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Second Issue — From the Desk of the Guest Editors

After the success of the first issue of the musculoskeletal (MSK)
series, we are pleased to offer the second issue of the
MSK-related dedicated articles. We have put together further
focused new articles which we think will of interest to the
orthopedic surgeons, researchers, and readers of the JAJS.

In this edition of the journal, we have tried to cover the different
aspects of the MSK imaging. One of the articles describes the
importance of the strength of the magnetic resonance imaging
machine and its advantages and disadvantages. The article on
the incidental findings of sports imaging is quite interesting as
it highlights the importance of knowing and recognizing the
subtle findings or “incidentalomas” other than obvious sports
injuries, which could change the general management and
long-term recovery of the patient.

The article on the ancillary posterior knee edema sign is a
new concept and sign that helps to recognize the significance
of posterior traumatic knee injuries, as we all know that has a
higher impact on the patient’s overall outcome.

We have also covered MSK ultrasound in this issue to improve
familiarization and to assist the readers, in understanding
how the ultrasound images are acquired and their various
indications. The article of the ultrasound-guided injections
also highlights the “tips and tricks” from the experