphalangeal joints, respectively. The A2 and A4 ligaments arise from the periosteum on the proximal half of the proximal phalanx
and the midportion of the middle phalanx, respectively. In the thumb, there are two annular ligaments and a single oblique ligament.
The cruciate ligaments cannot be clearly visualized on ultrasound imaging. (Reproduced from Schuenke, Schulte, and Schumacher,
Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York. lllustration by Karl Wesker/Markus Voll.)
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The Fingers: Flexor Tendons and Pulley
System—A1-A5

Transverse Scan

The patient’s forearm is positioned in supination with the

hand resting on a table in front of the clinician. The probe

is placed in the axial plane transversely over the volar as-

pect of the finger at the level to be assessed. The pulleys

may be seen at the following levels:

* Al pulley 0.5 cm proximal and distal to the metacarpo-
phalangeal joint.

» A2 pulley midshaft of the proximal phalanx.

* A3 pulley level of the proximal interphalangeal joint

* A4 pulley midshaft of the middle phalanx.

» A5 pulley level of the distal interphalangeal joint.

The use of a small footprint linear probe allows better
visualization of these small structures. However, it may
still not be possible to clearly visualize the A3, A4, and A5
pulleys (> Fig. 6.40, » Fig. 6.41).

Fig. 6.40 Transverse image of the volar aspect of an index
finger at the level of the metacarpal head (MCH). The articular
cartilage of the metacarpal head can be seen as a anechoic
layer over the head (curved arrow). The volar plate (white
arrowheads) can be seen as a hyperechoic structure
immediately anterior to the metacarpal head. Superficial to
this the tendons of flexor digitorum profundus and superficialis
can be seen (yellow arrows). Anterior to the flexor tendons

a thin hyperechoic band can be seen indicating the A1

pulley (white arrow).

Tendon of extensor
digitorum

“J./—\

Palmar ligament

Tendon of flexor

digitorum
profundus Annular
ligament
Al

Collateral
ligament

Deep transverse
metacarpal

4

Fig. 6.41 Transverse section of the third
metacarpal taken at the level of the

distal metacarpal immediately proximal
to the metacarpophalangeal joint. The
illustration demonstrates the tendons

of flexor digitorum profundus and
superficialis and the surrounding flexor
sheath which at this level is thickened

to form the A1 annular ligament.
Immediately deep to the tendons the
palmar ligament (volar plate) may be
seen. The tendon of extensor digitorum
may be seen over the dorsal aspect

of the metacarpal. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)

ligament

4

Tendon of flexor
digitorum superficialis
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The Thumb: First Carpometacarpal Joint

The patient’s forearm is positioned in neutral with the
hand resting on a table in front of the clinician. The patient
is asked to clench his or her flexed thumb in the hand help-
ing to gap the joint while at the same time stabilizing the
thumb allowing better visualization of the joint.

The probe is placed in the coronal plane longitudinal-
ly over the dorsal aspect of the carpometacarpal joint. A
small footprint linear probe allows much better visual-
ization of the joint.

In addition to imaging the carpometacarpal joint from
the dorsal aspect, the joint may also be imaged from
its volar side through the thenar eminence (> Fig. 6.42,

Fig. 6.43, » Fig. 6.44).

Fig. 6.43 Longitudinal image of the dorsal aspect of the first
carpometacarpal joint (curved yellow arrow). The base of the
first metacarpal (MC) should normally stand prominent in
relation to the proximal trapezium (TR).

The Thumb: Ulnar Collateral Ligament

The patient’s forearm is positioned in pronation with
the hand resting on a table in front of the clinician. The
thumb is positioned in extension. The probe is placed
in an oblique sagittal plane longitudinally over the ul-
nar collateral ligament at the metacarpophalangeal joint
of the thumb. The use of a small footprint linear probe

Fig. 6.45 Longitudinal scan of the ulnar collateral ligament of
the thumb at the metacarpophalangeal joint. The ligament is
approximately 4-8 mm wide and 12-14 mm long. Assessment
should include a dynamic study of the ligament’s patency. This
can be achieved with the help of a second clinician applying a
valgus force through the joint. This should be carefully applied
to avoid further damage to the ligament.
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Fig. 6.42 Longitudinal scan of the dorsal aspect of the first
carpometacarpal joint of the thumb. The joint may be located
by passively flexing and extending the first metacarpal while

palpating for the joint line. The patient is asked to clench the
flexed thumb in their hand to help open and stabilize the joint.

Fig. 6.44 Longitudinal image of the volar aspect of the first
carpometacarpal joint (curved yellow arrow). The thenar
eminence (TE) can be seen overlaying the joint. MC, base of
the first metacarpal; TR, trapezium.

allows better visualization of the ligament. Assessment

of the ligament should include a careful study of the lig-

ament’s patency through dynamic scanning (> Fig. 6.45,
Fig. 6.46).

Fig. 6.46 Longitudinal image of the ulnar collateral ligament
of the thumb at the metacarpophalangeal joint (curved

arrow). The ulnar collateral ligament appears as a low echo
structure arching across the joint (yellow arrows). In the normal
state as demonstrated above the ligament should appear
relatively flat. A thin anechoic line can be seen over the top

of the ulnar collateral ligament representing the adductor
aponeurosis (white arrowheads). MC, metacarpal; PP, proximal
phalanx.
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Finger and Thumb: Pathology

See »Fig. 6.47, »Fig. 6.48, »Fig. 6.49a,b; »Fig. 6.50a,b;
»Fig. 6.51a,b; »Fig. 6.52, »Fig. 6.53, » Fig. 6.54, » Fig. 6.55,
» Fig. 6.56, » Fig. 6.57).

Fig. 6.47 Longitudinal image of the volar aspect of the
metacarpophalangeal joint (arrow head). The volar plate
appears thickened (yellow arrows) and it appears to be avulsed
from the base of the phalanx (curved arrow).

Fig. 6.48 (a) Longitudinal image of the metacarpophalangeal joint of the thumb (arrowhead). The head of the metacarpal appears
prominent in relation to the phalanx indicative of subluxation (white arrows). In addition, there appears to be a significant effusion
and synovial thickening (white stars). The patient had a chronic and active rheumatoid arthritis. (b) This is the same image as in
part (a) except that Power Doppler imaging has been used to demonstrate that the thickened synovium is actively inflamed with a
marked synovitis. White arrows, prominent metacarpal; white stars, effused joint with synovial thickening and an active synovitis as
demonstrated with Power Doppler imaging.

Fig. 6.49 (a) Longitudinal image of the volar aspect of the metacarpophalangeal joint (white arrowhead) of a left middle finger
demonstrating intact tendons of flexor digitorum profundus and flexor digitorum superficialis (FDP/FDS). However, a marked effusion
and synovitis can be seen with in the flexor sheath (white stars). The underlying metacarpophalangeal joint appears intact. (b) The use
of Power Doppler imaging demonstrates that this effusion and synovial thickening is associated with an active synovitis (white stars).
These findings are in keeping with a chronic flexor sheath tenosynovitis. White stars, effused joint with synovial thickening and an
active synovitis as demonstrated with Power Doppler imaging.
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Fig. 6.50 (a) Transverse image of the volar aspect of the index (right) and middle finger (left) at the level of the metacarpal head (MC).
The A1 pulley can be seen laying above the flexor tendons (FT) between the calipers. Thickening of the pulley may be seen at the
index finger (right) (curved arrow). The A1 pulley at the middle finger (left) is of normal appearance (yellow arrow). Findings in keeping
with a trigger finger. (b) Longitudinal image of the volar aspect of the index finger at the level of the metacarpophalangeal joint. In
addition to the thickening of the A1 pulley demonstrated in part (a), there is also an associated synovitis (white arrows).

Fig. 6.51 (a) Transverse image of the volar aspect of a ring finger at the level of the metacarpal head demonstrating marked
thickening of the A1 pulley (double-headed arrow). (b) Transverse image of the volar aspect of an index finger at the level of the
metacarpal head demonstrating thickening of the A1 pulley (double-headed arrow). A needle can be seen being placed between
the flexor tendons and A1 pulley prior to injection. This image demonstrates the accuracy that is possible with ultrasound guided
injection. FT, flexor tendons; MC, metacarpal head.

Fig. 6.52 Longitudinal image of the ulnar collateral ligament
of the metacarpophalangeal joint of the thumb. The ulnar
collateral ligament appears thickened (yellow arrows). However,
there is no evidence of acute rupture or avulsion. Findings are
in keeping with a grade | tear of the ulnar collateral ligament.
MC, metacarpal; PP, proximal phalanx.

Fig. 6.53 Longitudinal image of the ulnar collateral ligament
of the metacarpophalangeal joint of the thumb. A small
anechoic foci can be seen within the deeper portion of the
ligament over its origin on the metacarpal (between crosses).
The more superficial fibers appear intact (yellow arrows). These
findings are in keeping with an articular side partial tear (grade
I1) of the ulnar collateral ligament. Crosses, articular side tear
within the deeper portion of the ulnar collateral ligament;

MC, metacarpal; PP, proximal phalanx; yellow arrows, ulnar
collateral ligament.
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Fig. 6.54 Longitudinal image of the ulnar collateral ligament
of the metacarpophalangeal joint of the thumb. The ligament
demonstrates marked thickening with anechoic foci within its
articular side. Findings are in keeping with a partial articular
side tear of the ulnar collateral ligament with associated
thickening. There is no evidence of a Stener lesion. The
ligament appeared patent with stressing. Crosses, articular
side tear within the deeper portion of the ulnar collateral
ligament; MC, metacarpal; PP, proximal phalanx; yellow
arrows, ulnar collateral ligament.

Fig. 6.55 Thumb-MRI coronal T1 images of the ulnar
collateral ligament demonstrated in » Fig. 6.54. There
appears to be a subluxation of the proximal phalanx at the
metacarpophalangeal joint. In addition, there is a rupture
of the ulnar collateral ligament in its midsubstance. It may
be seen that the information obtained with the ultrasound
in > Fig. 6.55 is just as accurate as the MRI scan. In addition,
the ultrasound scan may be undertaken in an office setting
and include dynamic imaging. MC, metacarpal; PP, proximal
phalanx; yellow arrows, ulnar collateral ligament.

RIGHT THUMB - UCL

Fig. 6.56 Longitudinal image of the ulnar collateral ligament of
the thumb. The ligament appears thickened but patent (yellow
arrows). In addition, there appears to be an avulsion fracture
from the base of the proximal phalanx (PP) measuring
approximately 4.9 mm (curved arrow). These findings are in
keeping with an avulsion fracture of the insertion of the ulnar
collateral ligament. MC, metacarpal. Fig. 6.57 Longitudinal image of the ulnar collateral ligament
at the metacarpophalangeal joint of the thumb. Ultrasound
demonstrates a large anechoic lesion overlying the ulnar
aspect of the metacarpal head (white stars). The normal
architecture of the ulnar collateral ligament cannot be
seen (white arrowhead). When a valgus force was placed across
the joint, there was an increased gapping of the joint. Findings
are in keeping with a complete rupture of the ulnar collateral
ligament and associated Stener lesion. MC, metacarpal;
PP, proximal phalanx; white arrowhead, absence of normal
architecture of the ulnar collateral ligament; white stars,
Stener lesion.
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7 The Wrist and Hand: Guided Injection Techniques

Abstract

This chapter outlines commonly used injection tech-
niques at the wrist and hand. The aim is to detail the
position and alignment of the probe and needle to allow
accurate placement into the target tissue. In addition a
brief clinical presentation is given for each condition as
well as some of the anatomical considerations which
should be noted. The drugs, dosages, and volumes given
are those used in the author’s clinic.

Keywords: proximal radiocarpal joint, midcarpal joints,
carpometacarpal joints, metacarpophalangeal joints,
proximal and distal interphalangeal joints, scapholunate
ligament, dorsal extensor compartments and tendons,
carpal tunnel, flexor tendons and pulley system

7.1 Wrist Joint Injection—
Radiocarpal Joint

7.1.1 Cause

e Osteoarthritis.
* Rheumatoid arthritis.
* QOveruse.

7.1.2 Presentation

 Pain is located within the wrist joint.
» The capsular restriction of the wrist results in an equal
limitation of both passive flexion and extension.

7.1.3 Equipment

See »Table 7.1.

Table 7.1 Equipment needed for wrist joint injection—
radiocarpal joint

Syringe Needle Corticosteroid Local Transducer
anesthetic
5 mL 23 gauge 20-mg 2-mL1%  Small
- 1inch Depo-Medrone lidocaine  hockey
stick
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7.1.4 Anatomical Considerations

The radiocarpal joint is formed by the distal radius, tri-
angular fibrocartilage, and the three bones of the prox-
imal carpal row: the scaphoid, lunate, and triquetrum.
Although the wrist joint as a whole is not continuous
having various internal septa dividing it into separate
compartments, a variable degree of communication
can exist with the radiocarpal, intercarpal, midcarpal,
and carpometacarpal joints often intercommunicating
through a common synovial cavity.

This intercommunication can work to the advantage
of the patient with generalized arthritic change as one
injection into the midradiocarpal joint is able to perfuse
throughout the wrist.

7.1.5 Procedure

» The patient is seated facing the clinician with the fore-
arm and hand resting on a table palm facing down.

» The transducer is placed in the longitudinal plane over
the midpoint of the dorsal aspect of the wrist joint. In
this position, it should be possible to visualize the dis-
tal radius, lunate, and capitate.

* The needle is inserted at approximately 45 degrees to
the transducer from a distal to proximal direction. The
needle should lie along and parallel to the posterior
surface of the lunate.

» The injection is given as a bolus into the radiocarpal
joint.

7.1.6 The Injection
See »Fig. 7.1 and » Fig. 7.2.

7.1.7 Notes

The patient may be advised on a period of relative rest
for 2 weeks during which time a splint is worn to protect
the joint. Following this a programme of rehabilitation
aimed at mobilizing and strengthening the wrist should
be implemented.
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Fig. 7.1 Wrist joint injection. The probe is placed in the
longitudinal plane over the midpoint of the dorsal aspect of
the wrist joint. In this position it should be possible to visualize
the distal radius, lunate, and capitate. The needle is inserted
at approximately 45 degrees to the probe from a distal to
proximal direction. The needle should lie along and parallel to
the posterior surface of the lunate. If the midcarpal joint is the
aim, then the needle is aimed slightly more distally toward the
midcarpal recess between the capitate and lunate.

7.2 Carpometacarpal Joint of
the Thumb Injection

7.2.1 Cause

Osteoarthritis.

7.2.2 Presentation

Pain is located at the base of the thumb and thenar
eminence.

The capsular restriction of the thumb is a painful pas-
sive restriction of both extension and abduction with
the thumb gradually becoming fixed into an adducted
position. In cases of advanced degeneration of the joint
a loss of normal thenar muscle mass may also be noted.

7.2.3 Equipment

See »Table 7.2.
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Table 7.2 Equipment needed for carpometacarpal joint of the
thumb injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
2mL 25 gauge 10-mg 1-ml 1% Small
-1inch Depo-Medrone lidocaine  hockey
stick

Capitate

Fig. 7.2 Longitudinal image of the dorsal aspect of the wrist
demonstrating the proximal radiocarpal joint to the right of
the image between the distal radius and lunate. The midcarpal
joint may be seen to the center of the image between lunate
and capitate. The respective joint recesses are indicated

by the white arrows. The tendons of the fourth dorsal
compartment (IV) may be seen overlying both joints. The
yellow arrow demonstrates the line of the needle to inject the
proximal radiocarpal joint. White arrows, dorsal joint recesses
of the proximal and midcarpal joints; yellow arrow, direction of
the needle.

7.2.4 Anatomical Considerations

The carpometacarpal joint of the thumb is formed by the
articulation of the head of the first metacarpal and the
trapezium proximally. The radial artery lies immediately
proximal to the joint and should not be at risk.

7.2.5 Procedure

» The patient is seated facing the clinician with the fore-
arm and hand resting on a table with the thumb facing
upward.

* The thumb is flexed into the palm allowing the carpo-
metacarpal joint to open laterally.

» The transducer is placed in the longitudinal plane over
the carpometacarpal in line with the thumb.

* The needle is inserted at approximately 45 degrees to
the transducer from a proximal to distal direction.

* The injection is given as a bolus into the carpometa-
carpal joint.

« If difficulty is experienced with correct needle place-
ment, the clinician may passively flex and extend the
metacarpal applying a gentle distraction force to the
joint.
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First Dorsal Compartment Injection—de Quervain’s Tenosynovitis

7.2.6 The Injection
See »Fig. 7.3 and » Fig. 7.4.

7.2.7 Notes

The patient may be advised on a period of relative rest for
2 weeks during which time a splint is worn to protect the
joint. Following this a programme of rehabilitation aimed
at mobilizing and strengthening the wrist and thenar
muscles should be implemented.

Fig. 7.3 Injection of the carpometacarpal joint of the thumb.
The probe is placed in the longitudinal plane over the
carpometacarpal in line with the thumb. The needle is inserted
at approximately 45 degrees to the transducer from a proximal
to distal direction. The injection is given as a bolus into the
carpometacarpal joint.

7.3 First Dorsal Compartment
Injection—de Quervain’s
Tenosynovitis

7.3.1 Cause

* Qveruse.

7.3.2 Presentation

* Pain is located at the base of the thumb and along the
radial border of the wrist.

» Pain may be reproduced with resisted thumb extension
and abduction.

» Pain may also be reproduced with Finkelstein’s test
which is performed by passively flexing the patient’s
thumb while the wrist is placed into ulnar deviation.
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Osteoarthritis of the carpometacarpal joint is a com-
mon presentation in older patients particularly in those
who have had very manual occupations or taken part in
sports involving high loading of the joint. Local injection
followed by a programme of strengthening exercise can
provide significant and long-term relief.

In mild to moderate cases of osteoarthritis in patients
who are still very active injection of hyaluronan may pro-
vide a long-term relief of symptoms.

Fig. 7.4 Longitudinal image of the carpometacarpal joint of
the thumb. The trapezium (TR) may be seen to the right of the
image and the base of the first metacarpal (MC) to the left.
The base of the metacarpal normally sits in a more superior
position relative to the trapezium. This facilitates injection
from a proximal to distal direction outlined by the yellow
arrow. Yellow arrow, direction of the needle.

7.3.3 Equipment

See »Table 7.3.

7.3.4 Anatomical Considerations

The first dorsal compartment is located along the radi-
al border of the wrist and consists of the tendons of ab-
ductor pollicis longus and extensor pollicis brevis which
share a common tendon sheath. The tendon of abductor
pollicis longus is situated more anteriorly and may be
seen on ultrasound to consist of a number of different
strands as it progresses distally.

The radial artery can be seen passing deep to the com-
partment at its more distal aspect. Overlaying the sheath
the extensor retinaculum may be visualized.

Table 7.3 Equipment needed for first dorsal compartment
injection—de Quervain’s tenosynovitis

Syringe  Needle Corticosteroid Local Transducer
anesthetic

5mL 25gauge  10-mg 2-mL Small

(10mL?) -1inch Depo-Medrone  (6-mL?) 1%  hockey
lidocaine stick

2A higher volume should be considered in more chronic cases.
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7.3.5 Procedure

» The patient is seated facing the clinician with the fore-
arm and hand resting on a table and the thumb facing
upward.

* Injection may be facilitated if the wrist is placed in a
few degrees of ulnar deviation and the thumb is flexed
into the palm.

» The transducer is placed over the first dorsal compart-
ment in the longitudinal plane.

* The needle is inserted at approximately 45 degrees
to the transducer from a distal to proximal direction.
The needle should be placed immediately deep to the
extensor retinaculum so that it lies resting against the
tendons themselves.

» The injection is given as a bolus into the first compart-
ment and should flow freely.

« If difficulty is experienced with injecting, then pres-
sure is maintained on the syringe and the needle point
moved slowly until flow is seen in the sheath.

Fig. 7.5 Injection of the first dorsal compartment. The

probe is placed over the first dorsal compartment in the
longitudinal plane. The needle is inserted at approximately

45 degrees to the probe from a distal to proximal direction.
The needle should be placed immediately deep to the
extensor retinaculum so that it lies resting against the tendons
themselves. A higher volume should be considered in more
chronic cases.

7.4 A1l Pulley Injection—Trigger
Finger or Thumb

7.4.1 Cause

» May be related to overuse but commonly idiopathic.

7.4.2 Presentation

« Painful clicking of the finger or thumb with an inter-
mittent locking in a flexed position.

» Tenderness is felt at the volar aspect of the correspond-
ing metacarpophalangeal joint.

7.3.6 The Injection

See »Fig. 7.5 and » Fig. 7.6.

7.3.7 Notes

Care should be taken that the injection is delivered into
the tendon sheath and not seen to pool in the superficial
tissues. The patient should be advised on relative rest for
2 weeks following the injection and thought given to ac-
tivity modification.

In acute cases, ultrasound may demonstrate marked sy-
novitis around within the tendon sheath. In these cases
a relatively lower total volume should be used. In more
chronic cases ultrasound may demonstrate marked thick-
ening of the extensor retinaculum with “catching” of the
tendons with passive ulnar and radial deviation of the
wrist. In these cases a higher total volume of up to 5 or
6 mL should be considered. The total dosage of steroid
should remain the same.

- eS——

APL & EPB

—

Fig. 7.6 Longitudinal image of the first dorsal compartment
of the wrist. The first dorsal compartment consists of the
tendons abductor pollicis longus (APL) and extensor pollicis
brevis (EPB). The distal radius (DR) may be seen deep to the
tendons. The extensor retinaculum should appear as a low
echo band lying superficial to the tendons (curved arrow). The
straight arrow indicates the direction of the needle which
should lie deep to the extensor retinaculum.

7.4.3 Equipment
See »Table 7.4.

Table 7.4 Equipment needed for A1 pulley injection—trigger
finger or thumb

Syringe Needle Corticosteroid Local Transducer
anesthetic

2mL 25gauge 10-mg Depo-  0.5-mL Small

(5mL?) -Tinch Medrone (2-mL?) 1% hockey
lidocaine  stick

2A higher volume should be considered in more chronic cases.
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7.4.4 Anatomical Considerations

Trigger finger is caused when the tendons of flexor digito-
rum superficialis and flexor digitorum profundus become
caught as they pass beneath the A1 pulley at the level of
the metacarpophalangeal joint.

Catching may be due to a localized swelling of the flexor
tendon or a thickened A1 pulley. The Al pulley extends
approximately 0.5 cm proximal and distal to the metacar-
pophalangeal joint. On ultrasound it is visualized as a low
echo, elliptical thickening of the flexor sheath.

7.4.5 Procedure

» The patient is seated facing the clinician with the
forearm and hand resting on a table and palm facing
upward.

» The transducer is placed over the A1 pulley at the level
of the metacarpophalangeal joint in the longitudinal
plane.

Fig. 7.7 A1 Pulley injection. The probe is placed over the A1
pulley at the level of the metacarpophalangeal joint in the
longitudinal plane. The needle is inserted at approximately

45 degrees to the probe from a proximal to a distal direction. The
needle should be placed immediately deep to the A1 pulley so
that it lies resting against the flexor tendons themselves.

Fig. 7.9 Alternative transverse or short-axis approach.
Transverse image of the flexor tendons (FT) at the level

of the distal metacarpal (MC). The double-headed arrows
demonstrates a significantly thickened A1 pulley at the finger
on the right of the image while of normal thickness at finger
toward the left side. The white arrow indicates the needle
entering the flexor sheath at the level of the A1 pulley.
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A1 Pulley Injection—Trigger Finger or Thumb

* The needle is inserted at approximately 45 degrees to
the transducer from a proximal to a distal direction.
The needle should be placed immediately deep to the
A1 pulley so that it lies resting against the flexor ten-
dons themselves.

 The injection is given as a bolus into the flexor sheath
and should flow freely.

« Alternatively, a transverse or short-axis approach may
be adopted. In this case the transducer is placed trans-
versely over the Al pulley in the transverse plane. The
needle is inserted at 45 degrees to the transducer from
either medially or laterally. The needle should be posi-
tioned immediately deep to the A1 pulley and the injec-
tion given as a bolus (see below).

7.4.6 The Injection
See »Fig. 7.7, » Fig. 7.8, » Fig. 7.9, and » Fig. 7.10.

ﬂ

Fig. 7.8 Longitudinal image of the flexor tendons at the

level of the metacarpophalangeal joint. The tendon of flexor
digitorum superficialis (FDS) may be seen to overlay the
tendon of flexor digitorum profundus (FDP). The A1 pulley
appears as a thickened low echo band superficial to the flexor
tendons in this symptomatic finger (curved arrow). The straight
arrow indicates the direction of the needle which should lie
deep to the AT pulley. Straight yellow arrow, direction of the
needle.

Fig. 7.10 Injection for trigger thumb. Alternative transverse or
short-axis approach. Transverse image of the tendon of flexor
pollicis longus (FPL) at the level of the distal metacarpal (MC).
The double-headed arrow demonstrates a thickened A1 pulley.
The white arrow indicates the needle entering the flexor
sheath at the level of the A1 pulley.
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The Wrist and Hand: Guided Injection Techniques

7.4.7 Notes

The patient is advised to avoid gripping and carrying ac-
tivities for 48 hours.

Injection for trigger finger can be extremely effective if
carried out at an early stage. If the condition has become
chronic, ultrasound often demonstrates significant thick-
ening of the A1 pulley. If this is the case, a higher-volume
injection is often more effective.

Many patients with trigger finger will go on to develop
similar problems in other fingers over time.

7.5 Ganglion Cyst: Guided
Aspiration

(A ganglion cyst may occur anywhere and is described
here as it is a common presentation at the wrist. The prin-
ciple described below applies to any ganglion cyst).

7.5.1 Cause

» May be related to overuse.
* More commonly idiopathic.

7.5.2 Presentation

* Commonly a nontender firm swelling associated with
a joint capsule or tendon sheath. The patient may de-
scribe some pain if the cyst impinges against other
structures or impedes movement.

7.5.3 Equipment
See » Table 7.5.

7.5.4 Anatomical Considerations

Thought to surrounding anatomical structures needs to
be given in view of the location of the ganglion cyst. Dop-
pler imaging should be used to locate relevant vascular
structures.

Table 7.5 Equipment needed for ganglion cyst: guided
aspiration

Syringe Needle Corticosteroid Local Trans-
anesthetic ducer
5mL 16 N/A 2-mL 1% Small
gauge? lidocaine hockey
stick

2 The gauge of the needle will be dependent on the size and
location of the cyst. However, as most cystic structures contain
gelatinous material, a 16-gauge needle may be required. A
higher volume should be considered in more chronic cases.
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7.5.5 Procedure

» The patient is seated facing the clinician with the forearm
and hand resting on a table and palm facing downward.

» The transducer is placed over the cyst.

* The needle is inserted at approximately 45 degrees to
the transducer so that it enters the body of the cyst.
 Aspiration may be facilitated if injection of local anes-

thetic is first given.

* Needle gauge will be dependent on the size and po-
sition of the cyst. However, as most cystic structures
contain gelatinous material a 16-gauge needle may be
required.

7.5.6 Guided Aspiration

See »Fig. 7.11, and » Fig. 7.12.

Fig. 7.11 Aspiration of ganglion cyst. The probe is placed over
the cyst. The needle is inserted at approximately 45 degrees
to the probe so that it enters the body of the cyst. Aspiration
may be facilitated if injection of local anesthetic is first given.
Needle gauge will be dependent on the size and position of
the cyst. However, as most cystic structures contain gelatinous
material a 16-gauge needle may be required.

Fig. 7.12 Longitudinal image of the dorsal aspect of the wrist
joint. A well-defined anechoic swelling (curved arrow) may be seen
lying superficially over the dorsal aspect of the lunate (LUN). The
swelling may be seen to have origin from the proximal radiocarpal
joint (arrowhead). The swelling exhibits posterior enhancement.
The appearances are in keeping with a dorsal wrist ganglion. The
needle direction is given by the straight yellow arrow. Arrowhead,
ganglion origin; CAP, capitate; curved arrow, ganglion; RA, distal
radius; straight arrow, direction of the needle.
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7.6 Carpal Tunnel Syndrome:
Guided Injection

7.6.1 Cause

» Commonly related to pregnancy. May also be related to
rheumatoid arthritis or hypothyroidism.

e There may be a history of previous trauma such as
wrist fracture.

» Commonly may present as idiopathic.

7.6.2 Presentation

Paresthesia in the distribution of the median nerve. The
patient typically describes symptoms as being worse at
night causing sleep disturbance. In more advanced cases,
the patient may also describe loss of normal dexterity
with difficulty with fine movements of the fingers and
thumb.

Clinically, there may be a positive Tinel's sign on per-
cussion over the median nerve at the carpal tunnel. In
addition, Phalen’s test may be positive with the patient
describing a reproduction of symptoms with full wrist
flexion for 30 seconds.

7.6.3 Equipment

See » Table 7.6.

7.6.4 Anatomical Considerations

The carpal tunnel is formed by the carpal bones of the
wrist posteriorly and the flexor retinaculum anteriorly.
The flexor retinaculum attaches to four sites, the pisiform
and hook of hamate medially and the scaphoid tubercle
and trapezium laterally. It is approximately the width of
the thumb and lies so that its proximal edge is at the dis-
tal wrist crease. The median nerve lies superficially with-
in the carpal tunnel at approximately its midpoint below
the tendon of palmaris longus (if present) and medial to
the tendon of flexor carpi radialis.

Table 7.6 Equipment needed for carpal tunnel syndrome:
guided injection

Syringe Needle Corticosteroid Local
anesthetic
1 mL 25 gauge 20-mg Nil
-1inch Depo-Medrone
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Carpal Tunnel Syndrome: Guided Injection

7.6.5 Procedure

» The patient is seated facing the clinician with the
forearm and hand resting on a table and palm facing
upward.

» The transducer is placed over the carpal tunnel so that
its proximal edge lies at the distal wrist crease in the
transverse plane.

» The median nerve is identified in transverse section
and the needle is inserted at approximately 45 degrees
at a right angle to the transducer from a proximal di-
rection so that it lies alongside the nerve at its radial
or ulnar side.

* The probe may be turned through 90 degrees to visual-
ize the needle longitudinally once the needle has been
correctly position next to the nerve.

 The injection is given as a bolus into the carpal tunnel
and should flow freely.

* Alternatively, a transverse approach may be used. The
transducer is again placed over the median nerve at
the carpal tunnel in the transverse plane. The needle
is inserted at 45 degrees to the transducer from either
the ulnar or radial aspect so that it lies immediately
below the median nerve. Injection is again given as a
bolus (see below).

7.6.6 The Injection
See » Fig. 7.13, » Fig. 7.14, and » Fig. 7.15.

Fig. 7.13 Carpal tunnel injection. The probe is placed over
the carpal tunnel so that its proximal edge lies at the distal
wrist crease in the transverse plane. The median nerve is
identified in transverse section and the needle is inserted at
approximately 45 degrees at a right angle to the transducer
from a proximal direction so that it lies alongside the nerve
at its radial or ulnar side. In this alignment the needle point
will appear as a small echogenic dot alongside the nerve.
The probe may be turned through 90 degrees to visualize
the needle longitudinally once the needle has been correctly
positioned next to the nerve.
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The Wrist and Hand: Guided Injection Techniques

Fig. 7.15 Median nerve (yellow circle) in transverse section.

Fig. 7.14 Transverse image of the median nerve within the The needle (yellow arrowheads) may be seen approaching
carpal tunnel. In the approach outlined in » Fig. 7.13, the from the right side of the image to lie immediately below the
probe is used to identify the median nerve (curved arrow) median nerve and superficial to a flexor tendon (white circle).

in transverse section and the needle placed immediately
alongside the nerve. With this approach the needle will only
appear as a small dot alongside the nerve (yellow star).

7.6.7 Notes

The injection is only given with corticosteroid. Local an-
esthetic is avoided as increased volume is likely to put
more pressure on the nerve and should be kept to a min-
imum. If the condition is of less than 6 months’ duration,
injection may be effective. However, the more chronic
the nature of the condition, the less likely it is that an in-
jection will be effective and a surgical opinion should be
considered.
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8 The Hip: Diagnostic Imaging

Abstract

Ultrasound examination has always had a relatively limit-
ed role in the assessment of hip pathology due to restric-
tions with regard to the deeper joints such as the shoulder
and hip from which little detail of internal structure may
be determined. However, despite these limitations much
hip pathology is well detected provided that the clinician
is familiar with the normal anatomy of the hip. Examina-
tion includes assessment of the soft tissues, tendons, liga-
ments, and muscles, and also of the bone and joint where
there is acoustic access allowing adequate visualization.

Ultrasound is of particular use in the evaluation of the
periarticular soft tissues and in the detection of both intra
and periarticular synovial effusions and collections, and
if required provides an easy and non traumatic guidance
for needle aspiration for diagnostic purposes or therapeu-
tic intervention. Given the complex anatomy around the
hip joint, the examiner should make accurate differential
diagnoses based on careful history taking and objective
findings in order to focus on the relative appropriate
structures of the hip prior to scanning. The hip is usually
divided into four quadrants during scanning, the anterior,
medial, lateral, and posterior aspects and accurate clinical
information allows the examiner to focus on particular
quadrants. It would not be a normal practice to examine
all four quadrants in all patients.

An ultrasound examination of the hip should be con-
ducted with a large footprint linear probe of a medium
to low frequency (9-12 MHz). In the larger patient, a low
frequency curvilinear probe may be of benefit.

Keywords: hip joint, labrum, psoas bursa, trochanteric
bursa, iliopsoas, rectus femoris, sartorius, tensor fascia la-
tae, gluteus maximus, gluteus medius, gluteus minimus,
ischium, hamstrings, adductors

8.1 Diagnostic Imaging of the
Hip: Introduction

Examination of the hip will be dependent on the specif-
ic structure and pathology suspected from a thorough
clinical examination. Based on this examination it would
be normal to scan one or two specific structures. In ad-
dition to static scanning dynamic imaging should be in-
cluded particularly when imaging tendons and ligaments
to fully assess the patency of these structures. It should

printed on 2/11/2023 2:59 AMvia .

be noted that examination of the hip can be problem-
atic particularly in the muscular or obese patient given
the anatomical position of the joint. The use of relatively
low-frequency ultrasound should be used where neces-
sary to maximize image quality.
Imaging includes the following:
* Anterior—supine
o Hip joint including the femoral head, neck, capsule,
and anterior synovial recess.
o Anterior labrum.
o [liopsoas muscle, tendon, and bursa.
o Anterior inferior iliac spine (AIIS) and the tendon
and muscle of rectus femoris.
o Anterior superior iliac spine (ASIS) and the tendons
and muscles of sartorius and tensor fascia lata.
o Lateral femoral cutaneous nerve and inguinal
ligament.
* Medial region—supine in frog-leg position
o Adductor tendons and muscles.
 Lateral—side lying
o Gluteus maximus, tensor fascia lata, and the fascia
lata.
o Gluteus medius muscle and tendon.
o Gluteus minimus muscle and tendon.
o Greater trochanter and bursa (if pathological).
Posterior—prone lying
o Hamstring muscles and tendon.
o Ischial tuberosity and bursa (if pathological).
* Midline—supine lying
o Symphysis pubis.

8.1.1 Anterior

Anterior Hip Joint: Longitudinal Scan

The hip joint may only be effectively visualized from its
anterior aspect which also allows imaging of the anteri-
or femoral recess and the iliopsoas tendon and bursa (if
pathological).

The patient is positioned in supine. A small pillow
placed under the knee allows the hip to rest in a few de-
grees flexion which can facilitate scanning. To visualize
the anterior aspect of the hip joint and the anterior fem-
oral recess, a large footprint probe is required. In addi-
tion, given the depth of the joint particularly in the larger
patient, a low-frequency probe should be used (> Fig. 8.1,
»Fig. 8.2, » Fig. 8.3).
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The Hip: Diagnostic Imaging

Fig. 8.1 Longitudinal scan of the anterior aspect of the hip
joint. The probe is placed over the joint in the sagittal oblique
plane. A large footprint probe should be utilized. A low
frequency may be required particularly in the larger patient.

Fig. 8.2 Longitudinal image of the anterior aspect of the

hip joint. In this example, a linear probe has been used in
sector mode to better visualize both the hip joint and the
anterior femoral recess. The psoas bursa cannot be seen in
its normal state. If pathological, it will appear as a low echo
foci overlaying the anterior capsule (curved white arrow).

The anterosuperior labrum appears as an echogenic triangle
at the acetabulum (yellow arrowhead). Curved white arrow,
location of psoas bursa; curved yellow arrow, anterior margin
of acetabulum; FH, femoral head; IM, iliopsoas muscle; white
arrowheads, anterior capsule of hip joint and iliofemoral
ligament.

Fig. 8.3 Coronal section of the right

head of femur
Acetabular
fossa

Acetabular
labrum

Greater
trochanter

Shaft of
femur

Trochanteric
bursa

A
L

“

Epiphyseal hip. Note how far the anterosuperior
line capsule extends down the femoral neck
Neck of . Fo form.the anterior femoral recess. Tf}e
fermur 40 llium illustration demonstrates a trochanteric
I Acetabulum bursa immediately lateral to the greater
Head of trochanter. In reality, however, it has been
femur shown that a considerable variation in
Ligament of both the number and position of bursae

around the lateral hip can exist. Bursae
may be present beneath the gluteus
maximus muscle and the fascia lata
overlaying the gluteus medius tendon
and deep to the gluteus minimus tendon.
In the normal nonpathological state

the bursae are not normally seen with
ultrasound imaging. (Reproduced from
Gilroy and MacPherson, Atlas of Anatomy,
3rd edition, ©2016, Thieme Publishers,
New York. lllustration by Karl Wesker/
Markus Voll.)

0l |

over the AIIS in the sagittal plane to image both the AIIS
and the tendon of rectus femoris. The use of a large foot-
print probe allows for better visualization of this area.
In the larger patient, a low-frequency curvilinear probe
should be used (> Fig. 8.4, » Fig. 8.5).

Anterior Inferior lliac Spine: Longitudinal
Scan
The patient is positioned in supine. A small pillow placed

under the knee allows the hip to rest in a few degrees
flexion which may facilitate scanning. The probe is placed
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Diagnostic Imaging of the Hip: Introduction

Fig. 8.5 Ultrasound image of the anterior aspect of the hip
and the anterior inferior iliac spine (AllS). The tendon of rectus
femoris has two separate attachments, a direct head from the
- AlIS (yellow arrows) and a deeper attachment from the anterior
Fig. 8.4 Longitudinal scan of the anterior aspect of the hip superior acetabulum (white arrowheads). This deeper indirect

R sl

joint to image the anterior inferior iliac spine (AllS) and tendon attachment can be seen on imaging as a low echo region due
of rectus femoris. The probe is placed over the joint in the to anisotropy because of the fiber orientation in relation to
sagittal plane. A large footprint probe should be utilized. A low the probe. White arrowheads, rectus femoris tendon (indirect
frequency may be required particularly in the larger patient. tendon); yellow arrows, rectus femoris tendon (direct tendon).

Anterior Inferior lliac Spine: Transverse
Scan

The transducer is placed over the AlIS in the transverse
plane to image the origin of the direct tendon of rectus
femoris. The transducer is then moved in a caudal direc-
tion maintaining alignment in the transverse plane to
image first the musculotendinous junction of the rectus
femoris and then the muscle belly itself which can be
found positioned between tensor fasciae lata, sartorius,
and iliopsoas. More distally the muscle of rectus femo-
ris may be seen to overlay the vastus intermedius muscle
belly (> Fig. 8.6, » Fig. 8.7, » Fig. 8.8, » Fig. 8.9).

Fig. 8.6 Ultrasound image of the anterior aspect of the hip and
anterior inferior iliac spine (AllS). The tendon of rectus femoris
can be seen as echogenic foci anterior to the AllS (curved yellow
arrow). Laterally to the tendon and the AllS, the muscle of
tensor fasciae lata (TFL) can be seen. Sartorius (SA) can be seen
overlaying the AllS and rectus femoris tendon.

Fig. 8.8 Ultrasound image of the anterior aspect of the

Fig. 8.7 Ultrasound image of the upper third of the thigh midthigh. The rectus femoris (RF) muscle can be seen to
distal to the AllS demonstrating the muscle belly of rectus overlay the muscle of vastus intermedius (VI). The central
femoris (RF) situated between the muscles of tensor fasciae aponeurosis of rectus femoris (arrowheads) is a direct

latae (TFL) laterally and sartorius (SA) medially. The muscle extension of the indirect tendon. The femur (FE) may be seen
belly of iliopsoas (IP) can be seen deep to the rectus femoris. deep to the muscle of vastus intermedius.
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Quadriceps femoris

Fig. 8.9 Transverse section of the

septum

Sartorius

Femoral
artery
and vein

Adductor
longus

Adductor
brevis

Gracilis

Adductor
magnus

Semi-
tendinosus

Semi-
membranosus

Biceps femoris,
short head

Biceps femoris,
long head

. A midthigh. In cross-section, the thigh
Vastus Vastus Rectus Vastus is divided up into three distinct
medialis intermedius femoris lateralis compartments separatecli by ifedi
Medial using the femur as an axis. Each of
intermusfuII:r these compartments has its own

blood and nerve supply and contains a
different group of muscles. The anterior
compartment muscles of the thigh

Femur include pectineus, sartorius, and the four
muscles that comprise the quadriceps
muscles—rectus femoris, vastus medialis,
vastus intermedius, and vastus lateralis.

lliotibial The posterior compartment muscles of

tract the thigh are the hamstring muscles,
which include semimembranosus,
semitendinosus, and biceps femoris.
Sciatic The medial compartment muscles are
nerve adductor magnus, adductor longus,
adductor brevis, and adductor gracilis.
Lateral Note the relationship of the quadriceps,
inter- hamstrings, and medial thigh muscles,
muscular in particular, the extent to which the
septum quadriceps vastus intermedius and

lateralis wrap around the lateral thigh
deep to the iliotibial tract. (Reproduced
from Schuenke, Schulte, and Schumacher,
Atlas of Anatomy, 2nd edition, ©2014,
Thieme Publishers, New York. Illustration
by Karl Wesker/Markus Voll.)

Anterior Superior lliac Spine: Transverse
Scan

The patient is positioned in supine and the probe is
placed over the ASIS in the transverse plane to image the
tendons of sartorius medially and tensor fasciae lata lat-
erally. Each tendon may be followed distally to view the
musculotendinous junction and more distally the muscle
belly itself. The muscle of rectus femoris may be seen to
lie between the muscles of sartorius and tensor fasciae
lata in the upper part of the thigh (> Fig. 8.10).

Lateral

Medial ~

Fig. 8.10 Ultrasound image of the anterior superior iliac

spine (ASIS). The probe is placed transversely over the ASIS in
the transverse plane. The tendons of sartorius and tensor fascia
lata share a common attachment at the ASIS. If the probe is
moved distally, the two tendons can be seen to separate with
sartorius directed medially (yellow oval) and tensor fascia lata
directed laterally (black oval).
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Anterior Superior lliac Spine:
Longitudinal Scan

The probe is turned through 90 degrees so that it lies
in the sagittal plane with its proximal edge against the
ASIS. With the probe directed a few degrees medially,
the tendon of sartorius can be seen and when direct-
ed laterally, the tendon of tensor fasciae latae can be
viewed (> Fig. 8.11).

Fig. 8.11 Longitudinal image at the anterior superior iliac
spine (ASIS). The probe has been placed in the sagittal oblique
plane so that it is directed medially to lie over the tendon of
sartorius (yellow arrows). If directed laterally over the tendon of
tensor fascia lata, a similar appearance would be seen.
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Diagnostic Imaging of the Hip: Introduction

Lateral Femoral Cutaneous Nerve and Anterior Hip: Pathology

Inguinal Ligament: Transverse Scan See »Fig. 8.13, > Fig. 8.14, »Fig. 8.15, »Fig. 8.16a,b, and

Immediately medial to the anterior superior iliac spinein  ” Fig. 8.17.

the transverse oblique plane the lateral femoral cutane-
ous nerve may be seen deep to the inguinal ligament as
an ovoid hypoechoic foci (> Fig. 8.12).

Fig. 8.12 Ultrasound image of the anterior superior iliac

spine (ASIS) and the medial inguinal ligament (yellow arrows). Fig. 8.13 Longitudinal image of the anterior aspect of the right
The probe has been placed in the transverse oblique plane so hip joint demonstrating flattening of the femoral head (yellow
that its medial edge lies over the ASIS. Immediately medial arrows) with an associated effusion in the anterior aspect of the
to the ASIS and deep to the inguinal ligament the lateral hip joint (white star). These findings are indicative of marked
cutaneous nerve of the thigh may be seen (black oval). degenerative change. Curved white arrow, acetabulum.

Fig. 8.15 Longitudinal image of the anterior aspect of the
hip joint (here the use of a low-frequency curvilinear probe
has been used). The image demonstrates marked irregularity
of the femoral head (yellow arrows) and a large effusion in
the anterior femoral recess (white stars). These findings are
indicative of advanced degenerative change.

Fig. 8.14 X-ray of anteroposterior (AP) pelvis corresponding
with the ultrasound image in > Fig. 8.13. The X-ray
demonstrates marked degenerative changes within the
right hip joint with complete loss of joint space superiorly,
subchondral cysts, and subchondral sclerosis. Moderate
degenerative changes are noted within the left hip joint.

Fig. 8.16 (a,b) Longitudinal and transverse images, respectively, of the anterior aspect of the hip joint and anterior inferior iliac

spine (AllS). Images demonstrate disruption of the AllS and thickening of the rectus femoris tendon (direct tendon) (yellow arrow). In
addition, an avulsed fragment can be seen within the tendon substance measuring 6 mm in transverse view (white arrowhead). These
findings are in keeping with a partial tear of the rectus femoris tendon and avulsion fracture of the AllS. SA, sartorius.
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8.1.2 Medial
Medial Hip: Longitudinal Scan

The patient is positioned in supine with the leg to be ex-
amined flexed and abducted a few degrees at the hip and
in some external hip rotation (frog-leg position). The knee
should be in a few degrees flexion. The probe is placed in
the anatomical coronal plane so that it lies longitudinally
over the bulk of the adductor muscles and tendons. The
proximal edge of the probe should lie against the inferior
pubic rami. In this position three distinct layers should
be visible with the adductor insertion being visible prox-

Fig. 8.17 Longitudinal image of the anterior inferior iliac imally as a triangular hypoechoic structure (> Fig. 8.18,
spine (AlIS). There appears to be some cortical irregularity of » Fig. 8.19, » Fig. 8.20).

the AlIS (white arrow). In addition, there appears to be marked

thickening and loss of normal echogenicity within the tendon « Superficial: Adductor longus (anterior) and
of rectus femoris (yellow arrow). These findings are in keeping gracilis (posterior).

with an insertional tendinopathy of the right rectus femoris
tendon. SA, sartorius; white arrow, cortical irregularity of the
AlIS; yellow arrow, rectus femoris tendon (direct tendon).

 Intermediate: Adductor brevis.
» Deep: Adductor magnus.

Fig. 8.19 Longitudinal image of the medial aspect of the
hip. The adductor muscles can be seen to form three distinct
layers. With the probe placed just anterior to the midline,

Fig. 8.18 Longitudinal scan of the medial aspect of the hip. the most superficial muscle is adductor longus (AL). If placed
The probe is placed in the anatomical coronal plane to lie more posteriorly, the most superficial muscle is gracilis (GR).
over the midline of the medial thigh and longitudinally over Whether the probe is anteriorly or posteriorly positioned, the
the adductor muscles and tendons. The proximal edge of the next layer is formed by adductor brevis (AB) with the deepest
probe should lie against the inferior pubic rami. layer being formed by adductor magnus (AM). P, pubic rami;

yellow arrows, common adductor tendon.
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Fig. 8.20 Medial sagittal view of the

right hip and medial thigh muscles. The
medial compartment of thigh is one of
the fascial compartments of the leg. The
muscles in the medial compartment are
gracilis, adductor longus, adductor brevis,
and adductor magnus. The obturator
externus and pectineus muscles may also
be considered part of this group although
these are not clearly seen on ultrasound
imaging. The adductor magnus muscle
consists of two parts. The portion which
arises from the ischiopubic ramus is called
the pubofemoral portion or adductor
portion, and the portion arising from

the tuberosity of the ischium is called

the ischiocondylar portion or hamstring
portion. (Reproduced from Schuenke,
Schulte, and Schumacher, Atlas of
Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)
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Medial Hip: Pathology
See » Fig. 8.21.

Fig. 8.21 Longitudinal image of the
medial aspect of the thigh at the origin

of the common adductor tendon.

The tendon appears thickened and

of low echogenicity (yellow arrow) in
keeping with an adductor tendinopathy.
AB, adductor brevis; AL, adductor longus;
AM, adductor magnus; GR, gracilis;

P, pubis; yellow arrow, thickened adductor
tendon.

8.1.3 Lateral trochanter. In this position, it should be possible to visu-
alize the lateral fascia of the thigh overlying the gluteus
Lateral Hip: Longitudinal Scan medius and minimus tendons at their insertion onto the

greater trochanter. It should be noted that although a di-
agnosis of trochanteric bursitis is often given, ultrasound
more commonly demonstrates evidence of a gluteal ten-
dinopathy (> Fig. 8.22, » Fig. 8.23, » Fig. 8.24).

The patient is positioned in side lying with the hips and
knees in flexion. The probe is placed in the anatomical
coronal plane so that it lies longitudinally over the greater

Fig. 8.23 Longitudinal image of the lateral aspect of the

hip. The probe is placed in the coronal plane. The image
demonstrates the superficial subcutaneous fatty tissue (white
arrows) with the lateral fascia of the thigh lying deep to

this (yellow arrows). Deep to this can be seen the gluteus
medius (GM) muscle and gluteus medius tendon (GMT)

Fig. 8.22 Longitudinal scan of the lateral aspect of the hip. attaching to the greater trochanter (GT). The curved arrow
The probe is placed in the anatomical coronal plane to lie in demonstrates the position of the trochanteric bursa. In
longitudinal axis over the greater trochanter. practice this is rarely seen.
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Fig. 8.24 Lateral coronal view of the hip
and thigh. The iliotibial tract or iliotibial
band (ITB) is a longitudinal fibrous
reinforcement of the fascia lata. The action
of the ITB and its associated muscles is

to extend, abduct, and laterally rotate

the hip. In addition, the ITB contributes

to lateral knee stabilization. During knee
extension, the ITB moves anterior to the
lateral condyle of the femur, while at
approximately 30 degrees knee flexion
the ITB moves posterior to the lateral
condyle. It originates at the anterolateral
iliac tubercle portion of the external lip

of the iliac crest and inserts at the lateral
condyle of the tibia at Gerdy’s tubercle.
The figure shows only the proximal and
midportions of the iliotibial tract. The part
of the iliotibial band which lies beneath
the tensor fasciae latae is prolonged
upward to join the lateral part of the
capsule of the hip joint. The tensor fasciae
latae effectively tightens the iliotibial band
around the area of the knee allowing for
bracing of the knee especially in lifting the
opposite foot during normal gait.

The gluteus maximus muscle and the
tensor fasciae latae insert upon the

tract. (Reproduced from Schuenke,
Schulte, and Schumacher, Atlas of
Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)
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Lateral Hip: Transverse Scan

The patient is positioned in side lying with the hips and
knees in flexion. The probe is placed in the anatomical
transverse plane so that it lies over the greater trochanter.
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In this position, it should be possible to visualize the lat-
eral fascia of the thigh overlying the gluteus medius and
minimus tendons at their insertion onto the greater tro-
chanter (> Fig. 8.25, » Fig. 8.26).
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Fig. 8.26 Transverse image of the lateral aspect of the hip.
The probe is placed in the transverse plane over the greater
trochanter. The subcutaneous fatty tissue can be seen to

Fig. 8.25 Transyerse scan of the lateral aspect of the hip. The lie superficially (white arrows). Below this can be seen the
probe is placed in the anatomical transverse plane over the lateral fascia of the thigh (yellow arrows). The tendon of
greater trochanter. gluteus medius can be seen to attach to the middle (GMTm)

and posterior (GMTp) aspect of the greater trochanter (GT).
The tendon of gluteus minimus attaches to the anterior

Lateral Hip: Pathology facet of the trochanter (GminT). Curved arrow, position of
See » Fig. 8.27 trochanteric bursa; GminT, gluteus minimus tendon; GMTm,
ee > rig. 0.2/ gluteus medius middle attachment; GMTp, gluteus medius

posterior attachment; GT, greater trochanter; white arrows,
subcutaneous fat; Yellow arrows, lateral fascia.

8.1.4 Posterior
Posterior Hip: Longitudinal Scan

The patient is positioned in side lying with the hips and
knees in flexion. This allows better visualization of the
ischium. The probe is placed in the anatomical sagit-
tal plane so that it lies longitudinally over the ischium
and common hamstring tendon (> Fig. 8.28, » Fig. 8.29,
»Fig. 8.30).

Fig. 8.27 Longitudinal image of the lateral hip. The

probe has been placed in the coronal plane over the

greater trochanter (GT). Some irregularity is noted on the
greater trochanter (white arrowhead). The gluteus medius
tendon (GMT) appears intact. Overlying the gluteus medius
tendon a low echo swelling (yellow stars) indicates a trochanteric
bursitis. Gmed, gluteus medius muscle; white arrowhead,
cortical irreqularity; yellow stars, trochanteric bursitis.

Fig. 8.28 Longitudinal scan of the ischium and common
Har_nstrings hamstring tendon. The probe is placed in the anatomical
R sagittal plane over the ischium and proximal hamstring

: tendon.

Fig. 8.29 Longitudinal image (extended field of view) of the
ischium (IS) and common proximal hamstring tendon (yellow
arrows). The common tendon is formed from the tendons of
biceps femoris, semimembranosus, and semitendinosus although
the individual tendons cannot be identified. The tendon should
have a uniformly echogenic appearance and demonstrate no
evidence of thickening. GMax, gluteus maximus.

86

EBSCChost - printed on 2/11/2023 2:59 AMvia . Al use subject to https://ww.ebsco. conterns-of-use



Diagnostic Imaging of the Hip: Introduction

Gluteus
minimus

Gluteus
maximus

Piriformis

Gemellus
superior

Obturator
internus

Gemellus
inferior

Ischial
tuberosity

Gracilis

Adductor
magnus

Semitendinosus

Biceps femoris,
long head

Vastus medialis
Sartorius
Gracilis
Adductor longus
Adductor brevis

Sciatic nerve

Gracilis
Semitendinosus

Semimembranosus

Gastrocnemius

(Achilles) tendon

iac crest

Gluteus
medius

Tensor
fasciae latae

Gluteus
maximus

Quadratus
femoris

Adductor
magnus

lliotibial
tract

Femur

Rectus
femoris

Vastus
intermedius

Vastus
lateralis
Biceps
femoris,
short head
lliotibial
tract
Biceps
femoris,
long head

Plantaris

Fibula

Interosseous
membrane

Triceps
surae

- printed on 2/11/2023 2:59 AMvia .

Al use subject to https://ww.ebsco. conterns-of-use

Fig. 8.30 Posterior windowed dissection
of the hip and thigh. The illustration
demonstrates the relationship between
the gluteus maximus, medius, and
minimus muscles. The long head of biceps
femoris arises from the medial facet of
the ischial tuberosity (the short head
arising from the lateral linea aspera, lateral
supracondylar line, and intermuscular
septum). The semitendinosus tendon
arises from the inferomedial impression of
the upper portion of the ischial tuberosity
by way of a conjoint tendon with the long
head of the biceps femoris muscle. The
semimembranosus tendon originates

on the superolateral aspect of the ischial
tuberosity beneath the proximal half

of the semitendinosus muscle. The
semimembranosus tendon runs medial
and anterior to the other hamstring
tendons. Clinically, the biceps femoris

is most commonly injured, followed by
semitendinosus. Semimembranosus
injury is rare. Imaging may be useful in
differentiating the grade of injury serving
as a useful guide to treatment. The deep
muscles of the hip including the obturator
internus, the superior and inferior gemelli,
and quadratus femoris are not easily
visualized with ultrasound. (Reproduced
from Schuenke, Schulte, and Schumacher,
Atlas of Anatomy, 2nd edition, ©2014,
Thieme Publishers, New York. Illustration
by Karl Wesker/Markus Voll.)
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Posterior Hip: Transverse Scan ischium. The probe is placed in the anatomical transverse

plane so that it lies over the ischium and common ham-
The patient is positioned in side lying with the hips and string tendon (> Fig. 8.31, » Fig. 8.32).

knees in flexion. This allows better visualization of the

Fig. 8.31 Transverse scan of the ischium and common
hamstring tendon. The probe is placed in the anatomical

Fig. 8.32 Transverse image of the ischium (IS) and common
transverse plane over the ischium and proximal hamstring

proximal hamstring tendon (yellow arrows). The common

tendon. tendon is formed from the tendons of biceps femoris,
semimembranosus, and semitendinosus although the
R R individual tendons cannot be identified. The tendon should
Posterior Hip: Path0|Ogy have a uniformly echogenic appearance and demonstrate no
. . evidence of thickening as is seen in this image. GMax, gluteus
See > Fig. 8.33 and > Fig. 8.34. e, ? d J

Fig. 8.33 Transverse image of the ischium (IS) which appears

irregular. The common hamstring tendon (yellow arrows) can Fig. 8.34 Longitudinal image of the ischium (IS) and common
be seen to be irregular in keeping with tendinopathy and hamstring tendon (yellow arrows). The tendon demonstrates a
possible partial tear. An anechoic swelling can be seen to loss of normal echogenicity and echogenic foci at the origin of
overlie the tendon (curved arrow). These findings are in keeping the tendon in keeping with tendinopathy and enthesiophytes.
with fluid in the ischial bursa. GMax, gluteus maximus. GMax, gluteus maximus; white arrows, enthesiophytes.
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8.1.5 Symphysis Pubis

The patient is positioned in supine and the probe

is placed in the transverse oblique plane so that it
lies over the anterosuperior aspect of the symphysis
pubis (> Fig. 8.35).

Fig. 8.35 Transverse image of the symphysis pubis. The
probe is placed in the transverse oblique plane over

the anterosuperior aspect of the symphysis pubis. The
fibrocartilage (white star) of the symphysis pubis appears as
an anechoic ‘gap’ between the two pubic crests (PC). The
superior pubic ligament is seen as an echogenic layer arching
over the fibrocartilage from one pubic crest to another (yellow
arrows). White star, fibrocartilage of symphysis pubis; yellow
arrows, superior pubic ligament.

Symphysis Pubis: Pathology
See » Fig. 8.36 and » Fig. 8.37.

Fig. 8.36 Transverse image of the symphysis pubis. The
probe is placed in the transverse oblique plane over the
anterosuperior aspect of the symphysis pubis. The image
demonstrates significant bony irregularity bilaterally at the
pubic bones (white arrows). In addition, the superior pubic Fig. 8.37 Anteroposterior (AP)
ligament appears thickened (yellow arrows). These findings are
in keeping with a chronic osteitis pubis.

|l _
X-ray of the pelvis. The X-ray
is of the same symphysis pubis as outlined in » Fig. 8.36

and demonstrates marked cortical irregularity of both pubic
bones (white arrows) in keeping with a chronic osteitis pubis.
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9 The Hip: Guided Injection Techniques

Abstract

This chapter outlines commonly used injection tech-
niques around the hip joint. The aim is to detail the po-
sition and alignment of the probe and needle to allow
accurate placement into the target tissue. In addition, a
brief clinical presentation is given for each condition as
well as some of the anatomical considerations which
should be noted. The drugs, dosages, and volumes given
are those used in the author’s clinic.

Keywords: hip joint, labrum, psoas bursa, trochanteric
bursa, iliopsoas, rectus femoris, sartorius, tensor fascia la-
tae, gluteus maximus, gluteus medius, gluteus minimus,
ischium, hamstrings, adductors

9.1 Hip Joint Injection
9.1.1 Cause

* Most commonly due to an underlying osteoarthritis.

* A common presentation in the athlete with a femoral-
acetabular impingement (CAM and pincer lesion).

» May be secondary to trauma or overuse.

9.1.2 Presentation

Pain felt in the groin with referral into the anterior thigh
region. Occasionally pain may radiate into the lower lum-
bar region.

If the cause of pain is osteoarthritis, the hip presents in
a classic capsular pattern of restriction with a painful loss
of the following:
» Most internal rotation with a hard end feel.
 Less extension.
 Least abduction.

If the cause of pain is a femoral-acetabular impingement,
pain may be reproduced with flexion, abduction, and in-
ternal rotation of the hip.

9.1.3 Equipment
See »Table 9.1.

Table 9.1 Equipment needed for hip joint injection

Syringe Needle Corticosteroid Local Transducer
anesthetic

10mL  22-gauge 40-mg 5-mL 1% Large
spinal Depo-Medrone lidocaine linear

needle footprint

or curvilin-

ear probe

in larger

patients

9.1.4 Anatomical Considerations

The safest and easiest technique is to use an anterolateral
approach. The clinician need not worry about any major
blood vessels or nerves if this technique is used. The nee-
dle is directed toward the femoral head or the anterior
femoral recess.

9.1.5 Procedure

» The patient is positioned in the supine position with
the knee flexed on a pillow to 20 degrees. The hip is in
slight abduction.

= The probe is positioned over the anterior aspect of the
hip joint in the transverse oblique plane. This should
be in the same plane as the femoral neck and approxi-
mately 45 degrees to the long axis of the femur.

» The needle is directed along the long axis of the probe
from an inferolateral aspect superomedially.

» The target is the anterior aspect of the femoral head or
the anterior femoral recess.

9.1.6 The Injection
See » Fig. 9.1 and » Fig. 9.2.

Fig. 9.1 Hip joint injection. The probe is positioned over the
anterior aspect of the hip joint in the transverse oblique plane.
This should be in the same plane as the femoral neck and
approximately 45 degrees to the long axis of the femur. The
needle is directed along the long axis of the probe from an
inferolateral aspect superomedially. The target is the anterior
aspect of the femoral head or the anterior femoral recess.
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Femoral head

Fig. 9.2 Longitudinal image of the anterior hip joint. The
needle (yellow arrowheads) may be seen entering the capsule
of the hip joint (curved arrow) from the right side of the image.

9.1.7 Notes

Using an anterolateral approach the femoral neurovascular
structures are easily avoided. If there are concerns as to the
position of these vessels, they may be imaged prior to injec-
tion by moving the probe medially and utilizing the Doppler
function. Once the femoral neurovascular structures are
seen, the probe can be moved back into line with the fem-
oral neck and the injection can be given with confidence.

In the patient with mild to moderate osteoarthritis of
the hip, injection may allow sufficient symptomatic relief
to initiate a programme of rehabilitation.

As an alternative to corticosteroid injection a hyaluro-
nan may result in longer-term symptomatic relief. Hyal-
uronan may be of particular benefit in the active patient
with mild degenerative change.

In the patient with a mild femoral-acetabular impinge-
ment, injection of corticosteroid may be sufficient to settle
symptoms so long as other factors such as tightness within
the iliopsoas complex are addressed. In more severe cases of
femoral-acetabular impingement, surgery may be required
to address bony change or damage to the anterosuperior la-
brum. However, even in more severe cases of femoral-ace-
tabular impingement, injection may be of diagnostic benefit
and an indicator of the likely benefit of surgery.

9.2 Psoas Bursa Injection
9.2.1 Cause

Most commonly, an overuse injury particularly associat-
ed with sports and activities involving repeated flexion of
the hip such as cycling.

9.2.2 Presentation

Pain is felt in the groin and anterior thigh and exacer-
bated with abduction and end-range flexion. Signs and
symptoms can be difficult to distinguish from a femoral-
acetabular impingement without imaging.

9.2.3 Equipment
See »Table 9.2.

9.2.4 Anatomical Considerations

The psoas bursa, like many bursae, is not usually clear-
ly visible with ultrasound imaging unless it becomes
pathologically thickened and/or effused. The bursa lies
between the iliopsoas tendon and the anterior aspect of
the head and neck of the femur. It also extends some-
what medially to lie beneath the femoral vein, artery,
and nerve. For this reason, it is essential to utilize ul-
trasound imaging to successfully secure accurate needle
placement.

9.2.5 Procedure

* The patient is positioned in the supine position with
the knee flexed on a pillow to 20 degrees. The hip is in
slight abduction.

» The probe is positioned over the anterior aspect of
the hip joint approximately 20 degrees off the sagittal
plane. This places the probe in a line approximately
halfway between a line drawn along the shaft of the
femur and another along the femoral neck.

* The needle is directed along the long axis of the probe
from an inferolateral aspect superomedially.

» The target is the anterior aspect of the femoral head
and neck deep to the iliopsoas tendons.

Table 9.2 Equipment needed for psoas bursa injection

Syringe Needle Corticosteroid Local Transducer
anesthetic

10mL  22-gauge 20-mg 2-mL 1% Large linear
spinal Depo-Medrone lidocaine  footprint
needle or curvilin-

ear probe

in larger

patients
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9.2.6 The Injection
See »Fig. 9.3 and » Fig. 9.4.

9.2.7 Notes

During injection of the hip, using an anterolateral ap-
proach ensures that the femoral neurovascular structures
are easily avoided. If there are concerns as to the position
of these vessels, they may be imaged prior to injection
by moving the probe medially and utilizing the Doppler
function. Once the femoral neurovascular structures are
seen, the probe can be moved back into position and the
injection can be given with confidence.

Fig. 9.3 Psoas bursa injection. The probe is positioned

over the anterior aspect of the hip joint approximately 20
degrees from the sagittal plane. This places the probe in a line
approximately halfway between a line drawn along the shaft of
the femur and another along the femoral neck. The needle is
directed along the long axis of the probe from an inferolateral
aspect superomedially. The target is the anterior aspect of the
femoral head deep to the iliopsoas tendons but superficial to
the anterior capsule of the hip joint.

9.3 Ischial Bursa/Hamstring
Tendon Origin Injection

9.3.1 Cause

Most commonly, an overuse injury leading to tendinopa-
thy, the mechanism of onset is often associated with sports
and activities such as kicking requiring the hamstring to
function as a decelerator of the leg following forceful quad-
riceps contraction, for example, in either football or karate.

The hamstring origin may also be affected more acute-
ly after a “one-off” forceful contraction of the hamstring
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Differentiation between a psoas bursitis and the more
commonly seen femoral-acetabular impingement is dif-
ficult clinically as presentation and history are likely to be
similar. Imaging should include plain X-ray to assess for
bony change such as the CAM lesion of the femoral head
and associated pincer of the acetabulum. An ultrasound
will identify a thickened or effused psoas bursa. A mag-
netic resonance imaging (MRI) or magnetic resonance ar-
throgram (MRA) should be considered if labral pathology
is suspected and surgical review is being considered.

The clinician should always consider addressing any
muscular imbalance around the hip and pelvis to help
prevent recurrence and increase the likelihood of suc-
cessful outcome. In particular tightness in the hip, flexors
should be addressed.

Fig. 9.4 Longitudinal image of the anterior aspect of the

hip joint. The iliopsoas muscle (IM) may be seen to overlay
the anterior capsule of the hip joint (white arrowheads). The
bursa lies over the anterior capsule (white curved arrow).

The needle (yellow arrow) is directed so that the tip lies
immediately superficial to the capsule. FH, femoral head; long
straight arrow, direction of the needle; short yellow arrows,
anterior femoral recess; white curved arrow, position of the
psoas bursa; yellow arrowhead, anterosuperior labrum; yellow
curved arrow, acetabulum.

muscle associated with simultaneous lengthening of the
muscle, for example, a sliding tackle during football. This
mechanism of injury may also precipitate an avulsion
fracture of the ischium.

An ischial bursitis although uncommon may be caused
following a direct fall onto the buttock.

9.3.2 Presentation

Pain is felt deep in the buttock and exacerbated with re-
sisted knee flexion and passive straight-leg raise of the
leg. Direct palpation of the ischium is normally painful.
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9.3.3 Equipment
See » Table 9.3.

Table 9.3 Equipment needed for ischial bursa/hamstring
tendon origin injection

Syringe Needle Corticosteroid  Local Transducer
anesthetic
5mL 22-gauge 20-mg 2-mL 1% Large linear
Depo-Medrone lidocaine  footprint or
curvilinear
probe
in larger
patients

9.3.4 Anatomical Considerations

The hamstring muscles consist of the bicep femoris,
semimembranosus, and semitendinosus and stem
from a conjoined tendon at their origin at the ischium.
Although ultrasound imaging is able to provide
detailed information in regard to pathological change
involving these tendons, it is not possible to clearly
differentiate them. The ischial bursa lies between the
gluteus maximus and the underlying ischial tuberosity
and in its normal state it is not readily seen on ultra-
sound imaging.

9.3.5 Procedure

» The patient is positioned prone with the hip and knee
of the side to be injected flexed over the side of the
couch facilitating better visualization of the ischium

g": i 4
& N
Fig. 9.5 Ischial bursa/hamstring injection. The probe is
positioned in the sagittal plane over the ischium and the

hamstring tendons. The needle is directed along the long axis
of the probe from an inferior to superior direction.

as it moves in an inferior direction from below gluteus
maximus.

» The probe is positioned in the sagittal plane over the
ischium and the hamstring tendons.

* The needle is directed along the long axis of the probe
from an inferior to superior direction.

» The injection is delivered to the superficial and deep
aspects of the hamstring tendons. If there is a signifi-
cant tendinopathy, then this should be followed with
repeated fenestration of the tendon itself.

« If the target is the ischial bursa, then the injection is
given as a bolus with no need to fenestrate the tendons
themselves.

9.3.6 The Injection
See » Fig. 9.5 and » Fig. 9.6.

9.3.7 Notes

While not the commonest site for tendinopathy the
hamstring origin when it becomes a problem can persist
and be extremely recalcitrant in nature. Injection with
fenestration of the tendon can assist in recovery; how-
ever, treatment must also include a vigorous program of
rehabilitation.

In particular, an imbalance between the quadriceps
and the hamstring should be addressed. It is not uncom-
mon for the athlete to strengthen the quadriceps rela-
tively more than the hamstrings leading to an imbalance
which puts undue stress on the hamstrings which strug-
gle to act in a decelerating mode to control quadriceps
contraction.

Fig. 9.6 Longitudinal image of the ischium (I) and hamstring
tendon (HT) laying deep to the gluteus maximus (GM) muscle.
The needle is directed from an inferior direction toward the
ischium (yellow arrow). Yellow arrow, direction of the needle.
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9.4 Greater Trochanter
Injection

9.4.1 Cause

Pain over the greater trochanter is commonly described
as being due to a trochanteric bursitis. In practice, this is
extremely unusual and pain in this region is more com-
monly due to an insertional tendinopathy of the gluteus
medius tendon with ultrasound demonstrating little evi-
dence of distension of the trochanteric bursa.

Given that pain in the trochanteric region is commonly
due to a tendinopathy, onset is usually related to overuse
and muscle imbalance. This affects not only the athlete,
but is a common presentation in the middle-aged and
older patients.

Pain may also be due to a direct fall onto the lateral as-
pect of the hip. This is more likely to lead to a bursitis.

9.4.2 Presentation

 Pain and tenderness are felt over the greater trochanter.
 In addition, pain may be elicited with resisted abduc-
tion and passive adduction.

9.4.3 Equipment

See »Table 9.4.

Table 9.4 Equipment needed for greater trochanter injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
5mL 22-gauge 20-mg 4-mL 1% Large
Depo-Medrone lidocaine  linear
footprint

Fig. 9.7 Greater trochanter injection. The probe is positioned
in the coronal plane over the greater trochanter. The needle
is directed along the long axis of the probe from a superior to
inferior direction.
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9.4.4 Anatomical Considerations

The gluteus medius tendon inserts onto the middle and
posterior aspect of the greater trochanter with gluteus
minimus inserting onto the anterior aspect. The tro-
chanteric bursa lies over the tendons deep to the lat-
eral fascia of the thigh. In its normal state the bursa is
not visible on ultrasound and only becomes so when
distended.

9.4.5 Procedure

 The patient is positioned in side lying with the affected
side uppermost.

» The probe is positioned in the coronal plane over the
greater trochanter.

* The needle is directed along the long axis of the probe
from a superior to inferior direction.

» The injection is delivered to the superficial and deep
aspects of the gluteus medius tendon. If there is a sig-
nificant tendinopathy, then this should be followed
with repeated fenestration of the tendon itself.

« Ifthe target is the trochanteric bursa, then the injection
is given as a bolus with no need to fenestrate the ten-
dons themselves.

9.4.6 The Injection
See » Fig. 9.7 and > Fig. 9.8.

9.4.7 Notes

Pain in the trochanteric region is a common presentation
in patients following total hip replacement due to inade-
quate postsurgical rehabilitation with subsequent weak-
ness in the gluteal muscles.

Occasionally, a direct fall or blow to the trochanteric re-
gion will result in a hemorrhagic bursitis. If the patient
can be seen promptly, aspiration of the bursa can provide
immediate relief.

Fig. 9.8 Longitudinal image of the greater trochanter (GT)

and gluteus medius (GM) muscle and gluteus medius

tendon (GMT). The needle (yellow arrow) is directed so that the
tip is positioned deep to the lateral fascia (short yellow arrows).
Curved arrow, position of trochanteric bursa; short yellow
arrows, lateral fascia; white arrows, subcutaneous tissue.

Al use subject to https://ww.ebsco. conterns-of-use



EBSCChost -

10 The Knee: Diagnostic Imaging

Abstract

Ultrasound examination of the knee is an accurate and
sensitive imaging modality for many common disorders
around the knee joint. The presence and grade of ten-
dinopathies can be quickly evaluated and changes over
time monitored. Injured ligaments appear swollen and
of altered echogenicity and may be assessed dynamically
for patency. Ultrasound can demonstrate different types
of injury in the peripheral part of the meniscus although
MRI is more sensitive than ultrasound for detection of me-
niscal lesions. Ultrasound is able to demonstrate synovial
thickening and effusion in inflammatory arthropathy and
erosions of the articular surface in degenerative arthritis.
It can be used effectively to monitor changes in the activity
of rheumatoid arthritis in response to treatment and for
grading degenerative arthritis. Ultrasound examination
of the knee should be undertaken using a large foot-print
linear high frequency linear probe (7.5-15 MHz). Findings
can be correlated with the point of maximal tenderness
located with palpation and readily compared with those
obtained in the contralateral joint.

Keywords: knee joint, patellar tendon, quadriceps tendon,
suprapatellar, Hoffa’s fat pad, pes anserine, lateral collat-
eral ligament, medial collateral ligament, meniscus, popli-
teal, semimembranosus, semitendinosus, gastrocnemius

10.1 Diagnostic Imaging of the
Knee: Introduction

The knee may be considered as consisting of four quad-
rants, anterior, medial, lateral, and posterior. Ultrasound
would normally be focused only one or two of these
quadrants depending on the clinical diagnosis.
Imaging includes the following quadrants:
* Anterior
o Patellar tendon.
o Tibial tubercle and deep and superficial infrapatel-
lar bursae.
o Quadriceps muscle and tendon.
o Prepatellar bursa.
o Suprapatellar pouch (for effusion).
o Vastus medialis muscle and medial retinaculum.
* Medial
o Medial collateral ligament (MCL) (includes valgus
stressing if indicated).
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o Medial tibiofemoral joint
meniscus.
o Pes anserine tendons and bursa (if pathological).
 Lateral
o Lateral collateral ligament (including varus stress-
ing if indicated).
o Iliotibial band and bursa (if pathological).
o Lateral tibiofemoral joint space and meniscus.
o Popliteus tendon.
o Proximal tibiofibular joint.
 Posterior
o Semimembranosus and semitendinosus muscle
and tendon.
o Biceps femoris muscle and tendon.
o Medial and lateral gastrocnemius muscles and
tendons.
o Popliteal fossa.
o Popliteal artery and vein.

space and medial

10.1.1 Anterior

Anterior Knee—Infrapatellar:
Longitudinal Scan

The patient is positioned in supine with the knee placed
in 20 to 30 degrees flexion. This puts both the patellar
and quadriceps tendon under some tension allowing bet-
ter visualization of these structures.

The probe is placed in the anatomical sagittal plane so
that it lies over the tibial tuberosity and distal patellar
tendon. The probe is then moved proximally to visual-
ize in turn the proximal patellar tendon, the quadriceps
tendon, and suprapatellar region (> Fig. 10.1, » Fig. 10.2,
»Fig. 10.3).

The infrapatellar fat pad also known as Hoffa’s fat pad
may be seen deep to the patellar tendon and inferior
pole of the patella. This may become painful in a condi-
tion known as fat pad impingement or Hoffa’s disease.
The cause is usually due to single or repetitive traumatic
episodes. The inflamed fat pad becomes hypertrophied
which may lead to further impingement between the
tibia, femur, and inferior pole of the patella. Treatment
should consist of appropriate rehabilitation and, if symp-
toms persist, guided injection.
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The Knee: Diagnostic Imaging

Fig. 10.2 Longitudinal image of the infrapatellar region.

The distal pole of the patella can be seen to the left of the
image (DP). The patella tendon (yellow arrows) can be seen

to be of a good clear fibrillar pattern with no evidence

of tendinopathy. The tibial tuberosity (TT) is of normal
appearance. Hoffa’s fat pad (HFP) can be seen deep to the
patellar tendon. The straight and curved white arrows indicate
where the superficial and deep infrapatellar bursae are located,

Fig.10.1 Longitudinal scan of the infrapatellar region. The respectively, and the curved yellow arrow indicates the
probe is placed so that its distal edge lies over the tibial prepatellar bursa. In the nonpathological state these bursae
tuberosity and its proximal edge over the distal patella. may not be visible. DP, distal patella.

Fig. 10.3 Midsagittal section through the
knee joint. Note the extent to which the
suprapatellar pouch extends proximally
above the patella lying deep to the

Femur quadriceps tendon and suprapatellar fat
Supra- and anterior to the femur and prefemoral
patellar fat. The infrapatellar fat pad also known
pouch — L as Hoffa’s fat pad may be seen deep to
the patellar tendon and inferior pole of
Quadriceps the patella. This may become painful in a
tendon condition known as fat pad impingement
Popliteal or Hoffa’s disease. The cause is usually
artery due to single or repetitive traumatic
Patella and vein episodes. The inflamed fat pad becomes
hypertrophied which may lead to
Prepatellar further impingement between the tibia,
bursa — femur, and inferior pole of the patella.
Patellar Anterior Treatment should consist of appropriate
ligament cruciate rehabilitation and, if symptoms persist,
Infrapatellar ligament guided injection. (Reproduced from
fat pad Schuenke, Schulte, and Schumacher, Atlas

of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)

Anterior inter-
condylar area
Infrapatellar
bursa

Tibia
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Diagnostic Imaging of the Knee: Introduction

patellar and quadriceps tendon under some tension al-
lowing better visualization of these structures.

The probe is placed in the anatomical transverse plane
so that it lies over the tibial tuberosity and then moved in
a proximal direction over the patellar tendon as far as the
distal pole of the patella (> Fig. 10.4, » Fig. 10.5).

Anterior Knee—Infrapatellar:
Transverse Scan

The patient is positioned in supine with the knee po-
sitioned in 20 to 30 degrees flexion. This puts both the

Fig. 10.5 Transverse image of the patellar tendon. The probe
is over the midsubstance of the tendon (yellow arrows). The
tendon can be seen to be of good echogenicity and of normal
thickness at 4 mm (caliper crosses). Hoffa’s fat pad (HFP) can be
seen deep to the tendon.

Fig. 10.4 Transverse scan of the infrapatellar region. The
probe is placed in the transverse plane to lie first over the tibial
tuberosity and then moved in a proximal direction to scan

the patellar tendon and finally its attachment onto the distal
patella.

in the anatomical sagittal plane so that it lies over the
quadriceps tendon and suprapatellar region (> Fig. 10.6,
> Fig. 10.7).

Anterior Knee—Suprapatellar:
Longitudinal Scan

The knee is maintained in 20 to 30 degrees of flexion and
the probe is moved proximally preserving its alignment

Fig. 10.6 Longitudinal image of the suprapatellar region of Fig. 10.7 Longitudinal image of the medial patella

the knee. The quadriceps tendon (yellow arrows) can be seen
to have an intact fibrillar pattern. The loss of echogenicity
within the tendon (white arrowhead) toward its insertion onto
the proximal patella (P) is an example of anisotropy and does
not represent pathology. Deep to the quadriceps tendon and
proximal to the patella is the superior patella fat pad (white
star). The anterior cortex of the femur can be seen to the
bottom left of the image with the prefemoral fat lying above
this (yellow star). The dark area superior to the superior fat pad
represents the suprapatellar pouch (curved arrow).

retinaculum. From imaging the quadriceps tendon, the
probe may be moved into a sagittal oblique orientation
to lie over the medial femoral condyle (MFC), the medial
patella retinaculum (white arrows), and vastus medialis
obliquus (VMO).
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The Knee: Diagnostic Imaging

Anterior Knee—Suprapatellar:
Transverse Scan

The knee is maintained in 20 to 30 degrees of flexion and
the probe is moved proximally over the suprapatellar

Fig. 10.8 Transverse image of the suprapatellar region. The
probe is placed in the anatomical transverse plane over the
quadriceps tendon (oval). Deep to the tendon can be seen the
prefemoral fat (yellow stars). The suprapatellar pouch cannot
be seen as it has been compressed with the action of knee
flexion. The white curved arrow indicates where it lies and
where it would be seen if distended due to pathology.

region in the anatomical transverse plane so that it lies
over the quadriceps tendon and suprapatellar region.

Maintaining the probe in the transverse plan and flex-
ing the knee allows for visualization of the femoral troch-
lea (> Fig. 10.8, » Fig. 10.9, » Fig. 10.10).

Fig. 10.9 Transverse image of the suprapatellar region.

The knee has been fully flexed to allow visualization of the
femoral trochlea (yellow arrows). The anechoic layer over the
femoral trochlea represents the hyaline cartilage covering. The
quadriceps tendon can be seen superior to the trochlea (oval).

Tendon of

rectus femoris

Fig. 10.10 Coronal view of the anterior
aspect of the right knee illustrating the
extensor mechanism and the medial and
lateral supporting ligamentous structures.
The extensor mechanism is a complex
structure formed by quadriceps muscle
and quadriceps tendon, the patella and
patellar tendon. The quadriceps tendon is

insertion of vastus - .
Vast intermedius formed from the four quadriceps femoris
| as ‘IJ,S Vastus muscles. Rectus femoris forming the
ateralis medialis most superficial layer (removed in this
illustration), vastus lateralis and vastus
Tendon of medialis forming the middle layer, and
insertion of

vastus intermedius forming the deepest
layer of the tendon. (Reproduced from

Location Schuenke, Schulte, and Schumacher, Atlas
Lateral trans- of patella of Anatomy, 2nd edition, ©2014, Thieme
verse patellar Medial collateral Publishers, New York. Illustration by Karl
retlnaculurp ligament (tibial Wesker/Markus Voll.)
Le?teral longi- collateral ligament)
tudmafl patellar Medial trans-
retinaculum
verse patellar
Lateral collateral —= = retinaculum
ligament (fibular i i Medial longi-
collateral tudinal patellar
ligament) retinaculum
Head of fibula \ Patellar ligament
|
Tibial
tuberosity
Fibula

Tibia

Interosseous
membrane
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Diagnostic Imaging of the Knee: Introduction

Anterior Knee: Common Pathology

Infrapatellar Region

See »Fig. 10.11, »Fig. 10.12, »Fig. 10.13, »Fig. 10.14,
»Fig. 10.15, »Fig. 10.16, »Fig. 10.17, »Fig. 10.18, and
> Fig. 10.19.

STRESSED

Fig. 10.12 Longitudinal image of the infrapatellar region

of the knee demonstrating a complete loss of the normal
fibrillar pattern of the patella tendon in keeping with complete
rupture. The proximal and distal stumps of the tendon can

be seen (white arrowheads). The double headed yellow arrow
demonstrates a considerable gap between the two stumps. P,

Fig. 10.11 Longitudinal image of a patellar tendon. The knee patella; TT, tibial tuberosity.
has been flexed to place stress through the tendon. However,
the tendon still demonstrates a “wavy-like” appearance within
its lower third (yellow arrows). This appearance is suggestive
of either partial or complete rupture as the tendon lacks firm
anchorage in such cases. In this image the tendon has lost its
normal fibrillar pattern within its deeper portion toward its
attachment on the patella (white arrowhead). These findings
are in keeping with a partial tear of the deeper portion of the
tendon. P, patella; TT, tibial tuberosity.

Fig. 10.14 Longitudinal image of the patella and infrapatellar
region of the knee. The patella tendon (yellow arrows) appears
intact, however, a hybrid anechoic/low echo swelling (white
arrowheads) is seen overlying the lower half of the patella and
upper third of the patellar tendon (note the posterior acoustic
enhancement). The findings are indicative of a prepatellar
bursitis. HF, Hoffa’s fat pad; P, patella; TT, tibial tuberosity.

Fig. 10.15 Longitudinal image of the infrapatellar region of

Fig. 10.13 MRI scan of the sagittal view of the same knee as in the knee in a patient who had sustained a fall onto the knee 10
»Fig. 10.12. The image also demonstrates a complete loss of days prior to examination. The patella tendon (yellow arrows)
the normal fibrillar pattern of the patella tendon. In addition, a appears intact, however, there is a large low echo swelling
large intra-articular effusion is seen. measuring approximately 9 cm in length (white crosses)

superficial to the patellar tendon within the subcutaneous
tissue. With Power Doppler, there was no associated increase
in vascularity. These findings are indicative of a subcutaneous
posttraumatic hematoma. HF, Hoffa’s fat pad; P, patella; TT,
tibial tuberosity; white arrowheads, prepatellar bursitis; white
crosses, subcutaneous hematoma.

929

EBSCChost - printed on 2/11/2023 2:59 AMvia . Al use subject to https://ww.ebsco. conterns-of-use



The Knee: Diagnostic Imaging

Fig. 10.16 Longitudinal image of the proximal patella tendon.
The rectangular box indicates Power Doppler imaging. The
image demonstrates some thickening of the proximal patella
tendon and with Power Doppler in place, there is a clear
neovascularity throughout the tendon. These findings indicate
a proximal patellar tendinopathy, commonly termed “jumper’s
knee.” HF, Hoffa’s fat pad; P, patella; yellow arrows, patella
tendon.

Fig. 10.18 Transverse image of the patella tendon (yellow
ellipse). The tendon is of good echogenicity and appears intact
other than a spherical low echo foci within the lateral aspect
measuring approximately 5 mm in transverse diameter (yellow
crosses). Findings are suggestive of an intrasubstance tear/
cystic degeneration.
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Fig. 10.17 Longitudinal image of the patella and patella
tendon of the knee. The patella tendon (yellow arrows) appears
intact. Large calcified foci may be seen at the distal point of
the patella measuring approximately 1 cm in longitudinal
length (yellow crosses). There is some thickening of the patella
tendon around the foci. Findings indicate a possible old
Sinding-Larsen-Johansson disease. HF, Hoffa’s fat pad;

P, patella; TT, tibial tuberosity; yellow crosses, calcified foci.

'-H'c;f.fa’s fat

Tibial tuberosity

Fig. 10.19 Longitudinal image of the patella tendon outlined
in »Fig. 10.18. The low echo foci (yellow crosses) can be seen
to extend through the tendon approximately 2.8 cm. Yellow
crosses, intrasubstance foci suggestive of a partial tear or
degenerative cystic lesion.
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Diagnostic Imaging of the Knee: Introduction

Anterior Knee: Pathology

Suprapatellar Region

See »Fig. 10.20, »Fig. 10.21, »Fig. 10.22, »Fig. 10.23,
»Fig. 10.24, and » Fig. 10.25.

Fig. 10.21 Longitudinal image of the suprapatellar region of
the knee. The image demonstrates a complete rupture of the
quadriceps tendon (double headed yellow arrow). The distal
stump (white arrowhead) can be seen still attached to the
proximal patella (P). The proximal stump (yellow arrowhead)
appears retracted and contains an avulsed fragment of

bone (white star).

Fig. 10.20 Longitudinal image of the patellar tendon (yellow
arrows). Although the knee has been flexed to stress the
tendon and there appears to be a relatively intact fibrillar
pattern, the tendon itself is of a wavy appearance. This is
highly suggestive of a quadriceps tendon rupture (see > Fig.
10.21). P, patella; TT, tibial tuberosity.

Fig. 10.23 Longitudinal image of the patella tendon (yellow
arrows) in a 56-year-old power lifter. The knee has been placed
in 30 degrees of flexion, however, the tendon still has a wavy-
like appearance suggestive of a quadriceps rupture (see > Fig.
10.24). P, patella; TT, tibial tuberosity.

A N -
Fig. 10.22 X-ray of the knee demonstrated in » Fig. 10.20 and
»Fig. 10.21. The image shows the wavy appearance of the
patella tendon (yellow arrow). Proximal to the patella the bony
fragment may be seen (white star).

Fig. 10.24 Longitudinal image of the extensor mechanism of

the knee. The quadriceps tendon (white arrowheads) appears Fig. 10.25 Transverse image of the suprapatellar region of
discontinuous. A complete rupture of the quadriceps tendon the knee outlined in »Fig. 10.23 and »Fig. 10.24. Thereis a
with retraction of the proximal stump is noted (double headed complete loss of the quadriceps tendon with effusion noted in
yellow arrow). The patella tendon (yellow arrows) can be seen the suprapatellar pouch (white stars).

to have a wavy-like appearance (seen more clearly in » Fig.
10.23). P, patella.
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The Knee: Diagnostic Imaging

Anterior Thigh: Pathology

See »Fig. 10.26, »Fig. 10.27, »Fig. 10.28, »Fig. 10.29,
»Fig. 10.30, and » Fig. 10.31.

Fig. 10.27 Transverse image of the lower third of the thigh.
There is a marked disruption with loss of normal muscle
architecture (dashed line) within the rectus femoris (RF)
muscle. The image is consistent with a tear of the central
region of rectus femoris. > Fig. 10.28 demonstrates how the
tear extends longitudinally through the muscle. F, femur; VI,
vastus intermedius; VL, vastus lateralis; VM, vastus medialis.

Fig. 10.26 Transverse image of the lower third of the thigh.
The four parts of the quadriceps can be seen overlying the
femur (F). This is a normal image. RF, rectus femoris; VI, vastus
intermedius; VL, vastus lateralis; VM, vastus medialis.

Fig. 10.28 Longitudinal image of the lower third of the thigh.
Marked disruption is noted within the rectus femoris (RF)
muscle (dashed line) affecting more its superficial fibers

with the deeper aspect of the muscle appearing relatively
intact. The deeper vastus intermedius (VI) appears intact.
Appearances are consistent with an extensive tear of the rectus
femoris muscle around its central tendon. Dashed line, tear
within rectus femoris.

Fig. 10.29 Transverse image of the lower third of the thigh.
This image is of the same patient as demonstrated in » Fig.
10.27 but taken 1 month later. The area of the tear outlined
in > Fig. 10.27 can still be seen (dashed line) but has filled with
echogenic tissue representing a resolving tear within rectus
femoris (RF). F, femur; VI, vastus intermedius.

Fig. 10.31 Longitudinal image of the lower third of the thigh.
A large low echo intramuscular collection (yellow arrows) is
seen within vastus intermedius (VI) measuring approximately
16 cm longitudinally (white crosses). The overlying rectus

Fig. 10.30 Longitudinal image of the lower third of the femoris (RF) appears intact. The patient described a sudden
thigh. This image is of the same patient as demonstrated in onset of pain following a kicking movement during karate
» Fig. 10.28 but taken 1 month later. The area of the tear can training. The image is in keeping with a significant rupture
still be seen (dashed line) but has filled with echogenic tissue involving the vastus intermedius muscle and subsequent
representing a resolving tear with in rectus femoris (RF). F, collection.

femur; VI, vastus intermedius.
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10.1.2 Medial
Medial Knee Joint: Longitudinal Scan

The patient is positioned in supine with the knee placed
in 80 to 90 degrees of flexion. The probe is placed in
the anatomical coronal plane so that it lies over the
MCL and medial joint line (»Fig. 10.32, »Fig. 10.33,
»Fig. 10.34).

The superficial portion is attached proximally to the
posterior aspect of medial femoral condyle and distally to
the metaphyseal region of the tibia approximately 4 to 5
cm distal to the joint.

The deep MCL is divided into meniscofemoral and
meniscotibial portions inserting directly into the edge
of the tibial plateau and the medial meniscus. While
the superficial portion resists valgus force, the deep
portion does not provide significant resistance to val-
gus force.

Crossing over the lower part of the MCL is the pes an-
serine tendon formed from the tendons of the sartorius,
gracilis, and semitendinosus. A bursa may be interposed
between the MCL and the pes anserine tendon.

ol =

Fig. 10.32 Longitudinal scan of the medial aspect of the

knee joint and medial collateral ligament. The probe in the
anatomical coronal plane so that its proximal edge lies over
the medial femoral condyle and its distal edge over the medial
tibial plateau.

Femv
Quadriceps

femoris \/j\

Medial
epicondyle
Medial

femoral condyle

Femoro-
patellar
joint
Patellar Medial meniscus
ligament
Medial collateral
ligament

Fibula

Medial surface
of tibia

Fig. 10.34 Sagittal view of the medial aspect of the knee
demonstrating the patellar and quadriceps tendons and

the medial collateral ligament (MCL). The MCL is a broad,

flat, membranous band situated slightly posterior on the
medial side of the knee joint. The MCL is composed of both
superficial and deep portions. The superficial portion is
attached proximally to the posterior aspect of medial femoral
condyle and distally to the metaphyseal region of the tibia
approximately 4 to 5 cm distal to the joint. The deep MCL

is divided into meniscofemoral and meniscotibial portions
inserting directly into the edge of the tibial plateau and the
medial meniscus. While the superficial portion resists valgus
force, the deep portion does not provide significant resistance
to valgus force. Crossing over the lower part of the MCL is the
pes anserine tendon formed from the tendons of the sartorius,
gracilis, and semitendinosus. A bursa may be interposed
between the MCL and pes anserine tendon. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas of Anatomy, 2nd
edition, ©2014, Thieme Publishers, New York. lllustration by
Karl Wesker/Markus Voll.)

Fig. 10.33 Longitudinal image of the
medial aspect of the knee. The medial
collateral ligament (yellow arrows) can

be seen to run superficially over the joint
from the medial femoral condyle (FC) to
the medial tibial plateau (TP). The medial
meniscus (white curved arrow) can be
seen as an echogenic triangle below the
medial collateral ligament. Although the
meniscus can be seen with ultrasound and
many peripheral tears may be identified,
subtle tears and tears located more
centrally cannot be seen.
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Medial Knee: Pes Anserine Insertion

The patient is positioned in supine with the knee placed
in 20 to 30 degrees of flexion. The probe is placed in the
sagittal oblique plane over the upper aspect of the me-
dial tibia approximately halfway between the tibial tu-
berosity and the medial collateral ligament (> Fig. 10.35,
»Fig. 10.36).

Fig. 10.35 Longitudinal scan of the pes anserine insertion. The
probe is positioned over the upper medial aspect of the tibia

in the sagittal oblique plane. The proximal edge of the probe is
just distal to the anterior aspect of the knee joint line and the
distal edge medial to the insertion of the patellar tendon onto
the tibial tuberosity.

Medial Knee: Pathology

See »Fig. 10.37, »Fig. 10.38, »Fig. 10.39, »Fig. 10.40,
> Fig. 10.41, » Fig. 10.42, » Fig. 10.43, and » Fig. 10.44.

Fig. 10.37 Longitudinal image of the medial joint line of the
knee. The medial collateral ligament (yellow arrows) can be
seen laying over the joint and appears to be bowed outward
due to extrusion of the underlying medial meniscus (white
curved arrow) and marginal osteophytes (yellow arrowheads).
These findings are in keeping with osteoarthritis of the medial
joint compartment. MFC, medial femoral condyle; MT, medial
tibial plateau.

104

Pes anserine
insertion

Fig. 10.36 Longitudinal image of the pes anserine insertion
onto the upper anteromedial shaft of tibia. The tendon

itself may be seen as a relatively flat fibrillar structure (yellow
arrows). The insertion can be seen to be relatively wide (white
bracket). In the normal state the pes anserine bursa cannot
be visualized. White bracket, pes anserine insertion; yellow
arrows, pes anserine tendon.

Fig. 10.38 Longitudinal image of the medial aspect of the
knee joint. The medial collateral ligament appears intact

and can be seen over the joint line (yellow arrows). There is

no evidence of significant degenerative change. The medial
meniscus (curved white arrow) appears extruded with evidence
of a C-shaped low echo foci within its substance (white
arrowhead). These findings are in keeping with significant
meniscal tear. MRl would be required to further evaluate the
meniscus. MFC, medial femoral condyle; MT, medial tibial
plateau; white arrowhead, meniscal tear.
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Fig. 10.39 Longitudinal image of the medial collateral
ligament of the knee (yellow arrows). The ligament although
appearing patent is significantly thickened at its femoral
attachment (double-headed arrow). The medial meniscus can
be seen deep to the ligament (white curved arrow). These
findings are in keeping with a partial tear (grade 2) and
subsequent fibrosis of the proximal attachment of the medial
collateral ligament. MFC, medial femoral condyle; MT, medial
tibial plateau.

Fig. 10.41 Longitudinal image of the medial aspect of the
knee joint. The medial collateral ligament (yellow arrows)
appears intact and of good fibrillar pattern. There appears

to be some thickening of the medial collateral ligament at

its proximal attachment onto the medial femoral condyle. In
addition, there appears to be an avulsed fragment of bone
within the proximal attachment of the medial collateral
ligament measuring approximately 9 mm longitudinally (white
arrow). MFC, medial femoral condyle.

Fig. 10.43 Transverse image of the superomedial tibia at
the insertion of the pes anserine tendon. The calcific foci
measuring approximately 10 mm (yellow crosses) can be seen
deep to the pes anserine tendon (yellow arrows). Note the
acoustic shadow deep to the calcific foci. With active knee
flexion and extension, the pes anserine tendon could be
seen “flicking” over this prominence eliciting the patient’s
discomfort.

Fig. 10.40 MRI (STIR). The image is of the same knee
demonstrated in » Fig. 10.39. The medial collateral ligament
is thickened and oedematous proximally (white arrows) in
keeping with a grade 2 tear. White crosses, measurement
calipers.

Fig. 10.42 Transverse image of the medial aspect of the knee
at the level of the medial femoral condyle. The image is of the
same knee outlined in »Fig. 10.41. The bony fragment (white
arrow) can clearly be seen measuring approximately 7 mm
transversely .

Fig. 10.44 Anteroposterior (AP) X-ray of the knee outlined
in > Fig. 10.43. The small calcific foci may be seen at the
superomedial aspect of the tibia (white arrow).
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10.1.3 Lateral

Lateral Knee Joint and Lateral Collateral
Ligament—Longitudinal Scan

The patient is positioned in supine with the knee placed
in 80 to 90 degrees of flexion. To view the lateral collateral

Fig. 10.45 Longitudinal scan of the lateral aspect of the knee
and lateral collateral ligament. The probe is placed in the
anatomical coronal plane in alignment with the tibia and fibula.
The distal edge of the probe is placed up against the head of
the fibular and insertion of the lateral collateral ligament.

ligament, the probe is placed in the anatomical coronal
plane so that it lies along the long axis of the tibia and fib-
ula. The distal edge of the probe is placed over the head of
the fibula which can be used as a landmark to find the liga-
ment at its insertion (> Fig. 10.45, » Fig. 10.46, » Fig. 10.47).

Fig. 10.46 Longitudinal image of the lateral aspect of the knee
and lateral collateral ligament (yellow arrows). The ligament
can be seen to be intact with a good fibrillar pattern. There
appears to be a loss of normal echogenicity within the distal
tendon (curved white arrow) at its insertion onto the fibular
head (FH). This does not represent pathology but anisotropy.
LFC, lateral femoral condyle; white curved arrow, anisotropy.

Posterior ligament
of fibular head

Head of fibula \:: !

Fibula

Quadriceps tendon

Fig. 10.47 Sagittal view of the lateral
aspect of the knee demonstrating the
extensor mechanism and the lateral
collateral ligament. The lateral collateral
or fibular ligament is rounded, more
narrow, and less broad than the medial
collateral ligament. The lateral collateral
ligament stretches obliquely downward
and backward from the lateral condyle
of the femur above to the head of the
fibula below. In contrast to the medial
collateral ligament, it is fused with neither
the capsular ligament nor the lateral
meniscus. Because of this the lateral
collateral ligament is more flexible than

Patella

Patellar surface

of femur its medial counterpart and is therefore
less susceptible to injury. Immediately
Lateral deep to the lateral collateral ligament
meniscus at its origin on the femoral condyle is
the groove containing the tendon of
Patellar popliteus. Superficially the greater part
ligament of the lateral collateral ligament’s outer
Anterior surface is covered by the tendon of biceps
ligament femoris which divides at its insertion
of fibular into two parts to wrap around the
head ligament. (Reproduced from Schuenke,
Schulte, and Schumacher, Atlas of
Anatomy, 2nd edition, ©2014, Thieme
Tibial Publishers, New York. Illustration by Karl
tuberosity Wesker/Markus Voll.)
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Lateral Knee Joint—Distal lliotibial Band:
Longitudinal Scan

The patient is positioned in supine with the knee placed
in 80 to 90 degrees of flexion. To view the distal iliotibial
band, the probe is placed in the anatomical coronal plane
so that it lies along the long axis of the femur over the lat-
eral femoral condyle (> Fig. 10.48, » Fig. 10.49, » Fig. 10.50).

Fig. 10.48 Longitudinal scan of the distal iliotibial band. The
probe is placed in the anatomical coronal plane so that it lies
in the same longitudinal axis as the femur and over the lateral
femoral condyle.

Fig. 10.49 Longitudinal image of the distal iliotibial band at
the lateral aspect of the knee. The iliotibial band may be seen
as an echogenic band (yellow arrows) superficial to the vastus
lateralis (VL). As it nears the knee joint, it passes over the
lateral femoral condyle (LFC). In the normal state the iliotibial
bursa cannot be seen.

Biceps
femoris,
long head

Biceps
femoris,
short head

Patellar ligament

Fig. 10.50 Sagittal view of the lateral

Rectus aspect of the knee demonstrating the
femoris relationship of the muscles of the lateral
thigh and lower leg. The tendon of
Vastus biceps femoris divides into two portions
lateralis at its attachment onto the head of the
o fibula embracing the fibular collateral
Itlr'g?tb'al ligament of the knee joint. The iliotibial
band originating from the anterolateral
Patella iliac tubercle portion of the external lip

of the iliac crest inserts at the lateral
condyle of the tibia at Gerdy’s tubercle
anterior to the head of the fibula. The
iliotibial band stabilizes the knee both

Head of fibula Lateral in extension and in partial flexion, and
tibial condyle is therefore used constantly during
walking and running. (Reproduced from
Gastrocnemius, Schuenke, Schulte, and Schumacher, Atlas
lateral head of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)
Fibularis
longus
Tibialis
anterior
Soleus ——2—
Extensor
digitorum longus
Triceps
surae
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Lateral Knee Joint: Popliteus Tendon

The patient is positioned in supine with the knee placed

in 80 to 90 degrees of flexion. To view the popliteus ten-

don, the probe is placed in the anatomical coronal plane

so that it lies along the long axis of the femur over the lat-

eral femoral condyle and lateral knee joint (> Fig. 10.51,
Fig. 10.52).

Fig. 10.51 Longitudinal scan of the popliteus tendon at the
lateral aspect of the knee joint. The probe is placed in the
coronal plane along the long axis of the femur.

Lateral Knee Joint: Proximal

Tibiofibular Joint

The patient is positioned in supine with the knee placed
in 80 to 90 degrees of flexion. To view the proximal tibio-
fibular joint, the probe is placed in the anatomical trans-

verse oblique plane over the anterior aspect of the joint at
the upper aspect of the shin (> Fig. 10.53).

Lateral Knee Joint: Pathology
See » Fig. 10.54 and » Fig. 10.55.

Fig. 10.54 Transverse image of the superior tibiofibular joint.
The image demonstrates a well-defined anechoic swelling
measuring approximately 1.5 cm in diameter extending from
the joint at its anterior aspect (yellow arrows). Findings are
indicative of a ganglion cyst of the superior tibiofibular joint.
Note the posterior enhancement (white arrowhead) generated
by the low density of the overlying cyst. FH, fibular head; PT,
proximal tibia; white curved arrow, superior tibiofibular joint.
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Fig. 10.52 Longitudinal image of the lateral knee joint (white
curved arrow). The tendon of popliteus (gray oval) may be seen
to lie in the groove formed within the lateral femoral condyle.
In this position the tendon is seen in transverse section as

it becomes intra-articular. LFC, lateral femoral condyle; LTP,
lateral tibial plateau; white curved arrow, lateral knee joint and
meniscus; yellow arrows, iliotibial band.

Fig. 10.53 Transverse image of the superior tibiofibular
joint. The probe is placed in the anatomical transverse
oblique plane over the joint. The anterior superior tibiofibular
ligament (yellow arrows) may be seen as an echogenic fibrillar
structure passing between the fibular head (FH) and proximal
tibia (PT). White curved arrow, superior tibiofibular joint.

Fig. 10.55 MRI (Coronal STIR). The image in this picture is of
the same patient demonstrated in > Fig. 10.54. A lobulated
high signal can be seen to extend from the superior tibiofibular
joint in keeping with a likely cyst (yellow arrows).
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10.1.4 Posterior

Posterior Knee Joint: Transverse
Popliteal Fossa

The patient is positioned in prone with the ankle and foot
placed over a pillow so that the knee rests in 20 to 30
degrees of flexion. The probe is placed in the anatomical
transverse plane over the medial aspect of the popliteal
fossa (> Fig. 10.56, » Fig. 10.57, » Fig. 10.58).

Fig. 10.56 Transverse scan of the medial aspect of the
popliteal fossa. The probe is placed in the anatomical
transverse plane. In this position the medial hamstring tendons
semimembranosus and semitendinosus may be visualized as
well as the medial gastrocnemius. Moving the probe more
laterally allows visualization of the lateral hamstring tendon
biceps femoris.

Fig. 10.57 Transverse image of the medial aspect of the
popliteal fossa. The semimembranosus tendon (SM) may

be seen over the posterior aspect of the medial femoral
condyle (MFC). At this level the tendon of semitendinosus
cannot be seen as it has moved more medially on its way

to become part of the pes anserine tendon. The tendon of
the medial gastrocnemius muscle (MGM) can be seen as the
curved echogenic foci next to the semimembranosus tendon.
PA, popliteal artery; white arrows, articular cartilage; yellow
curved lines, medial gastrocnemius tendon.

Semi-
tendinosus

Gracilis

Semi-
membranosus

Tibial nerve

Gastroc-
nemius

Tendinous arch
of soleus

Fig. 10.58 Coronal view of
the right popliteal fossa. The
boundaries of the fossa are formed

Biceps :

f ) by the semimembranosus muscle

emoris . ) .
superomedially, the biceps femoris
muscle superolaterally, the medial head
of gastrocnemius inferomedially, and

Plantaris the Iate.ra.I head of gastrocnemius and
plantaris inferolaterally. The floor of the
fossa is formed by the popliteal surface
of the femur, the capsule of the knee

Common

joint, the oblique popliteal ligament,
and the strong fascia covering the
popliteus muscle. Structures within the
popliteal fossa include the tibial nerve,
popliteal vein and popliteal artery, the
small saphenous vein, and the common
fibular (also known as the peroneal)
nerve. (Reproduced from Schuenke,

fibular nerve

Popliteus

Popliteal artery

and vein Schulte, and Schumacher, Atlas of
Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Soleus Wesker/Markus Voll.)
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The Knee: Diagnostic Imaging

Posterior Knee Joint: Longitudinal degrees of flexion. The probe is placed in the anatomical
sagittal plane along the medial side of the popliteal fossa

to view the tendon of semimembranosus in longitudinal
The patient is positioned in prone with the ankle and foot  aspect (> Fig. 10.59, > Fig. 10.60).
placed over a pillow so that the knee rests in 20 to 30

Popliteal Fossa

Fig. 10.60 Longitudinal image of the medial aspect of the
popliteal fossa. The tendon of semimembranosus (yellow
arrows) can be seen to pass over the posterior aspect of the
medial femoral condyle (MFC) to insert onto the posterior
aspect of the medial tibial plateau (MT). The loss of normal
fibrillar pattern within the tendon toward its insertion is due to
anisotropy (curved arrow). White arrows, articular cartilage.

Posterior Knee Joint: Pathology

See »Fig. 10.61, »Fig. 10.62, »Fig. 10.63, »Fig. 10.64,
»Fig. 10.65, and » Fig. 10.66.

Fig. 10.59 Longitudinal scan over the medial aspect of the
popliteal fossa. The probe is placed in the anatomical sagittal
plane to lie over the tendon of semimembranosus.

Fig. 10.62 Longitudinal image of the medial aspect of the
popliteal fossa. The image is the same as outlined transversely
in>Fig. 10.61. A large anechoic swelling is demonstrated lying
above the medial gastrocnemius muscle (MGM). The image
demonstrates the classic appearance of a Baker’s cyst. White
crosses, measurement calipers.

Fig. 10.61 Transverse image of the medial popliteal fossa.

The medial gastrocnemius tendon can be seen between the
two yellow lines. The semimembranosus tendon (SM) can be
seen to the bottom left of the image. From between these
two tendons may be seen a large anechoic swelling in keeping
with a large Baker’s cyst. The cyst is of typical “speech-bubble”
appearance. MGM, medial gastrocnemius muscle; white
crosses, measurement calipers.
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Fig. 10.63 Axial MRI of the same knee demonstrated in

»Fig. 10.61 and » Fig. 10.62. A high-signal swelling in keeping
with a Baker’s cyst may be seen to extend posteriorly between
the tendons of semimembranosus (yellow arrow) and medial
gastrocnemius (white arrow).

Fig. 10.65 Transverse image of the medial aspect of the
popliteal fossa. A small low echo swelling may be seen to
extend from between the tendon of semimembranosus (SM)
and the medial gastrocnemius tendon (yellow curve). The
image is in keeping with a small Baker’s cyst. MGM, medial
gastrocnemius muscle; white crosses, measurement calipers.

Fig. 10.66 Longitudinal image of the medial aspect of the

popliteal fossa. The image is the same as outlined transversely
in>Fig. 10.65. A small low echo swelling is seen lying above the
medial gastrocnemius muscle (MGM) and tendon (yellow arrows).
The image demonstrates a small resolving Baker’s cyst. The
swelling appears to contain material and not simple fluid most

likely representing a degree of polymerization of hyaluronan and
synovial thickening. White crosses, measurement calipers.

Semi-
membranosus

Baker's cyst

Popliteal
fossa

Medial
head of
gastrocnemius
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Fig. 10.64 Coronal view of the right
popliteal region demonstrating a Baker’s
or popliteal cyst. First described by William
Morrant Baker (1838-1896) this is not a
“true” cyst as an open communication
with the synovial sac of the knee joint is
often maintained. In adults, Baker’s cysts
usually arise from either an arthritis of

the knee joint or meniscal tear. Baker’s
cysts arise from the knee joint passing
posteriorly between the tendons of the
medial head of the gastrocnemius and the
semimembranosus tendons to lay posterior
to the medial femoral condyle. A Baker’s
cyst can rupture producing acute pain and
swelling both behind the knee and into the
calf. (Reproduced from Schuenke, Schulte,
and Schumacher, Atlas of Anatomy, 2nd
edition, ©2014, Thieme Publishers, New
York. lllustration by Karl Wesker/Markus
Voll.)
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11 The Knee: Guided Injection Techniques

Abstract

This chapter outlines commonly used injection tech-
niques around the knee joint. The aim is to detail the
position and alignment of the probe and needle to allow
accurate placement into the target tissue. In addition, a
brief clinical presentation is given for each condition as
well as some of the anatomical considerations which
should be noted. The drugs, dosages, and volumes given
are those used in the author’s clinic.

Keywords: knee joint, patellar tendon, quadriceps tendon,
suprapatellar, Hoffa’s fat pad, pes anserine, lateral collat-
eral ligament, medial collateral ligament, meniscus, popli-
teal, semimembranosus, semitendinosus, gastrocnemius

11.1 Knee Joint Aspiration|
Injection

11.1.1 Cause

e Osteoarthritis, rheumatoid arthritis, or trauma.

11.1.2 Presentation

An effusion may be visible or detected on clinical exam-
ination. The patient may be able to describe an initiating
traumatic event or change in activity which precipitated
an exacerbation of pain and swelling. However, in the
patient with osteoarthritis the patient may be unable to
describe any such mechanism.

11.1.3 Equipment

See »Table 11.1.

Fig. 11.1 Knee joint aspiration/injection. The probe is placed
in the transverse plane over the suprapatellar recess. The
needle is introduced from the lateral to medial in long axis
to the probe. Aim for the suprapatellar recess between the
quadriceps tendon and quadriceps fat pad (superficial) and
prefemoral fat (deep).
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Table 11.1 Equipment needed for knee joint aspiration/
injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
10mL 21 gauge- 40-mg 5-mL 1% Large
2inch Depo-Medrone lidocaine  linear
footprint

11.1.4 Anatomical Considerations

The safest and easiest technique is to use a lateral to me-
dial approach immediately proximal to the superior edge
of the patella. The clinician need not worry about any ma-
jor blood vessels or nerves if this technique is used and
excellent needle visualization is obtained for both aspira-
tion if needed and injection.

11.1.5 Procedure

 Supine with the knee flexed approximately 20 degrees.

 Transducer placed in the transverse plane over the su-
prapatellar recess.

* Needle introduced lateral to medial in long axis to the
transducer.

* Aim for the suprapatellar recess between the quadri-
ceps tendon or quadriceps fat pad (superficial) and
prefemoral fat (deep).

Note: Medial/lateral patellar gliding can improve identifi-
cation of the suprapatellar recess.

11.1.6 The Aspiration/Injection
See »Fig. 11.1 and » Fig. 11.2.

Fig. 11.2 Transverse image of the suprapatellar region of the
knee. The quadriceps tendon may be seen at the top of the
image (shaded oval). The suprapatellar pouch is effused (white
stars). A needle may be seen to enter the suprapatellar pouch
from the lateral side (note the reverberation artefact). Blue
curved arrow, prefemoral fat; shaded oval, quadriceps tendon;
VMO, vastus medialis obliquus; white stars, suprapatellar
effusion; yellow curved arrow, suprapatellar fat.
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11.1.7 Notes

In the case of trauma the possibility of a fracture should
be excluded before an injection is considered. This is par-
ticularly the case in the elderly or osteoporotic patient
who may sustain a fracture in return for a relatively innoc-
uous injury. In the case of the younger patient consider a
meniscal injury, ligamentous damage, or osteochondral
lesion prior to injection.

In addition as in any corticosteroid injection infection
or reactive arthritis should be considered when present-
ed with an effused knee for which the patient can de-
scribe no significant initiating trauma.

If no effusion is present in the suprapateller region it
may be easier to give the injection into the medial mar-
gin of the patellofemoral joint. In this case, the probe is
placed in the transverse plane over the patella and medi-
al patella femoral joint. The needle is introduced in line
with the probe at a 45 degree angle deep to the patella.

In the case of an osteoarthritic knee with no clear ef-
fusion consider injection of a hyaluronan rather than a
corticosteroid.

11.2 Semimembranosus
Bursa/Baker’s Cyst Aspiration|
Injection

11.2.1 Cause

Spontaneous and insidious onset. The Baker’s cyst is of-
ten related to an underlying osteoarthritis of the knee
joint. In the case of a semimembranosus bursa onset may
follow a history of repetitive sporting activity such as re-
peated deep squatting during powerlifting.

11.2.2 Presentation

Swelling in the popliteal fossa may be quite large. More
subtle swellings may only be seen on ultrasound.

11.2.3 Equipment
See »Table 11.2.

Table 11.2 Equipment needed for semimembranosus bursa/
Baker’s cyst aspiration/injection
Needle Corticosteroid Local anesthetic

N/A N/A

Syringe

100r20mL 21 gauge

11.2.4 Anatomical Considerations

A Baker’s cyst is a synovial fluid-filled herniation through
the posterior wall of the knee joint capsule. The cyst can
usually be seen to originate deeply from the posterior
aspect of the joint extending between the tendon of the
medial gastrocnemius medially and the tendon of semi-
membranosus laterally in transverse imaging. Smaller
swellings may represent a distension of the semimem-
branosus bursa in which case there may be no clear ex-
tension more deeply.

11.2.5 Procedure

» The patient is positioned in prone with the knee sup-
ported on a pillow.

» The transducer is placed in the anatomical sagittal
plane.

* The needle is introduced in a line progressing from in-
ferior to superior in the long axis of the transducer.

* Fluid is aspirated from the bursa.

« If injection is also required, the needle may be left in
place and a fresh syringe connected with the injectable
drug.

* Injection is given as a bolus.

11.2.6 The Aspiration/Injection
See »Fig. 11.3 and » Fig. 11.4.

Fig. 11.3 Aspiration/injection of a semimembranosus bursa/
Baker’s cyst. The probe is placed in the anatomical sagittal
plane. The needle is introduced in a line progressing from
inferior to superior in the long axis of the probe. Fluid is
aspirated from the bursa. If injection is also required, the
needle may be left in place and a fresh syringe connected with
the injectable drug.
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Fig. 11.4 Longitudinal image of the medial aspect of the
popliteal fossa. The Baker’s cyst appears as a large well-defined
anechoic swelling laying superficially to the medial head of
gastrocnemius (MHG). The needle direction is indicated by
the yellow arrow and is in an inferior to superior line. Note

the posterior enhancement (arrowheads) which indicate the
swelling is of relatively low density.

11.2.7 Notes

Identify the popliteal artery, veins, and tibial nerve which
should be seen medial to the swelling. The cyst/bursa
may be lobulated and require that the different parts are
targeted. In the case of the semimembranosus bursa cor-
ticosteroid injection may follow aspiration.

It should be noted that a Baker’s cyst is often related
to an underlying osteoarthritis of the knee joint. In such
cases treatment should be directed at the osteoarthritis
as the predisposing factor.

When imaging the popliteal fossa, an accessory fabel-
la (Latin for little bean) may be noted lying within the me-
dial or lateral gastrocnemius tendon. This small sesamoid
bone is a normal variant present in 10 to 30% of patients.
Rarely there may be two to three of these bones (fabella
bi or tripartite). The fabella rarely causes problems un-
less the patient’s occupation or sport involves repeated
end-range flexion and heavy loading of the knee such
as required in powerlifting or weightlifting. In this case
guided injection around the fabella may be of both diag-
nostic and therapeutic benefit.

Although relatively rare, a popliteal artery aneurysm
should always be excluded with the use of Doppler im-
aging. Popliteal artery aneurysms are the most common
true peripheral aneurysm occurring more frequently
than femoral artery aneurysm but less frequently than
abdominal aortic aneurysm.

11.3 Distal lliotibial Band|
Bursa Injection

11.3.1 Cause

» Commonly overuse.
 Often related to long distance running or fell running.
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11.3.2 Presentation

The patient describes pain over the lateral aspect of the
knee which may be diffuse in nature but on palpation
centered over the lateral femoral condyle. If the bursa is
inflamed, there may be a palpable swelling.

11.3.3 Equipment
See »Table 11.3.

Table 11.3 Equipment needed for distal iliotibial band/bursa
injection

Syringe  Needle Corticosteroid  Local anesthetic
5mL 23 gauge - 20-mg 2-mL 1%
1.25 inch Depo-Medrone  lidocaine

11.3.4 Anatomical Considerations

The bursa lies deep to the iliotibial band over the lateral
femoral condyle of the femur. In its normal state it is not
visible on ultrasound.

11.3.5 Procedure

» The patient is positioned in side lying with the symp-
tomatic side up and knee flexed to 20 degrees and sup-
ported on a pillow.

» The transducer is placed in the anatomical coronal
plane so that it lies longitudinally over the iliotibial
band at the level of the lateral femoral condyle.

* The needle is introduced from a superior to inferior
line in the long axis of the transducer.

» The needle tip should be positioned between the ilio-
tibial band and the lateral femoral condyle.

11.3.6 The Injection
See »Fig. 11.5 and»> Fig. 11.6.

11.3.7 Notes

Inflammation and distension of the bursa is unusual.
More commonly the bursa itself cannot be seen on imag-
ing, but the iliotibial band appears thickened suggesting
a more chronic condition. If this is the case, a higher-vol-
ume injection may be given with up to 10 mL to help
stretch and free any adhesions.

As always the patient should be assessed in regard to
any muscle imbalance or tightness of the iliotibial band
itself. In addition, gait analysis should be considered if
foot position is considered an issue.
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Fig. 11.5 Injection of the distal iliotibial band/bursa. The probe
is placed in the anatomical coronal plane over the iliotibial
band at the level of the lateral femoral condyle. The needle is
introduced from a superior to inferior line in the long axis of
the transducer. The needle tip should be positioned between
the iliotibial band and the lateral femoral condyle.

11.4 Pes Anserine Bursa/
Tendon Injection

11.4.1 Cause

* Most commonly overuse.
 Often related to long-distance running.

11.4.2 Presentation

The patient describes pain over the superior medial as-
pect of the tibia at the insertion of the tendons of sarto-
rius, semitendinosus, and gracilis (pes anserine tendons).
There may be some pain on resisted knee flexion. More
commonly the only clinical finding is pain to direct pal-
pation. If the bursa is inflamed, there may be a visible
swelling.

11.4.3 Equipment
See »Table 11.4.

11.4.4 Anatomical Considerations

The pes anserine tendon is a conjoined tendon formed
by sartorius, semitendinosus, and gracilis. It is not pos-
sible to clearly distinguish the individual tendons. The
pes anserine tendon is attached to the superior medial
aspect of the tibia just inferior to the joint line and me-
dial to the tibial tuberosity and patella tendon inser-
tion. The pes bursa is situated deep to the tendon. In
the normal non-pathological state the bursa is not vis-
ible on ultrasound; it becomes visible only if distended
with fluid.
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Fig. 11.6 Longitudinal image of the distal iliotibial band (short
yellow arrows). The lateral femoral condyle (LFC) may be seen
deep to the iliotibial band. The direction of the needle is
indicated by the long yellow arrow. VL, vastus lateralis.

Table 11.4 Equipment needed for pes anserine bursa/tendon
injection

Syringe Needle Corticosteroid  Local anesthetic
5 mL 25gauge - 1inch  20-mg 2-mL 1%
Depo-Medrone lidocaine

11.4.5 Procedure

» The patient is positioned in supine with the knee flexed
to 20 degrees on a pillow. The hip may be slightly ex-
ternally rotated.

* The transducer is placed in the anatomical sagittal/
oblique plane.

* The needle should be introduced from inferior to supe-
rior in the long axis of the transducer.

* The needle tip should be positioned either deep to the
pes anserine tendon or if a bursitis is present within
the bursa itself.

11.4.6 The Injection
See »Fig. 11.7 and » Fig. 11.8.

Fig. 11.7 Pes anserine injection. The probe is placed in the
anatomical sagittal/oblique plane. The needle should be
introduced from inferior to superior in the long axis of the
transducer. The needle tip should be positioned either deep
to the pes anserine tendon or if a bursitis is present within the
bursa itself.
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Fig. 11.8 (a,b) Longitudinal image of the pes anserine tendon (short yellow arrows). The insertion onto the anteromedial tibia may be
seen as a broad attachment. The needle direction is indicated by the long yellow arrow.

11.4.7 Notes

It is unusual for the pes bursa to be distended and there-
fore visible on ultrasound. More commonly there is lit-
tle to see on scanning. If clinical examination points to a
problem with the pes bursa or tendon with little evidence
of change on ultrasound, injection may still be given deep
to the pes tendon with positive results.

11.5 Medial Collateral
Ligament Injection

11.5.1 Cause

» Traumatic valgus strain or twisting injury.

* Acute injuries may be expected to do well with protec-
tive bracing and correct rehabilitation.

« Injection is indicated in more chronic cases which have
not fully resolved.

11.5.2 Presentation

» The patient describes pain over the medial aspect of
the joint.

» Pain may be reproduced with valgus strain or end-
range flexion and extension.

11.5.3 Equipment
See »Table 11.5.

Table 11.5 Equipment needed for medial collateral ligament
injection

Syringe Needle Corticosteroid Local
anesthetic
5mL 25 gauge - 20-mg 2-mL 1%
1inch Depo-Medrone lidocaine
Up to 5 mL if
chronic
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11.5.4 Anatomical Considerations

The medial collateral ligament (MCL) is attached proxi-
mally to the medial femoral condyle and runs distally
over the joint line to attach to the medial aspect of the
upper shaft of the tibia. At the joint line it is approximate-
ly the width of two fingers and is closely related to the
underlying joint capsule and medial meniscus.

11.5.5 Procedure

» The patient is positioned in supine with the knee flexed
to 20 degrees and resting on a pillow. The hip may be
slightly externally rotated.

* The transducer is placed in the anatomical sagittal
plane over the MCL.

* The needle is introduced from inferior to superior in
the long axis of the transducer.

* The needle tip should be positioned deep to the MCL
fibers. Care should be taken not to place the needle too
deeply so as to inject the medial meniscus.

» The injection may be given as a bolus deep to the liga-
ment between its deeper fibres and the medial capsule.
Following this fenestration of the ligament may be car-
ried out if indicated in more chronic cases.

11.5.6 Medial Collateral Ligament
Injection
See » Fig. 11.9 and » Fig. 11.10.

11.5.7 Notes

Acute injuries should be treated with a protective
hinged brace which may be used to restrict flexion of
the knee and protect against valgus and shear forces. In-
jection is reserved for more chronic cases resulting in
a thickened ligament. If this is the case, the injection is
initially given as a bolus deep to the ligament followed
by fenestration of the ligament itself. A vigorous pro-
gram of rehabilitation should be instigated immediately
following injection.
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Fig. 11.9 Injection of the medial collateral ligament. The probe
is placed in the anatomical sagittal plane over the medial
collateral ligament. The needle is introduced from inferior to
superior in the long axis of the probe.

Fig. 11.10 (a,b) Longitudinal image of the medial collateral ligament (short yellow arrows). The medial meniscus (white curved arrow)
may be seen deep to the ligament. The needle direction is indicated by the long yellow arrow.

11.6 Deep and Superficial
Infrapatellar Bursa Injection

11.6.1 Cause

» Traumatic following a fall or blow to the anterior aspect
of the knee.

» May also be related to overuse such as in long-distance
running or excessive kneeling.

11.6.2 Presentation

The patient describes a localized pain over the anterior
aspect of the knee below the patella at the level of the
insertion of the patella tendon onto the tibial tuberosity.
Pain may be reproduced with direct palpation of the area.
Ultrasound can help to differentiate between a deep of
superficial bursa and insertional tendinopathy involving
the patella tendon.

11.6.3 Equipment

See » Table 11.6.
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Table 11.6 Equipment needed for deep and superficial
infrapatellar bursa injection

Local anesthetic

2-mL 1% lidocaine

Syringe Needle Corticosteroid

2mL 25 gauge—

1inch

20-mg
Depo-Medrone

11.6.4 Anatomical Considerations

The deep infrapatellar bursa lies deep to the patella ten-
don just above its attachment onto the tibial tuberosity.
The superficial bursa lies anterior to the patella tendon
at the level of the tibial tuberosity which it helps protect.
In the normal nonpathological state ultrasound may not
demonstrate either bursae which only become apparent
if distended and/or inflamed.

11.6.5 Procedure

 The patient is positioned in supine with the knee flexed
to 20 degrees and resting on a pillow.

» The transducer is placed in the anatomical transverse
plane over the infrapatellar bursa.

* The needle is introduced in the long axis of the
transducer.
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* The needle tip should be positioned with either the
deep or superficial bursa depending on presentation
and imaging.

* Injection is given as a bolus.

11.6.6 The Injection
See »Fig. 11.11.

11.6.7 A. Deep Infrapatellar Bursa

See »Fig. 11.12.

11.6.8 B. Superficial Infrapatellar
Bursa

See » Fig. 11.13.

Fig. 11.11 Injection of the deep and superficial infrapatellar
bursa. The probe is placed in the anatomical transverse

plane over the infrapatellar bursa. The needle is introduced

in the long axis of the transducer. The needle tip should be
positioned with either the deep or superficial bursa depending
on presentation and imaging.

Fig. 11.13 Transverse image of the distal patellar

tendon (short yellow arrows) at its insertion onto the tibial
tuberosity (TT). The needle (yellow arrow) is positioned
superficial to the patellar tendon immediately proximal to its
insertion on to the tibial tuberosity.
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11.6.9 Notes

Care should be taken to avoid injecting the substance of
the patellar tendon itself. The patient should be instruct-
ed to avoid direct pressure against the anterior aspect of
the knee or excessive flexion for at least 1 week follow-
ing injection. A program of vigorous stretching for the
quadriceps muscle and patella tendon should then be
implemented.

The clinician should exclude an infective bursitis if the
superficial bursa is affected given its anatomical position
and vulnerability to puncture wounds particularly in pa-
tients who describe working on their knees.

Fig. 11.12 Transverse image of the distal patellar

tendon (short yellow arrows) at its insertion onto the tibial
tuberosity (TT). The needle (yellow arrow) is positioned deep to
the patellar tendon immediately proximal to its insertion on to
the tibial tuberosity.
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11.7 Popliteus Tendon Sheath
Injection

11.7.1 Cause

* May be traumatic following a twisting injury to the
knee if the foot is fixed such as in football or rugby.

» Often related to overuse in the fell runner or the athlete
who has increased their training on hills.

11.7.2 Presentation

The patient describes a localized pain over the postero-
lateral aspect of the knee related to activities such as run-
ning and twisting during sport. Pain may be reproduced
with resisted external rotation of the lower leg with the
knee flexed to 90 degrees and with direct palpation of the
popliteus tendon as it wraps around the lateral aspect of
the knee joint.

11.7.3 Equipment
See »Table 11.7.

11.7.4 Anatomical Considerations
The popliteus tendon originates on the lateral surface

of the lateral femoral condyle in front of and inferior to

Table 11.7 Equipment needed for popliteus tendon sheath
injection

Syringe Needle Corticosteroid Local anesthetic
2mL 25 gauge - 20-mg 2-mL 1%
1inch Depo-Medrone lidocaine

Fig. 11.14 Injection of the popliteus tendon sheath. The probe
is placed in the anatomical coronal/oblique plane in the same
plane as the popliteus tendon. The needle is introduced from
an anterosuperior to posteroinferior direction in the long axis
of the probe.
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the origin of the lateral collateral ligament and from the
fibular head. In addition, it also has an origin from the
posterior horn of the lateral meniscus. The tendon then
courses under the lateral collateral ligament, descending
into the “popliteal hiatus” where it becomes extra-articu-
lar before joining its muscle belly. It inserts into the tibia
above the soleal line. Given this course the tendon and
muscle both lie in a relatively horizontal plane.

Popliteus assists in flexing the lower leg upon the thigh
when the leg is flexed. It also externally rotates the tibia
on the femur. When the knee is in full extension, the fe-
mur slightly medially rotates on the tibia to lock the knee
joint in place. Popliteus is often referred to as the “key” to
unlocking the knee since it begins knee flexion by exter-
nal rotation of the femur on the tibia.

11.7.5 Procedure

 The patient is positioned in side lying with the affected
knee uppermost and flexed to 20 degrees.

» The transducer is placed in the anatomic coronal/
oblique plane. In the same plane as the popliteus
tendon.

* The needle is introduced from anterosuperior to pos-
teroinferior in long axis to the transducer

* The needle tip should be positioned either deep or
superficial to the popliteus tendon and the injection
should be given as a bolus.

11.7.6 The Injection
See »Fig. 11.14 and » Fig. 11.15.

Fig. 11.15 Longitudinal image of the popliteus tendon as it
passes around the lateral femoral condyle (FC). The tendon
may be seen as an echogenic fibrillar structure (curved arrow).
The straight arrow gives the direction of the needle. Curved
arrow, popliteus tendon.
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11.7.7 Notes

Care should be taken to avoid injecting the substance of
the popliteus tendon itself. The patient is advised to avoid
high impact and twisting activities involving the knee for
at least 1 week following injection. A programme of vig-
orous stretching for the hamstrings muscle should then
be implemented.

11.8 Proximal Tibiofibular
Joint Injection

11.8.1 Cause

» Usually traumatic involving a twisting injury of the
ankle on a flexed knee.

* May be overuse related to long-distance running with
poor unsupportive footwear in an overpronating foot.

11.8.2 Presentation

Pain is localized to the superior tibiofibular joint with
possible referral down the lateral aspect of the lower leg.
Pain may be reproduced with full passive internal rota-
tion of the knee or resisted flexion of the knee.

11.8.3 Equipment

See »Table 11.8.

11.8.4 Anatomical Considerations

The superior tibiofibular joint line runs in a medial di-
rection from superior to inferior. As the peroneal nerve

Fig. 11.16 Injection of the proximal tibiofibular joint. The
probe is placed in the anatomical transverse/oblique line over
the proximal tibiofibular joint line. The needle is introduced
from an inferior to superior line in the short axis of the probe.
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Table 11.8 Equipment needed for proximal tibiofibular joint
injection

Syringe Needle Corticosteroid Local anesthetic

2 mL 25 gauge - 1-mL 1% lidocaine

1inch

20-mg
Depo-Medrone

lies posterior to the joint, injection is best given using an
anterior approach.

11.8.5 Procedure

» The patient is positioned in supine with the knee
slightly flexed and supported on a pillow.

» The transducer is placed in the anatomical transverse/
oblique line over the proximal tibiofibular joint line.

* The needle is introduced from an inferior to superior
line in the short axis of the transducer.

It is helpful to use a “walk-down” technique gently
“walking” the needle tip along the anterior surface of
the fibular head until the needle is felt to pierce the
capsule and enter the joint. The injection is then given
as a bolus.

11.8.6 The Injection

See »Fig. 11.16 and » Fig. 11.17.

11.8.7 Notes

Particular attention should be given to the patient’s gait
especially if the problem is related to running. Careful gait
analysis will ensure that the patient has the correct foot-
wear for his/her foot type and help prevent recurrence of
problems.

Fig. 11.17 Transverse image of the proximal tibiofibular

joint. The anterior superior tibiofibular ligament may be seen
superficially (short yellow arrows). The joint is shown deep to
this (curved arrow). The straight arrow indicates the direction
of the needle. FH, fibular head; PT, proximal tibia; white curved
arrow, superior tibiofibular joint.
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11.9 Patellar Tendon—
Fenestration and Injection of
Autologous Blood

11.9.1 Cause

» Commonly overuse.

 Particularly a problem with jumpers and sprinters and
activities involving explosive acceleration and contrac-
tion of the quadriceps muscle.

11.9.2 Presentation

The patient is able to locate the pain to the inferior pole
of the patella and origin of the patella tendon. Pain may
be reproduced by direct palpation of this area and with
strong contraction of the quadriceps muscle.

11.9.3 Equipment

See »Table 11.9.

11.9.4 Anatomical Considerations

The patella tendon takes its origin from the inferior pole
of the patella. At this point it is approximately two to
three fingers wide. It is at this point that the tendon is
commonly affected the so called “jumper’s knee.” This
is not an inflammatory condition and ultrasound will
demonstrate evidence of tendinopathic change with ten-
don thickening, loss of normal echogenicity, and neovas-
cularity depending on the individual. These changes are
frequently seen in the deeper portion of the tendon.

Fig. 11.18 Injection of the patellar tendon—autologous blood.
The probe is placed in the anatomical sagittal plane over the
patellar tendon. The needle is introduced from inferior to
superior in the long axis of the probe.
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Table 11.9 Equipment needed for patellar tendon—fenestration
and injection of autologous blood

Syringe Needle Corticosteroid Local
anesthetic
5mL 23 gauges — N/A 4-mL 1%
1.25inch lidocaine

11.9.5 Procedure

» The patient is positioned in supine with the knee flexed
to 20 degrees and supported on a pillow.

» About 2 mL of blood is taken from the patient’s ante-
cubital fossa.

» The transducer is placed in the anatomical sagittal
plane over the patellar tendon.

* The needle is introduced form inferior to superior in
the long axis of the transducer.

» The needle should be used to repetitively fenestrate the
entire region of tendinopathic change identified with
ultrasound slowly injecting blood.

Note: Injection of local anesthetic superficial and deep to the
patellar tendon may be administered prior to fenestration.

11.9.6 Fenestration and Injection of
Autologous Blood
See »Fig. 11.18 and » Fig. 11.19.

11.9.7 Notes

The patient should be advised on avoidance of high-im-
pact loading of the tendon for 2 weeks post injection.
Low-impact loading such as a stationary bicycle and gen-
tle stretching should be commenced after 2 to 3 days. The
injection may be repeated after 1 month.

Fig. 11.19 Longitudinal image of the proximal patellar
tendon (PT). The straight arrow indicates the direction of the
needle. HF, Hoffa’s fat pad; PAT, patella.
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11.10 Patellar Tendon—High-
Volume-Guided Injection

11.10.1 Cause

» Commonly overuse.

* Particularly a problem with jumpers and sprinters and
activities involving explosive acceleration and contrac-
tion of the quadriceps muscle.

11.10.2 Presentation

The patient is able to locate the pain to the inferior pole
of the patella and origin of the patellar tendon. Pain may
be reproduced by direct palpation of this area and with
strong contraction of the quadriceps muscle.

11.10.3 Equipment

See » Table 11.10.

Table 11.10 Equipment needed for patellar tendon—high-
volume-quided injection

10 mL (up 23 gauge - 20-mg 5-mL 1% lido-
to 5syringes  1.25inch Depo-Medrone caine and up to
may be 40-mL normal
required) saline

Fig. 11.20 Syringes, connecting tubing, and 23-gauge needle
ready for use.
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The use of connecting tubing (Angiotech-Connecting
Tube/LP OWS/Female-Male) allows the clinician to hold
the needle in place under ultrasound guidance while an
assistant provides the pressure necessary to adminis-
ter the injection without direct pressure on the needle.
The use of connecting tubing also allows the assistant to
change syringes over without disturbing the needle posi-
tion (> Fig. 11.20, » Fig. 11.21).

11.10.4 Anatomical Considerations

The patellar tendon takes its origin from the inferior
pole of the patella. At this point it is approximately two
to three fingers wide. It is at this point that the tendon
is commonly affected the so-called “jumper’s knee.” This
is not an inflammatory condition and ultrasound will
demonstrate evidence of tendinopathic change with ten-
don thickening, loss of normal echogenicity, and neovas-
cularity depending on the individual. These changes are
frequently seen in the deeper portion of the tendon.

11.10.5 Procedure

» The patient is positioned in supine with the knee flexed
to 20 degrees and supported on a pillow.

» The transducer is placed in the anatomical transverse
plane over the proximal patellar tendon.

* The needle is connected to the connecting tubing and
introduced from a medial to lateral line in the long axis

Fig. 11.21 Syringe connected to 23-gauge needle via
connecting tubing.
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of the transducer. The needle should be placed deep to
the posterior surface of the patellar tendon between
the tendon and fat pad.

* The first syringe containing corticosteroid and local anes-
thetic is connected to the tubing and injected as a bolus.

« Following this the remaining syringes containing nor-
mal saline are connected sequentially to the tubing and
injected as a bolus.

* In total, the injection consists of 20-mg Depo-Medrone,
5-mL 1% local anesthetic and up to 40-mL normal saline.

Fig. 11.22 Injection of the patellar tendon—high-volume
injection. The probe is placed in the anatomical transverse plane
over the proximal patellar tendon. The needle is introduced
from a medial to lateral line in the long axis of the probe. The
needle should be placed deep to the posterior surface of the
patellar tendon between the tendon and Hoffa’s fat pad.

Fig. 11.24 Preinjection: Power Doppler demonstrating
extensive neovascularity within the proximal patellar tendon.
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11.10.6 High-Volume Saline
Injection
See »Fig. 11.22, » Fig. 11.23, » Fig. 11.24, and » Fig. 11.25.

11.10.7 Notes

Postinjection the patient is advised on relative rest for
3 days. During this time the patient is allowed to carry
out gentle stretching but no excessive loading of the
tendon. Following this 3-day period the patient can
restart a programme of more vigorous eccentric loading
for further 3 days but no sport. Following this second
period the patient is allowed a gradual return to sport
as pain allows. The injection may be repeated after 1
month if required.

Fig. 11.23 Transverse image of the proximal patellar
tendon (PT). The straight arrow gives the direction of the
needle. HF, Hoffa’s fat pad.

Fig. 11.25 Postinjection: Power Doppler demonstrates
complete absence of neovascularity within the proximal
patellar tendon.
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12 The Ankle and Foot: Diagnostic Imaging

Abstract

Given the superficial location of many structures around
the ankle and foot, ultrasound examination together with
plain X-rays may now be considered to be the “first-line”
technique for imaging many patients with ankle and foot
pathologies. Recent advances in ultrasound technology,
including developments of high-resolution probes and
enhanced software capabilities, have led to an improve-
ment in image quality. In addition, ultrasound is particu-
larly useful in allowing dynamic assessment of structure
including ligament patency.

Due to the superficial position of most ankle and foot
structures ultrasound examination should be undertaken
with a high frequency probe of (12-18 MHz). A large foot-
print linear probe gives better anatomical resolution; how-
ever, a smaller footprint “hockey stick” probe should also be
available for smaller structures and for interventional work.

Keywords: talocrural, subtalar, midfoot, forefoot, metatar-
sophalangeal, anterior talofibular, calcaneofibular, ante-
rior inferior tibiofibular, calcaneocuboid, Achilles, plantar
fascia, tibialis posterior, flexor digitorum longus, flexor
hallucis

12.1 Diagnostic Imaging of the
Ankle and Foot: Introduction

The ankle may be considered as consisting of four quad-
rants, anterior, medial, lateral, and posterior with the foot
being considered separately. Ultrasound would normally
be focused only one or two of these quadrants or the foot
depending on the clinical diagnosis.

Imaging of the ankle and foot includes the following:
= Anterior

o Tibialis anterior muscle and tendon.

o Extensor hallucis longus muscle and tendon.

o Extensor digitorum longus muscle and tendon.

o Deep peroneal nerve and dorsalis pedis artery.

o Talocrural joint including anterior joint recess.

o Anterior tibiofibular ligament.

o Talonavicular joint.

o Navicular-cuneiform and intercuneiform joints.

o Tarsometatarsal joints.
* Medial

o Posterior tibialis muscle and tendon.

o Flexor digitorum longus muscle and tendon.

o Flexor hallucis longus muscle and tendon.

o Posterior tibial nerve and medial and lateral plantar

nerves.

o Tibial artery and veins.
« Lateral

o Peroneus longus and brevis muscle and tendon.
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o Anterior talofibular ligament (including dynamic
stressing—the sonographic draw test—as indicated).
o Calcaneofibular ligament.
o Calcaneocuboid joint.
 Posterior
o Achilles tendon and insertion.
o Posterior calcaneum.
o Gastrocnemius and soleus muscles and musculo-
tendinous junctions.
o Plantaris tendon (may be absent).
o Retrocalcaneal bursa.
o Kager’s fat and posterior aspect of tibiotalar joint (os
trigonum if present).
* Inferior
o Plantar fascia origin at anteromedial calcaneal tu-
bercle (including dynamic stressing).
* Interdigital
o Dynamic scanning for a Morton’s neuroma if pres-
ent (ultrasonographic Mulder’s click test).
o Intermetatarsal bursa (if present).
* Digital
o Assess for synovitis, dorsal, and/or plantar.
o Dorsal aspect of the metatarsophalangeal joints in-
cluding metatarsal recess.
o Plantar aspect of metatarsophalangeal joints in-
cluding plantar plate.
o First metatarsophalangeal joint including sesamoid
bones.
o Interphalangeal joints as indicated.

12.1.1 Anterior

Anterior Ankle Joint: Longitudinal Scan

The patient is positioned in supine with the knee flexed
to approximately 90 degrees of flexion and the foot
placed on the couch so that it lies in a plantar flexed posi-
tion. This facilitates both a better visualization of the talar
dome and allows a better contact of the probe with the
ankle. The probe is placed in the anatomical sagittal plane
so that it lies over the anterior aspect of the talocrural
joint (> Fig. 12.1, » Fig. 12.2, » Fig. 12.3).

Anterior Ankle Joint: Transverse Scan

The patient is positioned in supine with the knee flexed
to approximately 90 degrees flexion and the foot placed
on the couch so that it lies in a plantar flexed posi-
tion. This facilitates a better visualization of the talar
dome. The probe is placed in the anatomical transverse
plane so that it lies over the anterior aspect of the talar
dome (> Fig. 12.4, » Fig. 12.5, » Fig. 12.6).
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Fig. 12.2 Longitudinal image of the anterior aspect of the
talocrural joint and talus. The image demonstrates the anterior
edge of the tibia (Tib), the talar dome (TD) and articular
cartilage (white arrows), the head of the talus (HT), and the
anterior talar recess (white star). The anterior talocrural capsule
can be seen to extend over the talar dome and anterior

Fig. 12.1 Longitudinal scan of the anterior aspect of the ankle recess (yellow arrows).

joint. The probe is placed in the anatomical sagittal plane over

the talocrural joint. The foot is in a plantar flexed position to

allow better visualization of the talar dome and facilitate a

good contact of the probe with the ankle. The probe should be

moved from medial to lateral to fully examine the whole joint.

Neck
Head of
talus
of
talus Body of talus
Proximal
halanx First : .
gfgreat metatarsal Navicular Medial
h tubercle | posterior
¢ rocess
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cuneiform ulum tali
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of great toe Medial process of
calcaneal tuberosity

Fig. 12.3 Sagittal view of the medial aspect of the right ankle and foot. The sustentaculum tali may be seen immediately below

the body of the talus. It is a horizontal shelf that arises from the anteromedial portion of the calcaneus. The superior surface is
concave and articulates with the middle calcaneal surface of the talus. The inferior surface has a groove for the tendon of flexor
hallucis longus. The navicular tuberosity forms a rounded eminence on the medial surface of the navicular bone anterior to the
talus giving attachment to a part of the tendon of the tibialis posterior muscle. An accessory bone known as an os naviculare
accessorium (also known as an os tibiale externum) is a large accessory ossicle that can be present adjacent to the medial side of the
navicular tuberosity. The tibialis posterior tendon often inserts with a broad attachment into the ossicle. An os naviculare is present
in approximately 10% of the population and more common in female patients. The medial cuneiform (also known as first cuneiform)
is the largest of the cuneiforms situated anterior to the navicular bone and posterior to the base of the first metatarsal. The tibialis
anterior and peroneus longus tendon inserts onto the medial cuneiform bone. (Reproduced from Schuenke, Schulte, and Schumacher,
Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York. lllustration by Karl Wesker/Markus Voll.)
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Fig. 12.5 Transverse image of the ankle at the level of the
talar dome (TD). The most medial tendon is that of tibialis
anterior which can be seen to advance in a medial direction
toward its insertion onto the medial cuneiform and base of the
first metatarsal. The next tendon is that of extensor hallucis
longus (EHL). The most laterally placed tendon is that of
extensor digitorum longus (EDL) which if followed distally may

Fig. 12.4 Transverse scan of the anterior aspect of the ankle
joint. The probe is placed in the anatomical transverse plane
over the talocrural joint and the talar dome. The probe should
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be moved from proximal to distal to fully assess the lower tibia,
talocrural joint, and the talar dome in turn.

be seen to split into four slips to insert into dorsal aponeuroses

and the bases of the distal phalanges of the second through
fifth toes. Lying between and deep to the tendons of EHL

and EDL is found the anterior tibial artery (A) and the deep
peroneal nerve (yellow circle). TA, tibialis anterior tendon; white
arrows, articular cartilage over the talar dome.

Fibularis
longus

Extensor ——
digitorum longus

Triceps surae
Tibialis
anterior
Tibia

Extensor
hallucis longus

Fig. 12.6 Coronal view of the anterior
aspect of the ankle and foot demonstrating
the tendon sheaths and retinacula. From
medial to lateral the order of tendons

is tibialis anterior, flexor hallucis longus,
and flexor digitorum longus. The superior
extensor retinaculum binds down the
tendons of extensor digitorum longus,
extensor hallucis longus, fibularis

tertius (also known as peroneus tertius),
and tibialis anterior as they descend on the

Fibularis front of the tibia and fibula. Under it are also
brevis found the anterior tibial vessels and deep
peroneal nerve.
Superior The inferior extensor retinaculum is a
extensor Medial Y-shaped structure placed in front of
retinaculum malleolus the ankle joint. The stem of the Y is

Lateral
malleolus

Inferior extensor

attached laterally to the upper surface of
the calcaneum anterior to interosseous
talocalcaneal ligament. It is directed

retinaculum - ; .
) ) medially as a double layer with one lamina
F|bu|ar!s Tendon passing in front of and the other behind
brevis sheath the tendons of the peroneus tertius and
Fibularis tertius Extensor extensor digitorum longus. At the medial

(variable)

Tuberosity of
fifth metatarsal

hallucis brevis

Extensor
digitorum brevis

border of the tendon of extensor digitorum
longus the two layers join together forming
a compartment in which the tendons are
enclosed. From the medial edge of the

Extensor extensor digitorum longus tendon the
Abductor digitorum longus ~ two limbs of the Y diverge. One is directed
digiti minimi Interossei proximally and medially to be attached
to the medial malleolus, passing over the
Extensor extensor hallucis longus but enclosing the

hallucis longus
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tibialis anterior by splitting of its fibers. The
second limb of the Y extends distally and
medially to be attached to the border of
the plantar aponeurosis passing over the
tendons of the extensor hallucis longus
and tibialis anterior. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. Illustration by Karl
Wesker/Markus Voll.)
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Anterior Midfoot: Longitudinal Scan

The patient is positioned in supine with the knee flexed
to approximately 90 degrees of flexion and the foot
placed on the couch so that it lies in a plantar flexed po-
sition. This facilitates a better visualization of the midfoot
region and fixes the foot in a stable position. The probe

Talar dome

Fig. 12.7 Longitudinal image of the medial aspect of the
midfoot. The talar dome may be seen to the left of the image.
The head of the talus (HT) articulates with the navicular (NAV)
at the talonavicular joint (yellow arrowhead). The navicular may
be seen to articulate with the medial cuneiform (Medcun) to
the right of the image (white arrowhead).

is initially placed in the anatomical sagittal plane so that
it lies over the dorsum of talonavicular and navicular cu-
neiform joints. Moving the probe from medial to lateral
allows visualization of the medial, middle, and lateral cu-
neiform bones and their articulation with the navicular.
If the probe is moved distally, the tarsometatarsal joints
may be seen (> Fig. 12.7, » Fig. 12.8, » Fig. 12.9).

Medcun

Fig. 12.8 Longitudinal image of the medial aspect of the
midfoot. In this image the probe has been moved distally
from the image outlined in » Fig. 12.7. The navicular (NAV)
may be seen to the left of the image. The white arrowhead
indicates the navicular medial cuneiform joint. The medial
cuneiform (Medcun) may be seen to articulate with the base
of the first metatarsal (MT1) at the first tarsometatarsal
joint (curved yellow arrow).
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Head
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First meta- | gp ot
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Base — L. ) W
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Head of : - = A
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Talus { Neckof N . N )
talus ' R\
Body of f
talus l
r I /
i3
Calcaneal tuberosity

Fig. 12.9 Transverse view of the superior
aspect of the bones of the right foot
and ankle. The midfoot is composed
of five of the seven tarsal bones, the

Distal phalanx navicular, cuboid, and the three cuneiform

of little toe bones. These can be thought of as
Middle phalanx being arranged in two irregular rows
of little toe with the cuboid occupying space in
both rows. The proximal row contains
Proximal the navicular (on the medial side of
phalanx the foot) and the cuboid (on the lateral
of little toe side). The distal row contains the three
cuneiforms (medial, intermediate, and
lateral) and the cuboid (lateral to the
lateral cuneiform). The boundary between
the midfoot and forefoot consists of the
five tarsometatarsal joints. The medial,
intermediate, and lateral cuneiforms
articulate with the first, second, and
third metatarsals, respectively. The
lc'it:er;lorm cuboid articulates with the fourth and
fifth metatarsals. In addition, there are
. also multiple joints within the midfoot
Tuberosity of itself. The distal row of the midfoot has
fifth metatarsal two intercuneiform joints (between
Cuboid adjacent cuneiforms) and a cuneocuboid
joint (between the lateral cuneiform
and the cuboid). Proximally the three
cuneiforms articulate with the navicular
bone (the cuneonavicular joints). In
Calcaneus some individuals, there is also a small

articulation between the cuboid and
navicular. (Reproduced from Schuenke,
Schulte, and Schumacher, Atlas of
Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)
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plane so that it lies longitudinally over the anterior aspect
of the lateral malleolus and anterior distal tibia. The lig-
ament may be assessed dynamically by maintaining the
probe position while the patient’s foot is passively dor-
siflexed placing stress through the ligament as the wider
anterior talar dome enters the ankle mortise (> Fig. 12.10,

Anterior Ankle: Anterior Tibiofibular
Ligament

The patient is positioned in supine with the foot over
the edge of the couch. This allows the clinician to move
the foot to stress the ligament and assess for patency.
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The probe is placed in the anatomical transverse oblique

Fig. 12.10 Longitudinal scan of the anterior tibiofibular
ligament of the ankle. The probe is placed in the anatomical
transverse oblique plane so that its lateral edge is over the
anterior aspect of the lateral malleolus. The more medial edge
of the probe is angled so that it is in a more superior position.

Anterior Ankle Joint and Foot: Pathology

See » Fig. 12.12, » Fig. 12.13, » Fig. 12.14a-c; » Fig. 12.15a,b;
»Fig. 12.16a-c.

Fig. 12.12 Longitudinal image of the midfoot and the

lateral cuneiform (LC) and third metatarsal (MT3) joint. The
image demonstrates marked cortical irregularity of both the
cuneiform and base of the third metatarsal in keeping with
osteophytosis (white arrowheads). In addition, there appears
to be some soft tissue hypertrophy of the joint (curved arrow).
These findings are in keeping with marked osteoarthritic
change of the joint.

»Fig. 12.11).

Fig. 12.11 Longitudinal image the anterior tibiofibular
ligament of the ankle. The ligament (yellow arrowheads) may
be seen as an echogenic band of fibrillar pattern extending
from the lateral malleolus (LM) medially to the anterior aspect
of the distal tibia. In this image the foot has been placed

in dorsiflexion to place stress through the ligament which
appears taught. Some fluid (white star) is noted deep to the
ligament in this patient who had recently twisted the ankle LM,
anterior aspect of the lateral malleolus; white star, fluid deep
to ligament; yellow arrowhead, anterior tibiofibular ligament
of the ankle.

Fig. 12.13 Longitudinal image of the midfoot and middle
cuneiform (MC) and second metatarsal (MT2) joint. There

is a significant degenerative change within the joint with

an associated soft tissue hypertrophy (curved arrow) and
osteophyte (white arrowhead). The image demonstrates a
guided injection into the joint with the needle being advanced
from distally to proximal from the right side (yellow arrows).
Yellow arrows indicate the needle.
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Diagnostic Imaging of the Ankle and Foot: Introduction

Fig. 12.14 (a) Longitudinal image of the tendon of tibialis anterior (TA) over the anterior aspect of the ankle joint. The tendon is of
good fibrillar pattern and appears echogenic other than a longitudinal intrasubstance region (curved arrow) suggestive of a possible
intrasubstance tear. There is, however, both an effusion (white star) and synovial thickening (yellow arrows) within the tendon sheath in
keeping with a tenosynovitis. (b) Transverse image of the tendon of tibialis anterior (TA) demonstrated in part (a). The tendon in this
image appears intact with no evidence of intrasubstance pathology. There is, however, significant effusion around the tendon (white
star) and synovial thickening (yellow arrows). In addition, in this image Power Doppler demonstrates an active synovitis in keeping with
tenosynovitis. (c) Transverse image of the tendon of tibialis anterior (TA) as demonstrated in parts (a) and (b). In this image a needle
has been introduced into the tendon sheath in short axis (white arrow) prior to injection of corticosteroid into the sheath. Curved
arrow, loss of normal intrasubstance fibrillar pattern; white arrow, needle; white star, fluid within tendon sheath; yellow arrows,
synovial thickening.
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The Ankle and Foot: Diagnostic Imaging

Fig. 12.15 (a) Longitudinal image of the tendon of tibialis anterior (TA) over the anteromedial aspect of the ankle. The tendon appears
intact at this level; however, it has a “wavy-like” appearance despite the tendon being placed in a stretched position (yellow arrows).
This is strongly suggestive of a rupture more distally (see part[b]). (b) Longitudinal image of the tendon of tibialis anterior (TA) over its
distal portion close to its insertion onto the navicular tubercle and medial cuneiform. The image is of the same tendon as in part (a).
There appears significant discontinuity within the tendon with retraction and bunching of the tendon proximally (curved arrows). In
addition, there appears posterior enhancement behind the retracted tendon (white arrowheads) indicating a loss of tendon density.
Distally there is a loss of normal tendon architecture (white arrows). The image is in keeping with a rupture of tibialis anterior toward
its insertion.

Fig. 12.16 (a) Transverse image of the dorsal aspect of the midfoot region. The image demonstrates a lobulated anechoic swelling
measuring approximately 4 cm transversely. Note the posterior enhancement (yellow arrows). These findings are typical of an
arthrosynovial cyst/ganglion. (b) Transverse image of the dorsal aspect of the midfoot. The image is the same as demonstrated in
part (a). A needle may be seen within the ganglion which is being aspirated (curved arrow). (c) Transverse image of the dorsal aspect
of the midfoot. The image is the same as demonstrated in parts (a) and (b). The image shows the ganglion decreasing in size as
aspiration continues (curved arrow). Curved arrow, needle being used to aspirate ganglion.
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12.1.2 Medial

Medial Ankle Joint: Transverse Scan

The patient is positioned in supine with the leg placed in
external rotation to allow visualization of the structures
laying immediately posterior to the medial malleolus. The
probe is placed in the transverse plane behind the mal-
leolus. The anterior edge of the probe should lay on the
malleolus with the posterior edge of the probe reaching
toward the Achilles tendon. A small cushion placed un-
der the ankle and foot may allow for an improved contact
of the probe with the patient (> Fig. 12.17, »Fig. 12.18,
> Fig. 12.19).

Fig. 12.17 Transverse image of the medial aspect of the
ankle. The probe is positioned in the transverse plane behind
the medial malleolus to view the structures within the tarsal
tunnel.

Medial malleolus

Fig. 12.18 Transverse image of the tarsal tunnel posterior to the medial malleolus. The first tendon seen is that of tibialis

posterior (TP). Immediately posterior to this is the tendon of flexor digitorum longus (FDL). More posterior and deeper lying between
the posterior medial and lateral talar tubercles is the tendon of flexor hallucis longus (FHL). This arrangement of tibialis posterior,
flexor digitorum longus, and flexor hallucis longus affords the mnemonic Tom, Dick, and Harry. Immediately above the tendon of
flexor hallucis longus can be seen the tibial nerve prior to it splitting into the medial and lateral plantar nerves (yellow oval). Above this
the tibial artery (red circle) may be seen accompanied by a vein on either side. Red circle, posterior tibial artery; yellow arrows, flexor
retinaculum; yellow oval, tibial nerve.
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Fig. 12.19 Sagittal view of the medial aspect of the right ankle illustrating the tendon sheaths and retinacula. The tarsal tunnel is

the fibro-osseous canal found posterior and inferior to the medial malleolus. The roof of the tarsal tunnel is formed by the flexor
retinaculum which extends from the medial malleolus posteriorly and obliquely downward to insert onto the medial aspect of the
calcaneum. The floor of the tunnel is formed by the medial surfaces of both the talus and calcaneum. From anterior to posterior

the contents of the tarsal tunnel are the tibialis posterior tendon, the flexor digitorum longus tendon, the neurovascular bundle
consisting of the posterior tibial artery, vein, and tibial nerve, and most posteriorly situated between the posterior medial and lateral
talar tubercles the tendon of flexor hallucis longus. The tibial nerve may be seen to split into the medial and lateral plantar nerves
within the tarsal tunnel. A useful mnemonic to remember the order of structures in the tarsal tunnel is Tom, Dick, and A Very Nervous
Harry. (Reproduced from Schuenke, Schulte, and Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York.

lllustration by Karl Wesker/Markus Voll.)

Medial Ankle Joint: Longitudinal Scan

With the patient’s ankle and foot in the same position
as for a transverse scan of the medial ankle the probe
is turned through 90 degrees so that it lies in the trans-
verse oblique plane to view the structures within the

tarsal tunnel. With the probe more anteriorly placed, the
tendon of tibialis posterior may be seen. As the probe is
moved posteriorly over the tarsal tunnel, the tendon of
flexor digitorum longus is next visualized followed by the
tibial nerve, posterior tibial artery, and the deeply placed
tendon of flexor hallucis longus (> Fig. 12.20a,b).

Fig. 12.20 (a) Longitudinal image of the tibialis posterior tendon (TP) as it passes posteriorly and then inferiorly to the medial
malleolus. The tendon becomes anisotropic as it curves around the malleolus (curved arrow). (b) Longitudinal image of the tarsal
tunnel at the ankle. The probe has been placed more posteriorly over the tarsal tunnel allowing visualization of the posterior tibial
artery (A), tibial nerve (N), and more deeply to these two structures the tendon of flexor hallucis longus (FHL) lying between the
posterior medial and lateral talar tubercles.
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Medial Foot Joint: Longitudinal Scan

Having viewed the tendon of tibialis posterior around
the posterior aspect of the medial malleolus as it pass-
es through the tarsal tunnel, the tendon may be followed
distally to its insertion onto the tuberosity of the navic-
ular and medial cuneiform (> Fig. 12.21, » Fig. 12.22a,b).

Fig. 12.21 Longitudinal scan of the medial aspect of the foot
and the tendon of tibialis posterior. The tendon may be seen
down to its insertion onto the navicular and medial cuneiform.

Fig. 12.22 (a) Longitudinal image of the tendon of tibialis posterior (yellow arrows). In this extended field of view image the tendon
may be seen to pass behind the medial malleolus and distally over the talus toward its insertion onto the navicular (Nav) and medial
cuneiform. Note the anisotropy exhibited within the tendon as it curves around the navicular. (b) Longitudinal image of the distal
tibialis posterior tendon (yellow arrows). The tendon may be seen to extend beyond the navicular (Nav) distally to insert onto the
medial cuneiform (MC).
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Medial Ankle and Foot: Pathology

See »Fig. 12.23a-c; »Fig. 12.24a,b; »Fig. 12.25a,b;
»Fig. 12.26, » Fig. 12.27, » Fig. 12.28, » Fig. 12.29).

Fig. 12.23 (a,b) Images of the tendon of tibialis posterior within the tarsal tunnel. The images demonstrate evidence of an
intrasubstance tear within the tendon (white stars). The tendon around the tear appears intact (curved arrow). (c) More distally

below the medial malleolus the tendon appears intact, but there is evidence of a significant tenosynovitis with effusion and synovial
thickening throughout the tendon sheath (white arrows).

Fig. 12.24 (a,b) MRI of the ankle. Axial STIR and sagittal T2, respectively, demonstrate expansion of the tibialis posterior tendon with
intrasubstance high signal in keeping with a tear (white arrowhead). The images are of the same patient as demonstrated in > Fig. 12.23a-c.
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Fig. 12.25 (a,b) Transverse and longitudinal scan, respectively, of the tendon of tibialis posterior demonstrating a marked
tendinopathy with a central anechoic region within the tendon indicating an intrasubstance tear (white stars). In addition, there is
a marked tenosynovitis noted within the tendon sheath (yellow arrows) which is further highlighted with Power Doppler imaging.
Med Mall, medial malleolus; white star, anechoic tear within the substance of tibialis posterior tendon; yellow arrows, evidence of a

tenosynovitis within the tendon sheath.

Fig. 12.26 Longitudinal image of the tendon of tibialis
posterior (TP). In this extended field of view the tendon
may be seen passing posteriorly and inferiorly to the medial
malleolus. The tendon itself appears intact. However, there
is a marked synovial thickening and fluid within the tendon
sheath (yellow arrows). These findings are in keeping with a
chronic tenosynovitis.

Fig. 12.28 Longitudinal image of the tendon of flexor
hallucis longus (FHL) at the posterior aspect of the talus. The
tendon appears intact. However, fluid is noted around the
tendon (white stars). This may indicate a tenosynovitis of
the tendon sheath or pathology in the ankle joint itself with
secondary posterior effusion.

Medial malleolus

Fig. 12.27 Longitudinal image of the tendon of tibialis
posterior. The tendon appears intact; however, some
thickening is noted within the tendon sheath (yellow arrows). In
addition, calcific foci are seen within the sheath (curved arrow).
Note the posterior shadowing behind the calcific foci (white
arrowheads). These findings are in keeping with a chronic
tenosynovitis.

Navicular

T-alu‘sﬂai

Fig. 12.29 Longitudinal image of the insertion of the tendon
of tibialis posterior (TP). The tendon may be seen to insert
onto the medial aspect of the navicular. Within the tendon
there appears to be a well-corticated bony fragment. The
image is in keeping with an os navicularis. Although this is

an incidental finding, it may predispose to an insertional
tendinopathy and ultrasound findings need to be considered
in light of the clinical presentation. Yellow star indicates the os
navicularis.
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12.1.3 Lateral

Lateral Ankle Joint—Proximal Peroneal
Tendons: Transverse Scan

The patient is positioned in supine with the leg internal-
ly rotated to allow visualization of the peroneal tendons
and peroneus brevis muscle laying immediately posteri-
or to the lateral malleolus. The probe is in the transverse
oblique plane behind the lateral malleolus. The anteri-
or edge of the probe should lay on the lateral malleolus
with the posterior edge of the probe reaching toward the
Achilles tendon. The probe should be moved in a distal
direction to visualize both peroneal tendons as far as the
peroneal tubercle at the lateral aspect of the calcaneum

Fig. 12.30 Transverse scan of the proximal peroneal tendons
and peroneus brevis muscle. The probe is positioned so that
its anterior edge is over the lateral malleolus with its posterior
edge reaching toward the Achilles tendon. The probe should
be turned in an anticlockwise direction with the lateral
malleolus at the fulcrum so that it moves distally over the
peroneal tendons from the transverse to coronal planes.
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and peroneus brevis to the base of the fifth metatar-
sal (»Fig. 12.30, » Fig. 12.31, » Fig. 12.32).

Lateral Ankle Joint—Distal Peroneal
Tendons: Transverse Scan

The patient is positioned as for scanning the proximal
peroneal tendons. The probe is moved distally while
keeping its anterior edge over the lateral malleolus its
posterior edge is swung through 90 degrees to lie in the
coronal plane. In this way both peroneal tendons may be
seen down to their separation at the peroneal tubercle on
the lateral aspect of the calcaneum with peroneus brevis
being scanned down to its insertion onto the base of the
fifth metatarsal (> Fig. 12.33, » Fig. 12.34).

Fig. 12.31 Transverse image of the peroneal tendons around
the posterior aspect of the lateral malleolus (LM). The tendon
of peroneus longus (yellow curved arrow) is positioned more
superficially. Deep to the peroneus longus tendon can be
seen the tendon of peroneus brevis (white curved arrow). At
this level the peroneus muscle can still be seen (PBM). PBM,
peroneus brevis muscle.
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Fig. 12.32 Sagittal view of the lateral aspect of the right ankle illustrating the tendon sheaths and retinacula. The peroneus or fibularis
longus arises from the head and upper two-thirds of the lateral surface of the body of the fibula from the deep surface of the fascia,
and from the intermuscular septa between it and the muscles on the anterior and posterior of the leg. Between its attachments to
the head and to the body of the fibula there is a gap through which the common fibular nerve passes to the front of the leg. It ends
in a long tendon which runs behind the lateral malleolus in a groove common to it and the tendon of the peroneus or fibularis brevis.
The groove is converted into a canal by the superior fibular retinaculum and the tendons in it are contained in a common sheath.

The tendon then extends obliquely forward across the lateral side of the calcaneus, below the peroneal tubercle with the tendon

of the peroneus brevis under cover of the inferior fibular retinaculum. It crosses the lateral side of the cuboid, and then runs on the
undersurface of that bone in a groove which is converted into a canal by the long plantar ligament. The tendon then crosses the sole
of the foot obliquely and is inserted into the lateral side of the base of the first metatarsal bone and the lateral side of the medial
cuneiform. The peroneus or fibularis brevis arises from the lower two-thirds of the lateral surface of the body of the fibula medial to
the peroneus longus and from the intermuscular septa. The fibers pass downward and end in a tendon which runs behind the lateral
malleolus along with but anterior and superior to the peroneus longus tendon. The two peroneal tendons are enclosed in the same
tendon sheath. From the level of the peroneal tubercle the tendon runs forward and obliquely downward to insert onto the base of
the fifth metatarsal on its lateral side. The fibularis or peroneus tertius muscle arises from the lower third of the anterior surface of the
fibula the lower part of the interosseous membrane and from an intermuscular septum between it and the peroneus brevis muscle in
the anterior compartment of leg. The septum is sometimes called the intermuscular septum of Otto. The tendon after passing under
the superior extensor and inferior retinaculum of the foot in the same canal as the extensor digitorum longus is inserted into the
dorsal surface of the base of the fifth metatarsal. The peroneus tertius muscle is seldom found in other primates a fact that has linked
its function to efficient terrestrial bipedalism. (Reproduced from Schuenke, Schulte, and Schumacher, Atlas of Anatomy, 2nd edition,
©2014, Thieme Publishers, New York. lllustration by Karl Wesker/Markus Voll.)
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Inferior Superior

Fig. 12.34 Transverse image of the peroneal tendons at the
level of the peroneal tubercle (PT) below the lateral malleolus.
At this level the two peroneal tendons separate with the
tendon of peroneus brevis (PB) laying superior to the tubercle
Fig. 12.33 Transverse scan of the distal peroneal tendons. and the tendon of peroneus longus (PL) lying below the

The probe has been moved from the transverse plane used tubercle.

to image the tendons proximally to a more coronal plane. As
the probe is moved distally toward the little toe, the coronal
plane should be maintained. In this way both peroneal tendons

coronal plane directly behind the distal fibula and lateral

may be seen down to the peroneal tubercle on the lateral malleolus. The tendons should be followed distally with
calcaneum. The tendon of peroneus brevis may be seen down the probe moving from a coronal to transverse plane. The
toits insertion at the base of the fifth metatarsal. tendon of peroneus brevis may be visualized down to its

insertion onto the base of the fifth metatarsal. The tendon
of peroneus longus may be seen just distal to the perone-

Lateral Ankle jomt—PrOX|maI Peroneal al tubercle on the lateral aspect of the calcaneum before

Tendons: Longitudinal Scan it dives under the lateral border of the foot (> Fig. 12.35,
» Fig. 12.36).

The patient is positioned as for scanning the peroneal ten-
dons in the transverse plane. The probe is placed in the

Fig. 12.35 Longitudinal image of the proximal peroneal

tendons. The peroneus longus (PL) can be seen to be Fig. 12.36 Longitudinal image of the peroneus brevis
superficial with peroneus brevis (PB) below. The muscle of tendon (white arrows) at its insertion onto the base of the fifth
peroneus brevis (PBMS) can be seen deep to the tendon metatarsal (SMT).

of peroneus brevis. The musculotendinous junction being
demonstrated by the yellow arrows. To the right of the image
the tendons may be seen to appear anisotropic (curved yellow
arrow) as they pass around the lateral malleolus (LM).
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Lateral Ankle Joint—Peroneal Tendons:
Pathology

See » Fig. 12.37a,b.

Fig. 12.37 (a) Longitudinal image of the peroneal tendons around the posterior aspect of the lateral malleolus. The large calcific

foci (curved arrow) is seen within the peroneus longus tendon (PL) measuring approximately 9 mm. This appears to indent on the
underlying peroneus brevis tendon (PB). The foci exhibit a clear posterior shadowing (white arrowheads). (b) The image is of the same
patient as in part (a). Transverse image of the peroneal tendons around the posterior aspect of the lateral malleolus (LM). The calcific
foci may be seen within peroneus longus (PL). The tendon of peroneus brevis (PB) appears to be forced to the right. The foci exhibit a
clear posterior shadowing (white arrowheads). There is no evidence of neovascularity or tenosynovitis.

Lateral Ankle Joint: Anterior Talofibular lateral malleolus and its anterior edge is over the later-
Ligament al talus. This position allows the clinician to move the

foot into a plantar flexed and inverted position placing
The patient is positioned in supine with the leg inter-  a stress through the anterior talofibular ligament to as-
nally rotated and the foot hanging off the couch. The sess dynamically for stability—the sonographic draw
probe is placed so that its posterior edge lies over the  test (> Fig. 12.38, » Fig. 12.39, » Fig. 12.40).

Fig. 12.39 Longitudinal image of the anterior talofibular
ligament. In this image the foot has been placed into a plantar
flexed and inverted position to stress the ligament which
appears as a taught band extending from the lateral malleolus
to the lateral talus (yellow arrows). LM, lateral malleolus; yellow
arrows, anterior talofibular ligament.

Fig. 12.38 Longitudinal scan of the anterior talofibular
ligament. The probe is placed so that its posterior edge lies
over the lateral malleolus and its anterior edge over the lateral
talus. The clinician should start the scan with the foot in a
neutral position. However, to fully assess the ligament the
foot should then be passively moved into plantar flexion and
inversion to dynamically assess the ligament.
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Fig. 12.40 Sagittal view of the lateral aspect of the right ankle and foot demonstrating the bones and associated ligaments. The
lateral ligaments of the ankle include the posterior and anterior tibiofibular ligaments (the syndesmotic ligaments), the anterior
talofibular ligament, the posterior talofibular ligament, and the calcaneofibular ligament. The anterior tibiofibular ligament is a flat
triangular band of fibers, broader below than above, which extends obliquely downward and laterally between the adjacent margins
of the tibia and fibula on the front aspect of the syndesmosis. The posterior tibiofibular ligament is smaller than the anterior ligament
but is disposed in a similar manner on the posterior surface of the syndesmosis. The anterior talofibular ligament passes from the
anterior margin of the lateral malleolus in an anteromedial direction to attach onto the talus in front of its lateral articular facet.

The calcaneofibular ligament is a narrow rounded band running from the tip of the lateral malleolus inferiorly and slightly backward
to a tubercle on the lateral surface of the calcaneus. It is covered by the tendons of the peroneus longus and brevis. The posterior
talofibular ligament runs almost horizontally from the lateral malleolus to a prominent tubercle on the posterior surface of the talus
immediately lateral to the groove for the tendon of the flexor hallucis longus. (Reproduced from Schuenke, Schulte, and Schumacher,
Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York. lllustration by Karl Wesker/Markus Voll.)

Lateral Ankle Joint—Anterior Talofibular
Ligament: Pathology

See »Fig. 12.41, » Fig. 12.42, » Fig. 12.43, » Fig. 12.44.

Fig. 12.42 Longitudinal image of the anterior talofibular
ligament (yellow arrows). The image demonstrates marked
thickening and loss of normal echogenicity. In addition, there
appears to be a specific anechoic region deep within the
ligament. There was a negative sonographic draw. The image
is in keeping with a partial tear of the articular side of the
anterior talofibular ligament. Curved arrow, partial tear within
the deep portion of the ligament; LM, lateral malleolus; yellow
arrows, anterior talofibular ligament.

Fig. 12.41 Longitudinal image of the anterior talofibular
ligament (yellow arrows). The image demonstrates thickening
of the ligament which is of poor echogenicity. In addition,
there appears to be a bony fragment (white crosses) to the left
of the talus measuring approximately 5 mm. Dynamic stressing
of the ligament demonstrated a negative sonographic draw.
These findings are in keeping with a partial tear of the anterior
talofibular ligament with associated avulsion fragment from
the talus.
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Fig. 12.44 Longitudinal image of the anterior talofibular

Fig. 12.43 Longitudinal image of the anterior talofibular ligament (vellow arrows). The image demonstrates no

ligament (yellow arrows). The image demonstrates a loss of significant thickening and a good fibrillar pattern. The ligament
normal ligament structure and marked soft tissue thickening. appears taught in this stressed view and dynamic stressing

In addition, there appears to be a bony fragment (white demonstrated a negative sonographic draw However, there
crosses) to the right of the lateral malleolus (LM). Dynamic appear to be a bony fragment (curved arrow) to the right of the
stressing of the ligament demonstrated a positive sonographic lateral malleolus (LM). Findings are in keeping with an avulsion
draw. Findings in keeping with a rupture of the anterior fragment but intact anterior talofibular ligament.

talofibular ligament with associated avulsion fragment.

Lateral Ankle Joint: Calcaneofibular
Ligament

The patient is positioned in supine with the leg internally
rotated and the foot hanging off the couch. The probe is
placed so that its superior edge lies over the lateral mal-
leolus and angled a few degrees posteriorly toward the
heel. This position permits the clinician to move the foot
into an inverted position which allows better visualiza-
tion of the calcaneofibular ligament and to place a stress
through the ligament to assess dynamically for stabili-
ty (> Fig. 12.45, » Fig. 12.46a,b).

Fig. 12.45 Longitudinal scan of the calcaneofibular ligament.
The superior edge of the probe is placed over the lateral
malleolus while the inferior edge is angled a few degrees
posteriorly toward the heel. With the patient’s foot positioned
off the bed, the clinician is able to invert the foot which allows
better visualization of the ligament and tests for integrity.

. S
Calcaneum . -
b Calcaneum

Fig. 12.46 (a) Longitudinal image of the calcaneofibular ligament (yellow arrows). In this view the foot is in neutral. The ligament may
be seen to “bow” downward below the tendons of peroneus longus (PL) and brevis (PB). Note anisotropy of the ligament toward its
insertion onto the lateral malleolus (curved arrow). (b) Longitudinal image of the calcaneofibular ligament (yellow arrows). In this view
the foot is in an inverted position to stress the ligament. The ligament appears less bowed and has lifted the tendons of PL and PB.
This has resulted in a decrease in anisotropy (curved arrow). LM, lateral malleolus.

a
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Lateral Ankle Joint: Calcaneocuboid Joint

The patient is positioned in supine with the leg internal-
ly rotated and the foot resting on the couch. The probe
is placed immediately below and slightly anterior to the
lateral malleolus in the transverse plane to lie over the

Fig. 12.47 Longitudinal scan of the lateral aspect of the
calcaneocuboid joint. The probe is placed below and slightly
anterior to the lateral malleolus in the transverse plane to
view the calcaneocuboid joint and overlying calcaneocuboid
ligament.

Calcaneum

Fig. 12.49 Longitudinal image of the lateral aspect of

the calcaneocuboid joint. There appears to be an effusion
extending out from the joint (curved arrow). The overlying
calcaneocuboid ligament appears to be elevated due to this
swelling but is of normal appearance (yellow arrows).

Fig. 12.50 Longitudinal scan of the Achilles tendon and calf.
The probe is placed in the anatomical sagittal plane with its
distal edge over the posterior aspect of the calcaneum to first
image the insertion of the Achilles tendon. Following this the
probe should be moved proximally up the musculotendinous
junctions of the soleus and gastrocnemius muscles.
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lateral aspect of the calcaneocuboid joint. From this po-
sition the probe may be moved in a proximal direction
to view the superior aspect of the joint and the overlying
dorsal calcaneocuboid ligament (> Fig. 12.47, » Fig. 12.48,
»Fig. 12.49).

Cuboid

Calcaneum

Fig. 12.48 Longitudinal image of the lateral aspect of the
calcaneocuboid joint. The calcaneum is normally seen to
be slightly higher than the cuboid. The calcaneocuboid
ligament (yellow arrows) appears as a fibrillar structure
spanning the joint.

12.1.4 Posterior

Posterior—Achilles Tendon and Calf:
Longitudinal Scan

The patient is positioned in prone with the foot hanging
off the end of the couch. The probe is placed in the ana-
tomical sagittal plane with its distal edge over the pos-
terior calcaneum. From this position the probe should
be moved proximally to visualize up to the musculoten-
dinous junction of the Achilles tendon and soleus and
gastrocnemius muscles. The clinician should position
the patients so that they are able to move the foot pas-
sively which facilitates both a better visualization of the
posterior structures of the ankle and allows the Achilles
tendon and calf to be stressed (> Fig. 12.50, » Fig. 12.51,
»Fig. 12.52).

'— - ‘IZ = A Calcaneus
= Kager’s fat, -
‘r\. g . - ‘

P N

Fig. 12.51 Longitudinal image of the Achilles tendon (TA)
insertion and musculotendinous junction with soleus. The
Achilles appears normal and of good fibrillar pattern. The
posterior aspect of the calcaneum appears intact with no
cortical irreqularity. The soleus muscle may be seen attaching
onto the deep aspect of the Achilles. Deep to the soleus flexor
hallucis longus may be seen. Superior to the upper aspect of
the calcaneum Kager’s fat may be seen. The curved arrow
demonstrates anisotropy at the insertion of the Achilles as

it wraps around the posterior calcaneum. White arrowhead,
positon of retrocalcaneal bursa; yellow curved arrow,
anisotropy.
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Fig. 12.52 Coronal view of the posterior
superficial compartment of the leg. The
leg is separated into anterior, lateral,
Femur superficial posterior, and deep posterior
compartments by intermuscular septa
and surrounded by the deep fascia of
: the leg. The transverse intermuscular
1 septum divides the superficial and deep
Medial femoral / La’geral(;’e:noral posterior compartments. The superficial
epicondyle I eépicondyle posterior compartment contains the
il ) medial and lateral gastrocnemius, soleus,
Plantaris .
and plantaris muscles. (Reproduced from
Schuenke, Schulte, and Schumacher, Atlas
of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)
[ Gastroc- mm——
nemius,
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Posterior: Musculotendinous Junction
Achilles and Calf

The patient is positioned in prone with the foot hanging
off the end of the couch. The clinician should position the

Fig. 12.53 Longitudinal image of the medial gastrocnemius
muscle and musculotendinous junction of the calf. The probe
is placed in a sagittal oblique plane to lie longitudinally over
the medial and lateral head of the gastrocnemius as clinically
indicated.

Posterior—Achilles Tendon: Transverse
Scan

The patient is positioned in prone with the foot hang-
ing off the end of the couch. The probe is placed in the

N Medial

Fig. 12.55 Transverse image of the midsubstance of the
Achilles tendon (TA). The tendon appears intact. Kager’s fat
may be seen anterior to the tendon. The tendon is seen to be
slightly wider medially which is normal. A normal AP diameter
through the middle of the tendon is considered to be 6

mm (yellow double-headed arrow).
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patients so that they are able to move the foot passively
allowing both the muscles and musculotendinous junc-
tions to be stressed, both the medial and lateral heads
of the gastrocnemius should be assessed (»Fig. 12.53,
»Fig. 12.54).

Soleus

Fig. 12.54 Longitudinal image of the medial gastrocnemius
and soleus muscles as they join onto the medial

aponeurosis (yellow arrows) in the midcalf region. Yellow
arrows, medial gastrocnemius aponeurosis (distally this will
join with the lateral aponeurosis to form the Achilles tendon).

anatomical transverse plane over the posterior aspect
of the calcaneum. From this position the probe should
be moved proximally to visualize the Achilles tendon as
far as its musculotendinous junction with the muscles
of gastrocnemius and soleus (>Fig. 12.55, »Fig. 12.56,
» Fig. 12.57).

Soleus

Fig. 12.56 Transverse image of the Achilles tendon (TA) at

its musculotendinous junction (curved yellow arrow) with the
medial (MGM) and lateral (LGM) gastrocnemius muscles. The
soleus muscle may be seen deep to the gastrocnemius muscle.
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Fig. 12.57 Transverse section of the
lower leg. The lower leg is divided into
four compartments by the interosseous
membrane, the anterior intermuscular
septum, the transverse intermuscular
septum and the posterior intermuscular
septum. The anterior compartment

Extensor
digitorum longus

Anterior

intermuscular contains the tibialis anterior, extensor
septum hallucis longus, extensor digitorum longus,
Fibularis and peroneus tertius muscles and the deep
brevis fibular (peroneal) nerve and anterior tibial
vessels. The lateral compartment contains
Fibularis the peroneus (fibularis) longus and brevis
longus and the superficial fibular nerve. The deep
posterior compartment contains the tibialis
Posterior in- posterior, flexor hallucis longus, flexor
termuscular digitorum longus and popliteus muscles,
septum the tibial nerve, the posterior tibial artery
and vein, and the peroneal (fibular)
Fibula artery and vein. The superficial posterior
compartment contains the gastrocnemius,
Soleus

soleus, and plantaris muscles and the
medial sural cutaneous nerve. (Reproduced
from Schuenke, Schulte, and Schumacher,
Atlas of Anatomy, 2nd edition, ©2014,
Thieme Publishers, New York. lllustration
by Karl Wesker/Markus Voll.)

Posterior: Achilles Tendon and Plantaris

The plantaris muscle arises from the lateral supracondy-
lar line of the femur just superior to the lateral head of the
gastrocnemius. It may also take origin from the oblique
popliteal ligament. The muscle belly is small and gives
way to a long thin tendon which passes inferomedially to

Fig. 12.58 Transverse image of the midsubstance of the
Achilles tendon (TA). The tendon of plantaris may be seen

as a separate oval form to the anteromedial aspect of the
Achilles (yellow oval). It should be noted that the tendon is not
always clearly seen as a separate entity.

EBSCChost - printed on 2/11/2023 2:59 AMvia .

run between the medial head of the gastrocnemius and
soleus muscles. The tendon then continues along the me-
dial aspect of the Achilles tendon onto which it inserts.
In some patients the tendon may remain independent
of the Achilles to insert directly onto the calcaneum. It
should be noted that up to 10% of people do not have a
plantaris (> Fig. 12.58, » Fig. 12.59, » Fig. 12.60).

Fig. 12.59 Longitudinal image of the midsubstance of

the Achilles tendon (TA). The tendon of plantaris (white
arrowheads) may be seen as a long thin band running along the
anteromedial aspect of the Achilles tendon. In this example, it
may be seen to insert onto the mid-substance of the Achilles
tendon (yellow arrows).
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Fig. 12.60 Coronal view of the posterior
superficial compartment of the leg.

The superficial posterior compartment
contains the medial and lateral
gastrocnemius, soleus, and plantaris
muscles. In this illustration, the medial
and lateral gastrocnemius have been
removed. The superficial posterior

Gastrocnemius,
medial head

Plantaris compartment is separated from the deep

posterior compartment by the transverse
Gastrocnemius, intermuscular septum. (Reproduced from
lateral head Schuenke, Schulte, and Schumacher, Atlas

of Anatomy, 2nd edition, ©2014, Thieme
Publishers, New York. lllustration by Karl
Wesker/Markus Voll.)
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Posterior—Achilles Tendon: Pathology
See »Fig. 12.61 and » Fig. 12.62a-c.

Fig. 12.61 Longitudinal image of the
Achilles tendon (TA). The tendon appears
intact at its insertion onto the calcaneum.
However, there is marked thickening of
the midsubstance of the tendon with

loss of echogenicity (yellow arrows). Note
the posterior enhancement associated
Calcaneum with this thickening which indicates that
although the tendon is thickened it is of
a decreased density (white arrows). These
findings are indicative of a midsubstance
tendinopathy.

Fig. 12.62 (a,b) Transverse images of the midsubstance of an Achilles tendon (TA). The tendon appears thickened at over 12 mm. In
addition, there is marked posterior enhancement indicating lack of normal tendon density (white arrows). In part (b) Power Doppler
demonstrates a marked neovascularity. (c) Longitudinal image of the same tendon as in parts (a) and (b) clearly demonstrating the
spindle-shaped swelling of the tendon and a diffuse neovascularity. These findings are indicative of a midsubstance tendinopathy.
White bracket, maximum tendon diameter (AP).

Posterior—Retrocalcaneal: Pathology
See »Fig. 12.63a,b.

Calcaneum

Fig. 12.63 (a,b) Longitudinal image of the posterior aspect of the insertion of the Achilles tendon (TA) and retrocalcaneal area. The
Achilles tendon appears intact with no evidence of thickening or insertional change. However, there appears to be a large diffuse and
inflamed retrocalcaneal bursa (white arrowhead). In addition, the superoposterior aspect of the calcaneum demonstrates significant
cortical irregularity in keeping with erosive change (curved arrow).
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Posterior—Musculotendinous Junction of
the Calf: Pathology

See » Fig. 12.64, » Fig. 12.65, and » Fig. 12.66a,b.

Soleus

Fig. 12.64 Longitudinal image of the medial calf. The medial
head of the gastrocnemius muscle (MGM) demonstrates a loss
of normal fibrillar pattern toward its distal insertion onto the
medial aponeurosis (yellow arrows). The deeper soleus and
flexor hallucis longus (FHL) muscles appear intact. The image is
in keeping with a tear of the medial gastrocnemius.

Fig. 12.65 Longitudinal image of the medial head of the
gastrocnemius muscle (MGM). The image demonstrates a
spindle-shaped low echo region within the deeper aspect

of the muscle at its insertion onto the medial aponeurosis
measuring 3.5 cm (yellow crosses). The image is in keeping with
a chronic scar within the muscle subsequent to previous tear.
FHL, flexor hallucis longus muscle; yellow crosses, scar tissue
within medial gastrocnemius muscle.

Fig. 12.66 (a) Longitudinal image of the medial head of the gastrocnemius muscle. The image demonstrates a large tear measuring
approximately 6 cm longitudinally at the insertion of the muscle belly onto the Achilles aponeurosis (white crosses). The torn ends
appear in close approximation. (b) Transverse image of the medial gastrocnemius muscle. The image demonstrates a large tear
measuring approximately 3.6 cm transversely through the insertion of the muscle belly onto the Achilles aponeurosis (white crosses).
The torn ends appear in close approximation. White crosses, calipers measuring extent of tear between medial gastrocnemius and

Achilles aponeurosis.
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Posterior—Pathology: Achilles Tendon
Rupture

See » Fig. 12.67 and » Fig. 12.68.

Calcaneum

Fig. 12.67 Longitudinal image of the Achilles tendon. The image demonstrates a normal appearance of the distal tendon at its
insertion onto the posterior aspect of the calcaneum (curved arrow). However, there is a 4.5-cm loss of normal tendon architecture
within the midsubstance of the tendon (white crosses) with retraction of both the distal and proximal ends of the tendon (white
arrowheads). The gap between the retracted ends of the tendon measures approximately 3 cm and appears to be filled with fibrous
tissue (yellow bracket). Clinically, squeezing the calf muscle proximally produced no movement of the tendon although the foot

itself did plantar flex due to activity within the flexor hallucis longus (FHL) muscle deep to the tendon. Findings are in keeping with a
complete rupture of the Achilles tendon within its midsubstance. Curved arrow, normal Achilles tendon; white arrowheads, retracted
tendon; white crosses, loss of normal tendon architecture; yellow bracket, gap within tendon.

Calcaneum

Fig. 12.68 Longitudinal image of the Achilles tendon. The distal tendon at its insertion onto the calcaneum appears intact (curved
arrow). The lower half of the tendon also appears intact although thickened in keeping with tendinopathy (white crosses). There is a
clear 1-cm gap within the tendon approximately 6 cm proximally from the upper edge of the calcaneum in keeping with complete
rupture (yellow bracket). The tendon on either side of this gap may be seen to be retracted (white arrowheads). Curved arrow, normal
Achilles tendon; FHL, flexor hallucis longus; white arrowheads, retracted tendon; white crosses, intact but thickened tendon; yellow
bracket, gap within tendon.

12.1.5 Inferior

Plantar Aspect of the Heel—Plantar
Fascia: Longitudinal Scan

The patient is positioned in supine with the leg in exter-
nal rotation. The clinician should position themselves so
that they are able to move the foot passively allowing a
stress to be placed through the plantar fascia to assess
for patency. The probe is placed in the anatomical sagit-
tal plane with its posterior edge over the anterior medial
calcaneal tubercle and its anterior edge extending into
the medial longitudinal arch (> Fig. 12.69, » Fig. 12.70a,b).

Fig. 12.69 Longitudinal scan of the plantar fascia at its origin
on the anterior medial calcaneal tubercle. The probe is placed
in the anatomical sagittal plane to view the proximal fascia.
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Calcaneum

Fig. 12.70 (a,b) Longitudinal image of the plantar fascia at its origin on the anterior medial calcaneal tubercle. The fascia may be seen
as band extending from the tubercle distally within the medial longitudinal arch of the foot (yellow arrows). In these images the fascia
does not appear thickened measuring 4 mm at the tubercle (yellow crosses). In part (a), the foot is relaxed and the fascia may be seen
to bow downward slightly. In part (b), stress has been placed through the fascia by elevating the first metatarsal head and the fascia
appears less bowed. FDB, flexor digitorum brevis muscle; yellow arrows, plantar fascia; yellow crosses, calliper measurement of the
plantar fascia at the anterior medial calcaneal tubercle (4 mm is an average thickness).

Plantar Aspect of the Heel—Plantar plane over the plantar fascia at its origin on the anterior
Fascia: Transverse Scan medial calcaneal tubercle (> Fig. 12.71, » Fig. 12.72).

The patient is positioned in supine with the leg in exter-
nal rotation. The probe is placed in the anatomical coronal

Calcaneum

Fig. 12.72 Transverse image of the plantar fascia at the
anterior medial calcaneal tubercle. The plantar fascia appears
as an echogenic layer lying parallel to the calcaneum (yellow
arrows).

Fig. 12.71 Transverse scan of plantar fascia at its origin on the
anterior medial calcaneal tubercle. The probe is placed in the
anatomical coronal plane.
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Plantar Aspect of Heel—Plantar Fascia:
Pathology

See » Fig. 12.73, » Fig. 12.74, » Fig. 12.75, and » Fig. 12.76.

Calcaneum Calcaneum

Fig. 12.73 Longitudinal image of the plantar fascia at its
proximal attachment onto the anterior medial calcaneal

tubercle (yellow arrows). The calcaneum appears intact with no Fig. 12.74 Longitudinal image of the plantar fascia at its
evidence of spurring. The fascia is however thickened and of proximal attachment onto the anterior medial calcaneal
poor echogenicity within its proximal attachment measuring tubercle (yellow arrows). The fascia is thickened at 7 mm
8 mm in thickness (normal 4 mm) (crosses). These findings are (crosses). In addition, there is a heel spur (curved arrow).
indicative of a plantar fasciosis. These findings are indicative of a plantar fasciosis and

associated heel spur. Crosses, calipers measuring thickness
of plantar fascia; curved arrow, calcaneal heel spur; yellow
arrows, plantar fascia.

-
Calcaneum

Calcaneumx

Fig. 12.76 Longitudinal image of the proximal third of the
plantar fascia (yellow arrows). The fascia appears of normal

Fig. 12.75 Longitudinal image of the plantar fascia at its echogenicity and thickness at its proximal insertion onto the
insertion onto the anterior medial calcaneal tubercle (yellow anterior medial calcaneal tubercle. However, approximately
arrows). In addition to the fascia being thickened over the 1 cm distal to the tubercle is an area of thickening and
calcaneum (curved arrow), there is a 10-mm anechoic “gap” in low echogenicity within the plantar fascia measuring

the fascia (yellow crosses). These findings are in keeping with a approximately 3 cm longitudinally (two sets of white crosses).
rupture of the proximal fascia. Stressing the plantar fascia did not demonstrate a complete

rupture. These findings are likely to represent a partial tear of
the fascia at this level as the patient described a trauma to the
foot and sudden onset of discomfort. In the absence of any
such trauma a diagnosis of a plantar fibroma would be likely.
White crosses, calipers indicating measurement of low echo
thickening within the fascia and distance of thickening from
the calcaneum; yellow crosses, calipers measuring rupture
within fascia.
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12.1.6 Interdigital

Interdigital—Metatarsal Heads:
Transverse Scan
The patient is positioned in supine with the ankle in dor-

siflexion. The probe is placed in the anatomical coronal
oblique plane to view the metatarsal heads. The slight

Fig. 12.77 Transverse scan of the metatarsal heads and
interdigital spaces. With the probe in this position a transverse
pressure may be applied across the metatarsal heads—the
“Mulder’s click” test.
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oblique angle from the true coronal plane should result
in the lateral edge of the probe being slightly posterior
in orientation relative to the medial edge. This obliquity
allows for the difference in length of the metatarsals. If
scanning is to detect a possible Morton’s neuroma, then a
transverse pressure should be applied through the meta-
tarsal heads forcing the neuroma in a plantar direction
where it can be visualized (> Fig. 12.77 and » Fig. 12.78).

Fig. 12.78 Transverse image of the second to fourth
metatarsal heads (MT2, MT3, MT4). The tendons of flexor
digitorum longus below the metatarsal heads appear
intact (curved arrows) and the fatty tissue between the
metatarsal heads appears of normal echogenicity (straight
arrows). Yellow arrows, normal interdigital fatty tissue.
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Interdigital—Metatarsal Heads:
Pathology

See » Fig. 12.79a,b and » Fig. 12.80a,b.

Fig. 12.79 (a) Transverse image of the fourth and third metatarsal heads. A transverse pressure has been applied across the
metatarsal heads (the Mulder’s click test) and the low echo foci has been forced in a plantar direction from between the fourth and
third metatarsal heads as outlined by the white crosses indicating a Morton’s neuroma. (b) Longitudinal image of the fourth or third
interspace in the same patient as part (a). In the longitudinal view there is no need to apply a transverse pressure to the metatarsal
heads. The large low echo foci may be seen within the interspace (white crosses). A thin linear structure of low echogenicity may be
seen entering the foci from the left of the screen (yellow arrows) representing the interdigital nerve from which the neuroma has
formed. White crosses, Morton’s neuroma; yellow arrows, inter digital nerve.

Fig. 12.80 (a) Transverse image of the second, third, and fourth metatarsal heads. No transverse pressure has been applied to the
metatarsal heads but a low echo foci may be seen to extend from between the fourth and third metatarsal heads (curved arrow).
(b) With Power Doppler imaging the low echo foci demonstrates a marked internal vascularity. Both images are in keeping with an
intermetatarsal bursa. 4, 3, 2, fourth, third, and second metatarsal head; curved arrows, intermetatarsal bursa.
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12.1.7 Digital

Digital—Dorsal Aspect
Metatarsophalangeal and
Interphalangeal Joints: Longitudinal Scan

The patient is positioned in supine with the knee flexed
and the foot resting on the couch in a plantar flexed posi-
tion. The probe is placed in the anatomical sagittal plane
over the metatarsophalangeal or interphalangeal joint to
be scanned. In »Fig. 12.81 the first metatarsophalangeal
joint is being scanned (> Fig. 12.82, » Fig. 12.83).

Fig. 12.81 Longitudinal scan of the dorsal aspect of the

first metatarsophalangeal joint. The probe is positioned in
the anatomical sagittal plane over the joint. To image the
interphalangeal joint the probe should be kept in the sagittal
plane and moved distally.
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Digital—Plantar Aspect First
Metatarsophalangeal Joint: Transverse
and Longitudinal Scans

The patient is positioned in supine with the leg and foot
resting on a couch. The clinician should position them-
selves so that they are able to scan the plantar aspect of
the foot. The probe is placed in the anatomical coronal
plane over the plantar aspect of the first metatarsopha-
langeal joint (> Fig. 12.84, » Fig. 12.85).

3 :
.'“_J_ﬁ__ "

Base PP

15t MT head

Fig. 12.82 Longitudinal image of the dorsal aspect of the

first metatarsophalangeal joint. Superficially the tendon of
extensor hallucis longus may be seen as a fibrillar band (yellow
arrows). The anechoic layer seen over the metatarsal head (1st
MT head) represents articular cartilage. The metatarsal recess
is demonstrated by the curved arrow. Base PP, base of the
proximal phalanx; curved arrow, metatarsal recess; white
arrowheads, articular cartilage over the metatarsal head.
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Fig. 12.83 Transverse section of the right ankle and foot. The hindfoot is composed of the talus and the calcaneum. While the
tibia and fibula are connected to the superior part of the talus to form the talocrural joint, the talus is connected inferiorly with the
calcaneum forming the subtalar joint. The five irregular bones of the midfoot, the cuboid, navicular, and three cuneiform form the
arches of the foot. The midfoot may be considered to begin with the calcaneocuboid joint and end where the metatarsals begin.
The midfoot joints also known as the Lisfranc joint are composed of the five tarsometatarsal joints in which the first through third
metatarsals articulate with their corresponding medial, middle, and lateral cuneiforms, whereas the fourth and fifth metatarsals
articulate with the cuboid. Functionally, the Lisfranc joint can be divided longitudinally into three columns:

Medial column—or first ray consisting of the first tarsometatarsal joint.

Middle column—consisting of the second and third tarsometatarsal joints.

Lateral column—consisting of the fourth and fifth tarsometatarsal joints.

A transverse line through these joints is not straight but demonstrates a recess termed the keystone which is formed by the second
tarsometatarsal joint. This joint lies approximately 1 cm proximal to the first tarsometatarsal joint line and 0.5 cm proximal to the
third tarsometatarsal joint line. The forefoot is composed of five toes and the corresponding five proximal metatarsals. Similar to
the fingers of the hand the big toe has two phalanges while the other four toes have three phalanges. (Reproduced from Schuenke,
Schulte, and Schumacher, Atlas of Anatomy, 2nd edition, ©2014, Thieme Publishers, New York. Illustration by Karl Wesker/Markus
Voll.)
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=4

MT head

Fig. 12.84 Transverse image of the plantar aspect of the first
metatarsophalangeal joint. The image demonstrates the tibial
and fibular sesamoid bones (TS and FS, respectively). The
anechoic region over the first metatarsal head (curved arrow) is
articular cartilage. Resting between the two sesamoid bones is
the tendon of flexor hallucis longus (oval).

Digital—Plantar Aspect Second to
Fifth Metatarsophalangeal and
Interphalangeal Joints: Longitudinal Scan

The patient is positioned in supine with the leg and foot
resting on a couch. The position of the clinician should

Fig. 12.86 Longitudinal scan of the plantar aspect of the
second metatarsophalangeal joint. The probe is positioned
in the anatomical sagittal plane over the joint. To image the
interphalangeal joint the probe should be kept in the sagittal
plane and moved distally.
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Fig. 12.85 Longitudinal scan of the plantar aspect of the first
metatarsophalangeal joint. In this image the probe has been
placed over the medial side of the joint to demonstrate the
tibial sesamoid (TS). Curved arrow, articular cartilage; MT
Head, first metatarsal head.

be such that he or she is able to scan the plantar as-
pect of the foot. The probe is placed in the anatomical
sagittal plane over the plantar aspect of the metatarso-
phalangeal or interphalangeal joint to be scanned. In
»Fig. 12.86 the second metatarsophalangeal joint is being
scanned (> Fig. 12.87).

— -

Base PP

2nd MT head

Fig. 12.87 Longitudinal image of the plantar aspect of the
second metatarsophalangeal joint. Superficially the tendon of
flexor digitorum longus may be seen as a fibrillar band (yellow
arrows). The echogenic triangular region deep to the tendon
is the plantar plate which may be seen to have a wider base
attached to the base of the phalanx (white arrowheads). 2"
MT Head, second metatarsal head; Base PP, base of proximal
phalanx; white arrowheads, plantar plate.
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Digital: Pathology

See »Fig. 12.88a,b; »Fig. 12.89, »Fig. 12.90a,b and
»Fig. 12.91.

—

.
)

1st Metatarsal head Base proximal - 15t Metatarsal head _ Basepn
< phalanx

phalanx

Fig. 12.88 (a) Longitudinal image of the first metatarsophalangeal joint of the great toe. The image demonstrates marked
degenerative change with bony exostosis at both the head of the metatarsal and at the base of the proximal phalanx (white
arrowheads). Effusion is noted in the joint and also the metatarsal recess (curved arrow). The joint capsule is thickened (yellow

arrows). (b) With Power Doppler the joint may also be seen to exhibit a marked synovitis. These findings are in keeping with a marked
osteoarthritis and associated synovitis of the first metatarsophalangeal joint of the great toe. White arrowheads, bony exostosis;
yellow arrows, hypertrophy of the joint capsule.

Proximal phalanx

2nd Metatarsal head 1°* Metatarsal shaft

Fig. 12.89 Longitudinal image of the plantar aspect of the
second metatarsophalangeal joint. There is the hypoechoic foci
within the distal attachment of the plantar plate on the base
of the proximal phalanx (curved arrow). The patient described

a sudden onset of pain in this region following jumping and
landing on the foot. The pain was located at the undersurface
of the second metatarsal head. Findings would suggest a tear
of the plantar plate. Yellow arrows, measurement calipers.

Fig. 12.91 Longitudinal image of the dorsum of the distal
shaft of the 1st metatarsal. The metatarsal head (MT1) may be
seen to the right of the image. The metatarsal recess contains
the well-defined calcific foci measuring 4 mm in diameter in
keeping with a loose body (curved arrow). The joint is being
injected note needle entering the metatarsal recess from the
right of the screen (yellow arrow).

Fig. 12.90 (a) Longitudinal image of the plantar aspect of the second toe and associated tendon of flexor digitorum longus.

The image demonstrates thickening and a loss of normal fibrillar pattern within the substance of the tendon in keeping with an
intrasubstance tear (white arrowheads). (b) MRI image (T2 axial) of the same area as in part (a). There is a high signal around the
tendon of flexor digitorum longus at the second metatarsal. There is a diffuse thickening of the tendon with high signal (white arrow).
White arrow, high signal within the tendon of flexor digitorum longus at the second metatarsal; white bracket, thickened tendon;
yellow bracket, normal tendon diameter.
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13 The Ankle and Foot: Guided Injection Techniques

Abstract

This chapter outlines commonly used injection tech-
niques around the ankle and foot. The aim of the chapter
is to provide details of the position and alignment of the
probe and needle to allow accurate placement into the
target tissue. In addition, a brief clinical presentation is
given for each condition as well as some of the anatom-
ical considerations which should be noted. The drugs,
dosages, and volumes given are those used in the author’s
clinic.

Keywords: talocrural, subtalar, midfoot, forefoot, metatar-
sophalangeal, anterior talofibular, calcaneofibular, ante-
rior inferior tibiofibular, calcaneocuboid, Achilles, plantar
fascia, tibialis posterior, flexor digitorum longus, flexor
hallucis

13.1 Ankle Joint (Talocrural
Joint) Injection
13.1.1 Cause

e Osteoarthritis.
* Posttrauma.

13.1.2 Presentation

e Pain is described as deep within the anterior aspect
of the ankle joint. If osteoarthritis is the cause of pain,
then there is often a relatively more limited restriction
of plantarflexion than dorsiflexion.

« If pain is due to an impingement, then limitation will
be related to the site of the impingement either ante-
rior or posterior.

13.1.3 Equipment
See »Table 13.1.
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Table 13.1 Equipment needed for ankle joint (talocrural joint)
injection

Syringe Needle Corticosteroid Local Transducer
anesthetic
5mL 23 gauge 20-mgDepo- 2-mL1%  Large linear
Medrone or hockey
stick

13.1.4 Anatomical Considerations

The most convenient point of entry to the talocrural joint
is immediately distal to the anterior edge of the tibia just
above the talar dome. The deep peroneal nerve and dor-
salis pedis artery and vein should be visualized prior to
injection.

13.1.5 Procedure

» The patient is positioned supine with the knee bent
to approximately 90 degrees and the foot flat on the
couch. This places the foot in a plantar flexed position
allowing for easier needle entry into the joint.

* The transducer is placed in the anatomical sagittal
plane between the tendons of tibialis anterior and ex-
tensor hallucis longus.

» The needle is introduced in the longitudinal plane of
the transducer from an inferior to superior direction
into the talocrural joint.

» The dome of the talus gives the clinician the needle
angle.

* Injection is given as a bolus.

13.1.6 The Injection
See »Fig. 13.1 and » Fig. 13.2.
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Fig. 13.1 Ankle joint injection. The probe is placed in the
anatomical sagittal plane between the tendons of tibialis
anterior and extensor hallucis longus. The needle is introduced
in the longitudinal plane of the probe from an inferior to
superior direction into the talocrural joint. The dome of the
talus gives the clinician the needle angle.

13.1.7 Notes

The ankle joint is not a joint commonly affected by os-
teoarthritis unless this is secondary to previous fracture.
Even then problems do not usually develop for a number
of years. If osteoarthritis is present, injection can provide
a good degree of symptomatic relief and facilitate a pro-
gramme of rehabilitation.

Injection may also be of diagnostic use particularly if an
intra-articular swelling is present secondary to anterior
impingement.

Prior to injection the possibility of an osteochondral de-
fect should be considered and may require magnetic res-
onance imaging (MRI) to fully assess for this possibility
particularly if pain is present on weight-bearing and the
patient describes a history of inversion-like injury.

13.2 Midtarsal Joint Injection
13.2.1 Cause

» Commonly osteoarthritis of the talonavicular, navicu-
lar-cuneiform or cuneiform-metatarsal joints.

» Overuse often associated with either an overpronated
or supinated foot.

13.2.2 Presentation

Pain is located over the dorsum of the foot. There may be
an associated soft tissue or bony prominence which ul-
trasound demonstrates to be a bony exostosis associated
with degenerative change of the underlying joint or an
arthrosynovial cyst.

printed on 2/11/2023 2:59 AMvia .

Fig. 13.2 Longitudinal image of the anterior ankle joint. The
distal tibia (DT) may be seen to the left of the image and the
talar dome (TD) to the right. The joint is demonstrated by
the curved arrow. The straight line gives the needle direction.
Curved arrow, ankle joint.

Table 13.2 Equipment needed for midtarsal joint injection

Syringe Needle  Corticosteroid Local Transducer
anesthetic
2mL 23 gauge 20-mgDepo-  1-mL1% Linear or
Medrone hockey
stick

13.2.3 Equipment
See »Table 13.2.

13.2.4 Anatomical Considerations

There are several joints in the midtarsal region any one
of which or a combination of which may be painful. The
joint to be injected should be identified using both care-
ful palpation of the region and ultrasound to identify the
most symptomatic. Injection may be required at more
than one joint and given on separate occasions can be a
useful diagnostic tool.

13.2.5 Procedure

* The patient is positioned supine with the knee bent
to approximately 90 degrees and the foot flat on the
couch, placing the foot in a plantar flexed position al-
lowing for easier needle entry into the joint identified
as being the problem.

* The transducer is placed in the anatomical sagittal
plane over the joint to be injected.

* The needle is introduced in the longitudinal plane of
the transducer from an inferior to superior direction
into the joint to be injected.

* Injection is given as a bolus.
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13.2.6 The Injection
See »Fig. 13.3 and » Fig. 13.4.

13.2.7 Notes

Injection of the midtarsal joints can provide good symp-
tomatic relief in patients with osteoarthritis of this region.

Fig. 13.3 Midtarsal joint injection (first metatarsal-cuneiform
joint). The probe is placed in the anatomical sagittal plane
over the joint to be injected. The needle is introduced in the
longitudinal plane of the probe from an inferior to superior
direction into the joint to be injected.

13.3 Peroneal Tendon Sheath
Injection
13.3.1 Cause

» Commonly overuse.
* May be related to an acute or chronic inversion injury
of the ankle.

13.3.2 Presentation

» Pain is located over the lateral aspect of the ankle pos-
terior and below the lateral malleolus.

* Pain may be reproduced with resisted eversion of the
ankle and foot and end-range inversion and plantar
flexion.

13.3.3 Equipment
See »Table 13.3.

Table 13.3 Equipment needed for peroneal tendon sheath
injection

Syringe Needle Corticosteroid Local Trans-
anesthetic ducer
5or10mL 23 gauge 20-mgDepo- 2-mL1% Linear or
Medrone (£20-mL  hockey
normal stick
saline)
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However, the patient’s foot position should always be con-
sidered and corrected where possible with the appropriate
supportive shoe and orthotic. This is also the case of the
patient who presents with overuse problems in this area
related for example to overpronation of the foot.

Fig. 13.4 Longitudinal image of the anterior aspect of the
midfoot and first metatarsal-cuneiform joint. The base of the
first metatarsal (MT1) may be seen to the right of the image
with the medial cuneiform to the left (MC). The curved arrow
demonstrates cortical irregularity in keeping with osteophytosis.
The needle may be seen entering the joint from the left of the
image (straight arrow). Curved arrow, osteophytosis at base of
first metatarsal; straight arrow, needle.

13.3.4 Anatomical Considerations

The tendons of peroneus brevis and longus run together
within a common synovial sheath behind and then below
the lateral malleolus. They then divide at the peroneal tu-
bercle on the lateral aspect of the calcaneum. The tendon
of peroneus longus then passes under the foot while per-
oneus brevis continues laterally to insert onto the base of
the fifth metatarsal.

The point at which the tendons divide is a useful entry
point for the needle. Clinically, this division can be felt
as a “V-shaped” fork between the tendons on the lateral
aspect of the calcaneum.

13.3.5 Procedure

 The patient is positioned in side-lying with the symp-
tomatic side uppermost.

» The transducer is placed in an oblique coronal plane
longitudinally over the peroneal tendons below and
posterior to the lateral malleolus.

* The needle is introduced in the longitudinal plane of
the transducer from an anterior and inferior to poste-
rior and superior direction into the space between the
two tendons.

* Injection is given as a bolus.

« If the condition is acute and inflamed indicating a fairly
acute tenosynovitis, the injection is given as a relatively
low-volume bolus typically with 20-mg Depo-Medrone
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and 2-mL 1% local anesthetic. However, if the condition
is more chronic and if the ultrasound demonstrates
significant synovial thickening within the peroneal
sheath, a higher-volume injection may be given with
20-mg Depo-Medrone and 2-mL 1%local anesthetic
and up to 20-mL normal saline. It is suggested that a
connecting tube is used if this procedure is undertaken.

13.3.6 The Injection
See » Fig. 13.5 and » Fig. 13.6.

Fig. 13.5 Peroneal tendon sheath injection. The probe is
placed in an oblique coronal plane longitudinally over the
peroneal tendons below and posterior to the lateral malleolus.
The needle is introduced in the longitudinal plane of the
transducer from an anterior and inferior to posterior and
superior direction into the space between the two tendons.

13.4 Tibialis Posterior Injection
13.4.1 Cause

* Commonly overuse and related to overpronation of the
foot in both the athlete and nonathlete.

13.4.2 Presentation

Pain is located around the medial aspect of the ankle pos-
terior and below the medial malleolus. If the patient has
an insertional tendinopathy, then the pain may be located
at the medial aspect of the midfoot at the insertion of the
tendon of tibialis posterior onto the medial aspect of the
navicular and medial cuneiform. Pain may also be repro-
duced with resisted inversion of the foot.

13.4.3 Equipment
See » Table 13.4.

13.4.4 Anatomical Considerations

The tendon of tibialis posterior is the tendon positioned
most anteriorly within the tarsal tunnel and is imme-
diately behind the medial malleolus. Running directly
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13.3.7 Notes

Careful consideration should be given to the foot position
particularly in cases of chronic overuse. Occasionally, the
peroneus brevis insertion onto the base of the fifth meta-
tarsal is the problem and ultrasound of this area demon-
strates an insertional tendinopathy. If this is the case, an
injection may be given here using a fenestration technique.

Fig. 13.6 Longitudinal image of the peroneal tendons around
the posterior and inferior aspect of the lateral malleolus (LM).
The peroneus brevis (PB) tendon may be seen laying deep to
the peroneus longus (PL) tendon. The needle direction is given
by the yellow arrow. PB MS, peroneus brevis muscle; straight
arrow, needle direction.

Table 13.4 Equipment needed for tibialis posterior injection

Syringe Needle Corticosteroid Local Transducer
anesthetic

50r10 23 20-mg Depo-  2-mL 1% (+ Linear or

mL gauge Medrone 10-mLnor-  hockey
mal saline) stick

behind tibialis posterior in the tarsal tunnel is the tendon
of flexor digitorum longus. Moving further posteriorly is
the neurovascular bundle consisting of the tibial nerve
and posterior tibial artery and vein. Finally and most pos-
teriorly the tendon of flexor hallucis longus can found as
it runs between the medial and lateral posterior talar tu-
bercles. This forms the so-called Tom (tibialis posterior),
Dick (flexor digitorum longus), and Harry (flexor hallucis
longus) of the tarsal tunnel.

13.4.5 Procedure

» The patient is positioned in supine with the symptom-
atic leg externally rotated and the knee bent to 90 de-
grees. The lateral aspect of the ankle is supported on a
pillow.

* The transducer is placed in the oblique coronal plane
longitudinally over the tibialis tendon posterior to the
medial malleolus.

* The needle is introduced in the longitudinal plane of
the transducer from an inferior to superior direction so
that it rests against the tendon.

* Injection is given as a bolus.
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« If the condition is acute and inflamed indicating a fairly
acute tenosynovitis, the injection is given as a relatively
low-volume bolus typically with 20-mg Depo-Medrone
and 2-mL 1% local anesthetic. However, if the condition
is more chronic and if the ultrasound demonstrates sig-
nificant synovial thickening within the tendon sheath,
a higher-volume injection may be given with 20-mg
Depomedrone and 2-mL 1%local anesthetic and up to
10-mL normal saline. It is suggested that a connecting
tube is used if this procedure is undertaken.

13.4.6 The Injection
See »Fig. 13.7 and » Fig. 13.8.

13.4.7 Notes

Although a relatively acute tenosynovitis affecting the tib-
ialis posterior tendon is possible, it is for more common

Fig. 13.7 Tibialis posterior sheath injection. The probe is
placed in the oblique coronal plane longitudinally over the
tibialis tendon posterior to the medial malleolus. The needle

is introduced in the longitudinal plane of the probe from an
inferior to superior direction so that it rests against the tendon.

13.5 Flexor Hallucis Longus
Tendon Sheath Injection

13.5.1 Cause

» Often overuse and related to overpronation of the foot
in both the athlete and nonathlete.

» Often associated with an os trigonum and posterior
ankle impingement.

13.5.2 Presentation

* Pain is located around the posteromedial aspect of the
ankle posterior to the medial malleolus.

» Pain may be reproduced with active flexion of the
great toe.
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for this tendon to be affected by significant tendinopathy.
When this is the case, it is almost always associated with
significant overpronation of the foot and flattening of the
medial longitudinal arch. This results in the tendon being
placed in a relatively overstretched position and without
the bony support of a good medial arch the tendon is
chronically overloaded. If this is the case, injection should
only be considered once the patient is compliant with a
program of rehabilitation and has also been assessed in
regard to appropriate footwear including orthotic.

When significant tendinopathy is noted on ultrasound,
care should be taken with regard to injection as the pa-
tient is potentially more at risk of tendon rupture. Indeed
it may be worth immobilizing the ankle in a boot postin-
jection for 2 to 4 weeks to allow symptoms to settle prior
to recommencing with rehabilitation.

Fig. 13.8 Longitudinal image of the tendon of tibialis

posterior (short yellow arrows) around the posterior and inferior
aspect of the medial malleolus (MM). The image demonstrates
a relatively intact tendon of tibialis posterior. However,

marked tenosynovitis and associated synovial thickening

is noted (white stars). The straight arrow demonstrates the
direction of the needle. Long yellow arrow, direction of the
needle; white stars, effusion and synovial thickening of tendon
sheath.

Pain may also be reproduced with passive extension of
the great toe and dorsiflexion of the ankle.

13.5.3 Equipment
See »Table 13.5.

Table 13.5 Equipment needed for flexor hallucis longus tendon
sheath injection

Syringe Needle Corticosteroid Local Transducer
anesthetic

50r10 23 gauge 20-mgDepo- 2-mL1% Linear or

mL Medrone (£10-mL  hockey
normal stick
saline)
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13.5.4 Anatomical Considerations

The tendon of flexor hallucis longus is the most posteri-
orly positioned tendon in the tarsal tunnel lying deep and
slightly lateral to the posterior tibial artery and vein and
tibial nerve. The tendon runs between the posterior me-
dial and lateral talar tubercles which together form the
posterior process of the talus.

The tarsal tunnel consists of the tendon of tibialis pos-
terior which is the most anteriorly placed structure in the
tunnel running immediately behind the medial malleo-
lus. Running directly behind tibialis posterior in the tarsal
tunnel is the tendon of flexor digitorum longus. Moving
further posteriorly is the neurovascular bundle consisting
of the tibial nerve and posterior tibial artery and vein. The
tendon of flexor hallucis longus is deep and lateral to the
neurovascular bundle. This forms the so-called Tom (tib-
ialis posterior), Dick (flexor digitorum longus), and Har-
ry (flexor hallucis longus) of the tarsal tunnel.

13.5.5 Procedure

» The patient is positioned in prone with the foot hang-
ing off the edge of the couch.

» The transducer is placed in the anatomical transverse
plane over the Achilles tendon so that the tendon of
flexor hallucis longus may be seen deep to the Achilles.

* The needle is introduced in the longitudinal plane of
the transducer from a lateral to medial direction deep
to the Achilles tendon aimed at the tendon of flexor
hallucis longus. Injection is given as a bolus.

Fig. 13.9 Flexor hallucis longus tendon sheath injection. The
probe is placed in the anatomical transverse plane over the
Achilles tendon so that the tendon of flexor hallucis longus
may be seen deep to the Achilles tendon. The needle is
introduced in the longitudinal plane of the probe from a lateral
to medial direction deep to the Achilles tendon aimed at the
tendon of flexor hallucis longus tendon.

« If the condition is acute and inflamed indicating a fairly
acute tenosynovitis, the injection is given as a relatively
low-volume bolus typically with 25-mg Depo-Medrone
and 2-mL 1% local anesthetic. However, if the condition
is more chronic and if the ultrasound demonstrates sig-
nificant synovial thickening within the tendon sheath,
a higher-volume injection may be given with 20-mg
Depo-Medrone and 2-mL 1%local anesthetic and up to
10-mL normal saline. It is suggested that a connecting
tube is used if this procedure is undertaken.

13.5.6 The Injection
See »Fig. 13.9 and » Fig. 13.10.

13.5.7 Notes

Using a lateral approach deep to the Achilles tendon al-
lows the needle to move toward the tendon of flexor hal-
lucis longus from the opposite side to the neurovascular
bundle. The needle passes safely though Kager’s fat.

Care should be taken to inject deep to the Achilles to
avoid the laterally positioned sural nerve.

Problems involving the tendon of flexor hallucis longus
are often associated with an accessory os trigonum. This
can be readily visualized with ultrasound as the calcific
foci deep to the Achilles tendon at the posterior aspect of
the ankle. If present, guided injection may still be of ther-
apeutic benefit but also useful diagnostically if surgery is
being considered to remove the accessory bone.

Fig. 13.10 Transverse image of the tendon of flexor hallucis
longus. The tendon (curved arrow) may be seen within the
groove formed by the posterior medial (PMTT) and posterior
lateral talar tubercles (PLTT). The straight arrow demonstrates
the direction of the needle. Curved arrow, flexor hallucis
longus tendon.
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13.6 Sinus Tarsi Injection
13.6.1 Cause

» May be related to a capsulitis posttrauma.
» Often overuse and related to overpronation of the foot
in both the athlete and nonathlete.

13.6.2 Presentation

 Pain is located deep within the ankle joint and heel.

» A capsular restriction of the subtalar joint may be pres-
ent with a gradually increasing limitation of passive
adduction of the calcaneum.

13.6.3 Equipment
See »Table 13.6.

Table 13.6 Equipment needed for sinus tarsi injection

Syringe  Needle Corticosteroid Local Trans-
anesthetic ducer
2mL 23 gauge 20-mg Depo- 1-mL 1% Linear or
Medrone hockey
stick

13.6.4 Anatomical Considerations

The sinus tarsi (talocalcaneal sulcus) is a tunnel between
the talus and the calcaneus and forms part of the subtalar

joint dividing the anterior talocalcaneonavicular joint and

the posterior facet of the subtalar joint. The joint runs in
an oblique direction from anterolateral to posteromedial.

13.6.5 Procedure

» The patient is positioned in supine with the knee bent
to 90 degrees and the foot placed flat on the couch.

» The transducer is placed in the anatomical sagittal
oblique plane over the sinus tarsi at its anterolateral
opening.

* The needle is introduced in the longitudinal plane of
the transducer from an anterolateral to a posteromedi-
al direction below the inferior tibiofibular joint.

» The needle is advanced and the injection is given as a
bolus.

« It is not possible to clearly see the needle but accuracy
can be assured by movement of the overlying soft tis-
sue as the needle passes into the sinus tarsi.

13.6.6 The Injection
See »Fig. 13.11 and » Fig. 13.12.

13.6.7 Notes

Although ultrasound can assist in the accuracy of injec-
tion of the sinus tarsi, it is not possible for ultrasound to
give any practical information possible pathology. If fur-
ther information is required, MRI is the imaging modality
of choice.

If injection is being considered, it is important that the
patient’s foot position is first assessed and that any ex-
cessive pronation or lack of support is addressed prior to
injection being given.

Fig. 13.11 Sinus tarsi injection. The probe is placed in the
anatomical sagittal oblique plane over the sinus tarsi at
its anterolateral opening. The needle is introduced in the
longitudinal plane of the probe from an anterolateral to a
posteromedial direction below the inferior tibiofibular joint.

) O

Fig. 13.12 Ultrasound image of the anterolateral opening of
the sinus tarsi. The talus (TA) forms the roof of the sinus tarsi
and the calcaneum (CA) the floor. The anterolateral opening of
the sinus tarsi is shown by the curved arrow. The straight arrow
demonstrates the direction of the needle.
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13.7 Retrocalcaneal Bursa
Injection

13.7.1 Cause

» Often related to overuse in such sporting activities
which require repeated plantarflexion of the foot such
as football and dance.

» This condition may also be related to an underlying
inflammatory arthropathy.

13.7.2 Presentation

* Pain is located deep within the posterior aspect of the
ankle.

* Pain may be reproduced with passive end-range plan-
tarflexion and direct palpation of the area immediately
deep to the Achilles tendon.

13.7.3 Equipment
See » Table 13.7.

Table 13.7 Equipment needed for retrocalcaneal bursa injection

Syringe  Needle Corticosteroid  Local Trans-
nesthetic ducer
2mL 23 gauge  20-mg 1-mL1%  Linear or
Depo-Medrone hockey

stick

13.7.4 Anatomical Considerations

The retrocalcaneal bursa lies deep to the Achilles tendon
in the triangular-shaped space created by the anterior
surface of the Achilles tendon and the posterior aspect of
the distal tibia and upper calcaneus.

13.7.5 Procedure

» The patient is positioned in the prone position with
the foot hanging over the edge of the couch at approxi-
mately 90 degrees.

» The transducer is placed in the anatomical transverse
plane over the retrocalcaneal bursa immediately supe-
rior to the upper edge of the posterior calcaneum.

* The Achilles tendon is identified and the depth re-
quired to reach the bursa and avoid the tendon is noted.

* The needle is introduced in the longitudinal plane of
the transducer from a lateral to medial direction below
anterior to the Achilles tendon.

* The needle is advanced and the injection is given as a
bolus.
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13.7.6 The Injection
See »Fig. 13.13 and » Fig. 13.14.

13.7.7 Notes

Inflammation of the retrocalcaneal bursa is often associ-
ated with a degree of Achilles tendinopathy particularly
when this occurs within the Achilles insertion onto the
posterior calcaneum. If this is the case, a holistic ap-
proach is required with treatment being directed at both
the bursa and the Achilles tendon.

In patients who present with a retrocalcaneal bursa
with no clear mechanical cause, an underlying inflamma-
tory arthropathy should be considered.

Fig. 13.13 Retrocalcaneal bursal injection. The probe is
placed in the anatomical transverse plane over the Achilles
tendon and retrocalcaneal bursa immediately superior to the
upper edge of the posterior calcaneum. The Achilles tendon
is identified and the depth required to reach the bursa and
avoid the tendon is noted. The needle is introduced in the
longitudinal plane of the transducer from a lateral to medial
direction below anterior to the Achilles tendon.

Fig. 13.14 Transverse image of the Achilles tendon (TA). In this
image, there is a low echo region deep to the Achilles tendon
representing a retrocalcaneal bursitis (white stars). The needle
may be seen entering this region from the right side of the
image (straight arrows).
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13.8 Midsubstance Achilles
Tendon: High-Volume Injection

13.8.1 Cause

Tendinopathy of the Achilles tendon is often related to
overuse in sporting activities involving running and
jumping. However, this is also a common presentation in
those who partake of little exercise.

Pathology may occur within the midsubstance of the
tendon or at its insertion onto the posterior aspect of the
calcaneum. High-volume injection is a procedure which
can be used for pathology within the midsubstance of the
tendon.

13.8.2 Presentation

* Pain is located within the midthird of the tendon.
» There may be a visible swelling at the site of pain.
» Pain may be reproduced with active plantarflexion.

13.8.3 Equipment
See »Table 13.8.

Table 13.8 Equipment needed for midsubstance Achilles
tendon: high-volume injection

10mL(up 23 20-mg Depo-  5-mL 1% Linear or

to5 gauge Medrone (+40-mL  hockey

syringes)  1.25 normal stick
inch saline)

The use of connecting tubing (Angiotech-Connecting
Tube/LP OWS/Female-Male) allows the clinician to hold
the needle in place under ultrasound guidance while an
assistant provides the pressure necessary to adminis-
ter the injection without direct pressure on the needle.
The use of connecting tubing also allows the assistant to
change syringes over without disturbing the needle posi-
tion (> Fig. 13.15, » Fig. 13.16).

13.8.4 Anatomical Considerations

A medial approach is used to avoid the sural nerve as it
runs along the lateral aspect of the tendon.

It is important to ensure that the needle is placed im-
mediately at the anterior surface of the Achilles tendon.

13.8.5 Procedure

» The patient is positioned in the prone position with
the foot hanging over the edge of the couch at approxi-
mately 90 degrees.
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Fig. 13.15 Syringes, connecting tubing, and 23-gauge needle
ready for use.

Fig. 13.16 Syringe connected to needle via flexible tubing.

 Four or five syringes are prepared. The first contains
20-mg Depo-Medrone and 5-mL 1% local anesthetic.
The remaining three or four are each filled with 10-mL
normal saline.

» The transducer is placed in the anatomical transverse
plane over the site of maximum Achilles thickening.

* A needle is connected to the flexible tubing and intro-
duced in the longitudinal plane of the transducer from
a medial to lateral direction immediately deep to the
Achilles tendon.

» The first syringe containing corticosteroid and local
anesthetic is connected to the tubing and injected as
a bolus.

* Following this the remaining syringes containing nor-
mal saline are connected sequentially to the tubing and
injected as a bolus.

« In total, the injection consists of 20-mg Depo-Medrone,
5-mL 1% local anesthetic, and up to 40-mL normal
saline (> Fig. 13.17).

13.8.6 The High-Volume Injection
See » Fig. 13.18 and » Fig. 13.19.
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. a
Fig. 13.17 Midsubstance Achilles tendon high-volume
injection. The patient is positioned in prone with the foot
hanging over the edge of the couch at approximately 90
degrees. The probe is placed in the anatomical transverse
plane over the site of maximum Achilles thickening and
introduced in the longitudinal plane of the probe from a
medial to lateral direction immediately deep to the Achilles
tendon.

13.8.7 Notes

Postinjection, the patient is advised on relative rest for 3
days. During this time they are allowed to carry out gentle
stretching but no excessive loading of the tendon. Follow-
ing this 3-day period, the patient can restart a program of
more vigorous eccentric loading for a further 3 days but
no sport. Following this second period, the patient is al-
lowed a gradual return to sport as pain allows.

Tendinopathy may be considered an ongoing patho-
logical process which in many patients requires regular
maintenance in the form of exercise. An injection should
therefore be considered as part of an overall rehabilitation
management plan. This should include correct stretching
and strengthening and where appropriate evaluation of
running style and footwear.

13.9 Plantar Fascia Injection
13.9.1 Cause

» Overuse associated with poor foot position and inade-
quate footwear.
« Idiopathic.

13.9.2 Presentation

* Pain is located inferior to the heel more often at the
medial aspect.
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Fig. 13.18 High-volume injection is being given. The first
operator positions the needle under ultrasound guidance. The
second operator connects the needles in order and delivers the
injection.

Fig. 13.19 Transverse image of the midsubstance of the
Achilles tendon (TA). The tendon appears thickened (caliper
crosses) and exhibits posterior enhancement (arrowheads) in
keeping with a decreased density of tendon tissue as the result
of tendinopathy. The straight arrow indicates the line of needle
entry. Crosses, measurement calipers; KA, Kager’s fat; straight
arrow, direction of the needle.

* The patient usually describes pain on initial
weight-bearing particularly first thing in the morning
when getting out of bed.

* Pain may be reproduced with palpation of the fascia at
the anterior medial calcaneal tubercle.

13.9.3 Equipment
See »Table 13.9.

Table 13.9 Equipment needed for plantar fascia injection

Syringe Needle  Corticosteroid Local Transducer
anesthetic
5mL 23 20-mg 4-mL 1% Linear
gauge Depo-Medrone
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13.9.4 Anatomical Considerations 13.9.6 The Injection

The plantar fascia arises from the anterior medial and  See »Fig. 13.20 and » Fig. 13.21a,b.
lateral calcaneal tubercles on the inferior surface of the
calcaneum. Pathology is always located at the medial
tubercle. Calcaneal heel spurs may be noted on X-ray or
ultrasound. However, although heel spurs appear to be
associated with plantar fascia pain, they do not indicate
any degree of severity. Indeed heel spurs are commonly
present in the asymptomatic heel.

It should be noted that although this condition is com-
monly referred to as plantar fasciitis, there is no evidence
of this being an inflammatory condition. Ultrasound
demonstrates this well with marked thickening and loss
of normal fascial architecture being noted in the symp-
tomatic heel.

13.9.7 Notes

For this injection to be effective, it is essential that the
patient is advised on correct stretching and if needed
correct footwear including orthotics when necessary. It
is suggested that the patient’s foot is taped following the
injection to off-load the fascia.

Although this can be a painful injection, using the me-
dial approach outlined above is less painful than injecting
directly through the heel pad and fascia. If the patient or
clinician is still concerned about pain, a tibial nerve block
may be performed.

13.9.5 Procedure

» The patient is positioned in supine with the leg rotated
externally and the knee best allowing the lateral aspect
of the foot to rest on the couch.

» The transducer is placed in the anatomical transverse
plane over the plantar fascia at its origin on the antero-
medial calcaneal tubercle.

» The plantar fascia is identified and the depth required
to reach the inferior surface is noted.

* The needle is introduced in the longitudinal plane of
the transducer from a medial to lateral direction so that
the needle tip lies superficially to the plantar fascia.

» Approximately 1 mL is injected superficially to the fas-
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cia at this point.

Next, the needle is partially withdrawn and directed
toward the deep surface of the plantar fascia so that
it lies immediately adjacent to the undersurface of the
calcaneum. The remainder of the injection is given here
as a bolus.

Fig. 13.20 Plantar fascia injection. The probe is placed in

the anatomical transverse plane over the plantar fascia

at its origin on the anteromedial calcaneal tubercle. The
needle is introduced in the longitudinal plane of the probe
from a medial to lateral direction so that the needle tip lies
superficially to the plantar fascia. Approximately 1 mL is
injected superficially to the fascia at this point. Next, the
needle is partially withdrawn and directed toward the deep
surface of the plantar fascia so that it lies immediately adjacent
to the undersurface of the calcaneum.

Fig. 13.21 (a) Transverse image of the plantar fascia (PF). The needle (white arrow) may be seen from the right side of the image
laying immediately superficial to the fascia. (b) Transverse image of the plantar fascia (PF). The needle (white arrow) may be seen from
the right side of the image laying immediately deep to the fascia. CA, calcaneum; FP, fat pad.
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13.10 First
Metatarsophalangeal Joint
Injection

13.10.1 Cause

» Osteoarthritis often associated with a hallux valgus or
a hallux rigidus.
» May be related to overuse or trauma.

13.10.2 Presentation

 Pain is located within the toe joint.
» There may be a capsular restriction with a painful lim-
itation of flexion more than extension.

13.10.3 Equipment
See »Table 13.10.

Table 13.10 Equipment needed for first metatarsophalangeal
jointinjection

Syringe Needle  Corticosteroid Local Transducer
anesthetic
2 mL 25 10-mg 1-mL 1% Hockey
gauge Depo-Medrone stick

13.10.4 Anatomical Considerations

The metacarpal head is more prominent superiorly than
the base of the proximal phalanx. This facilitates needle
entry into the joint from a distal to proximal direction.

Fig. 13.22 First metatarsophalangeal joint injection. The
probe is placed in the anatomical sagittal plane over the
metatarsophalangeal joint. The needle is introduced into the
joint from a distal to proximal direction.

In patients with pain located at the inferior surface of
the first metacarpophalangeal joint attributable to the
sesamoid bones, this injection may be of diagnostic and/
or therapeutic benefit as it should be noted that these
bones are intra-articular.

13.10.5 Procedure

* The patient is positioned in supine with the knee bent
to 90 degrees and the foot resting flat on the couch.

* The transducer is placed in the anatomical sagittal
plane over the metatarsophalangeal joint.

* The needle is introduced into the joint from distal to
proximal direction.

* The injection is given as a bolus.

13.10.6 The Injection
See » Fig. 13.22 and > Fig. 13.23.

13.10.7 Notes

Injection of the metatarsophalangeal joint of the great toe
can give long-lasting symptomatic relief even if the joint
is significantly arthritic. A similar approach may be used
for second to fifth metatarsophalangeal joints if required.

As an alternative to corticosteroid in the arthritic meta-
tarsophalangeal joint, which exhibits little active inflam-
mation injection of a hyaluronan, may also be considered.
The approach would be the same.

Fig. 13.23 Longitudinal image of the first
metatarsophalangeal joint. The metatarsal head (MT) may be
seen to the left of the image with the base of the proximal
phalanx (PP) to the right. The straight arrow indicates the
needle direction.
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13.11 Morton’s Neuroma
Injection

13.11.1 Cause

* A benign neuroma of an intermetatarsal nerve.

» The exact cause is unknown, but it may be due to re-
petitive compression and subsequent irritation of the
nerve between the metatarsal heads.

13.11.2 Presentation

» The patient may describe a burning pain, paresthesia,
and numbness located between the affected toes.

» The second to third or third to fourth intermetatarsal
spaces are most commonly affected.

* Pain is felt on weight-bearing.

* There may be a characteristic “Mulder’s click” with
transverse pressure of the metatarsal heads.

13.11.3 Equipment
See »Table 13.11.

13.11.4 Anatomical Considerations

A Morton’s neuroma is normally situated deep between
the metatarsal heads. As such it may be difficult to

Table 13.11 Equipment needed for Morton’s neuroma injection

Syringe Needle  Corticosteroid Local Transducer
anesthetic

2mL 25 gauge 20-mg Depo- 1-mL 1% Linear probe
Medrone or hockey
stick

Fig. 13.24 Morton’s neuroma injection. The probe is placed

in the anatomical coronal plane over the plantar aspect of

the metatarsal heads with the interspace to be injected
centrally placed on the screen. Gentle transverse pressure

can be applied to cause the neuroma to move in a plantar
direction. The needle is introduced between the relevant
metatarsal heads from a superior to inferior direction so that it
approached the probe directly.

visualize on ultrasound. However, with the probe placed
transversely over the plantar aspect of the metatarsal
heads the clinician can apply a transverse pressure to the
metatarsal heads which may result in the reproduction
of a positive Mulder’s click and movement of the neuro-
ma in a plantar direction which may be seen as low echo
foci. Imaging in an anatomical sagittal plane between the
metatarsal heads can also outline the neuroma.

13.11.5 Procedure

» The patient is positioned in supine with the leg and
foot resting on the couch.

» The transducer is placed in the anatomical coronal
plane over the plantar aspect of the metatarsal heads
with the interspace to be injected centrally placed on
the screen.

* The needle is introduced between the relevant meta-
tarsal heads from a superior to inferior direction so that
it approached the probe directly.

» Gentle transverse pressure can be applied to cause the
neuroma to move in a plantar direction. The needle can
then be seen to rest against the neuroma.

» The injection is given as a bolus so that the fluid can be
seen to accumulate between the metatarsal heads deep
to the neuroma.

13.11.6 The Injection
See »Fig. 13.24 and » Fig. 13.25.

13.11.7 Notes

Care should be taken not to inject too deeply. If this is the
case, the fluid can be seen to collect within the superficial
plantar tissue and the needle should be partially withdrawn.
One or two injections can be effective in alleviating
symptoms in the longer term. If, however, the problem
returns alternative treatment should be considered.

Fig. 13.25 Transverse image of the forefoot and metatarsal
heads. The low eco foci (curved arrow) may be seen between
the third and fourth metatarsal heads (3 and 4). In this
example, a transverse pressure has been applied causing the
neuroma to move in a plantar direction. The straight arrow
indicates the direction of the needle. Curved arrow, neuroma;
straight arrow, needle direction for injection; white crosses,
measurement calipers.
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Achilles tendon imaging in 142,
145-146, 148
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anterior tibiofibular ligament
127,128
calcaneocuboid jointin 139,
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138
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136, 137-138
injections
Achilles tendon, midsubstance
high-volume 166-167
flexor hallucis longus tendon
sheath 162, 163
metatarsophalangeal joint,
first 169
mid tarsal joint 159, 160
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10,171-13
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Carpal tunnel imaging 51, 52-53
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Elbow
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37-38
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medial 40, 41-42
posterior 42, 43-44
radiocapitellar joint 35
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common extensor tendon
46, 47

common flexor tendon 47, 48
elbow joint 45, 46
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tennis 46, 47
Enthesiopathy 3
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in ankle joint injection 158
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in ganglion cyst aspiration 74
in glenohumeral joint injection 25
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in hip joint injection 90
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in radiobicipital bursa injection 48
in radiocarpal joint injection 69
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in sternoclavicular joint injection
29
in subacromial/subdeltoid bursa
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in suprascapular nerve block 37
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in tibialis posterior injection 167
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57
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Extensor carpi ulnaris imaging 58, 59
Extensor digiti minimi imaging
57,59
Extensor digitorum longus imaging
57
Extensor indicis imaging 57
Extensor pollicis brevis imaging
56,57
Extensor pollicis brevis tendon,
tenosynovitis in 4
Extensor pollicis longus imaging 57

F

Fascial rupture, in heel 152
First carpometacarpal joint imaging
64, 65
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First dorsal compartment injection
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First metatarsophalangeal joint
injection 169

Flexor digitorum longus tendon
tear 157

Flexor hallucis longus tendon sheath
injection 162, 163

Flexor tendon imaging 63-64

Frozen shoulder 25, 26

G

Ganglion cyst
guided aspiration of, in hand 74
in knee 108
Gastrocnemius, normal 8
Gastrocnemius tear 8, 149
Glenohumeral joint
diagram 11, 16, 19, 21-22
injection 25, 26
Colfer’s elbow 47, 48
Greater trochanter injection 93, 94
Guyon’s canal imaging 52, 53-54
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Heel spur 151
Hip 83
imaging
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anterior inferior iliac spine in
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anterior superior iliac spine
in 80
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lateral femoral cutaneous nerve
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lateral hip in 84, 85-86

medial 82, 83
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hip joint 90, 97
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psoas bursa 91, 92

Humeroulnar joint 35, 36
Hydrodilatation, in glenohumeral

joint injection 26

Imaging, diagnostic
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Achilles tendon and calf in
142,143
Achilles tendon and plantaris in
143, 146-147
Achilles tendon imaging in 142,
145-146, 148
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anterior 124, 125-130
anterior talofibular ligament in
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musculotendinous junction
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56,57

extensor pollicis longus in 57
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imaging in 64, 65
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Guyon’s canal in 52, 53-54

metacarpophalangeal joint
in 62

midcarpal jointin 59, 60

proximal interphalangeal joint
in 62

longitudinal popliteal fossa in
109, 110
medial 103, 104-105
popliteus tendon in 107, 108
proximal tibiofibular joint
in 108
suprapatellar region in 97, 98
transverse popliteal fossa
in 109
injections
proximal tibiofibular joint 108
jumper’s 100

Popliteal fossa, imaging of
longitudinal 109, 170
transverse 109
Popliteus tendon imaging 107, 108
Proximal interphalangeal joint
imaging 62

Proximal peroneal tendon imaging
136, 137-138

Proximal tibiofibular joint imaging
108

Psoas bursa injection 91, 92

Pulley system imaging 63-64

145, 149 radiocarpal joint in 59, 60 Pulley system injection 72, 73
plantar aspect of heel in 150, scapholunate jointin 59, 60-61
151-152 ulnar collateral ligament in 65
proximal peroneal tendon in Infrapatellar fat pad imaging 95,
. 136, 137-138 . 96,97 . Lateral collateral ligament imaging Q
in erovx{ Infraspmat‘us tepdon, in shoulder 106 Quadriceps, normal 7
anterior 33, 34-36 imaging 19, 20 Lateral femoral cutaneous nerve 81 Quadriceps rupture 1017

distal biceps tendon in 36, Infraspinatus tendon rupture 20

Leg, posterior compartment of Quadriceps tendon rupture 101

37-38 Inguinal ligament imaging 81 144. 147
humeroulnar joint 35, 36 Injection — . N
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lateral 38, 39-40 A1 pulley 72, 73 °"g't“d'”fog°?7'5ea 0553 Imaging
medial 40, 41-42 Achilles tendon, midsubstance ’ R

posterior 42, 43-44
radiocapitellar joint 35

in hip
anterior hip jointin 77, 78
anterior inferior iliac spine in

high-volume 166-167
acromioclavicular joint 28
biceps insertional tendinopathy M

48,49
biceps tendon sheath 30

Radiobicipital bursa injection 48, 49
Radiocarpal joint imaging 59, 60
Radiocarpal joint injection 69, 70

Medial collateral ligament tear 105 Radiocepitellar joint 35

78, 79-80 carpal tunnel syndrome 75, 76 Meniscal tear 104 Rectus femoris tear 8, 102
anterior superior iliac spine carpometacarpal joint 70, 71 Metacarpophalangeal joint Rectus femoris tendinopathy 82
in 80 common extensor tendon 46, 47 imaging of 62 Rectus femoris tendon tear 82

rheumatoid arthritis in 6, 66
subluxation 66, 68

Retrocalcaneal bursa injection 165
Retrocalcaneal bursitis 148

common flexor tendon 47, 48
elbow joint 45, 46

inguinal ligamentin 81
lateral femoral cutaneous nerve

in 81 first dorsal compartment 71, 72 synovitis in 66 Rheumatoid arthritis 6, 66
lateral hip in 84, 85-86 flexor hallucis longus tendon volar plate avulsion in 66
medial 82, 83 sheath 162, 163 Metatarsophalangeal joint injection,
symphysis pubis in 89 ganglion cyst aspiration 74 first 169
in knee glenohumeral joint 25, 26 Metatarsophalangeal joint synovitis S

distal iliotibial band in 107 greater trochanter 93, 94 156

Scapholunate joint imaging 59,

infrapatellar fat pad in 95, hamstring tendon origin 92, 93 Midcarpal joint imaging 59, 60 60-61
96, 97 hip joint 90, 97 Mid tarsal joint injection 159, 160 Semitendinosus tear 8
lateral collateral ligament ischial bursa 92, 93 Morton’s neuroma 153 Shoulder
in 106 metatarsophalangeal joint, first Morton’s neuroma injection 169, frozen 25, 26
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109, 110 mid tarsal joint 159, 160 Muscle 7 acromioclavicular joint in 17,
popliteus tendon in 107, 108 Morton’s neuroma 169, 170 Muscle rupture 8 20, 22-23

proximal tibiofibular joint olecranon bursa 49, 50 Muscle strain infraspinatus tendon in 19, 20

in 108 peroneal tendon sheath 160, gradell 7 long head of biceps tendon in
suprapatellar region in 97, 98 161-162 grade Il 8 10, 11-13
transverse popliteal fossa plantar fascia 167, 168 Muscle tears 8 sternoclavicular joint in 22
in 109 proximal tibiofibular joint 108 Musculoskeletal medicine 2 23-25 ’
in shoulder psoas bursa 91, 92 Musculotendinous junction Achilles studies for 10
acromioclavicular jointin 17, radiobicipital bursa 48, 49 . apd calf 142, 145, 149 subacromial bursain 16, 17-19
20, 22-23 radiocarpal joint 69, 70 Myositis ossificans 8 subcoracoid impingement

retrocalcaneal bursa 165
sinus tarsi 164

infraspinatus tendon in 19, 20
long head of biceps tendon in

in 15
subscapularis tendon in 14

10,77-13 sternoclavicular joint 29 suprascapular nerve in 19,
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23-25 26,27 Neovascularization 5, 40 suprascapular notch in 19,
studies for 10 suprascapular nerve block 31, 32 Nerve 9 20-21
subacromial bursain 16, 17-19 talocrural joint 158, 159 Nerve block, suprascapular 31, 32 supraspinatus tendon in 16,
subcoracoid impingement tibialis posterior 161, 162 17-19

in 15 Interdigital imaging in foot 152, 153 injections

Intermetatarsal bursa 153

subscapularis tendon in 14
Ischial bursa injection 92, 93 (0]
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suprascapular nerve in 19,
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in 62 K

distal intersection in 57, 58

Soleus, normal 8
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injection 29
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Patellar tendon rupture 99

174

extensor carpi radialis brevis Knee 98 Patellar tendon tear 7100 in shoulder imaging 22, 23-25
in 57 Baker’s cystin 110-111 Patella tendon, bursitis and 7 Subacromial bursa 16, 17-19
extensor carpi radialis longus ganglion cystin 108 Peroneal tendon sheath injection Subacromial/subdeltoid bursa injecti-
in 57 Imaging 160, 167-162 on 26,27
extensor carpi ulnaris in 58, 59 distal iliotibial band in 107 Plantar aspect of heel, imaging of Subacromial-subdeltoid bursa
extensor digiti minimi in 57, 59 infrapatellar fat pad in 95, 150, 151-152 (SSB) 10
extensor digitorum longus 96,97 Plantar fascia injection 167, 168 Subcoracoid impingement 15
in 57 lateral collateral ligament Plantar fasciosis 157 Subscapularis tendon, in shoulder
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Suprapatellar region imaging 97, 98
Suprascapular nerve 19, 20-21
Suprascapular nerve block 31, 32
Suprascapular notch 19, 20-21
Supraspinatus tendon

bursain 7

in shoulder pathology 16, 17-19
Supraspinatus tendon rupture 17
Supraspinatus tendon tear 17-18
Symphysis pubis imaging 89
Synovial fluid 5, 6
Synovitis

in acromioclavicular joint 23

in metacarpophalangeal joint 66

in pulley system 67

T

Talocrural joint injection 158, 159
Tear, of tendon 3

Tendinopathy 3, 5, 40, 44, 88
Tendonitis 3

Tendon pathology 2, 3

Tendons 2

Tendon sheath pathology 2, 4
Tennis elbow 46, 47
Tenosynovitis 2, 3-4, 13, 135
Thumb
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gingin 64, 65
trigger 72,73
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in 65
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Tibialis posterior tendinopathy 135
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Tibial nerve, normal 9
Tibiofibular joint, proximal
imaging of 108
injection 108
Tibiofibular ligament, anterior,
imaging of 127, 128
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109
Trigger finger 67,72, 73
Trochanteric bursitis 86

U

Ulnar collateral ligament imaging 65
Ulnar collateral ligament insertion
avulsion fracture 68

Ulnar collateral ligament rupture 68
Ulnar collateral ligament tear 42,
67-68

Vv

Vastus intermedius rupture 8, 102

w

Wrist and hand
imaging of
abductor pollicis longus in
56,57
carpal tunnel in 51, 52-53
distal interphalangeal joint
in 62
distal intersection in 57, 58
extensor carpi radialis brevis
in 57
extensor carpi radialis longus
in 57
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extensor digiti minimi in 57, 59
extensor digitorum longus
in 57
extensor indicis in 57
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extensor pollicis longus in 57

first carpometacarpal joint
imaging in 64, 65

flexor tendons in 63-64

Guyond€™s canal in 52, 53-54

metacarpophalangeal joint
in 62

midcarpal jointin 59, 60

proximal interphalangeal joint
in 62

radiocarpal joint in 59, 60
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ulnar collateral ligament in 65

injections

Al pulley 72,73

carpal tunnel syndrome 75, 76

first carpometacarpal joint
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ganglion cyst aspiration 74

radiocarpal joint 69, 70
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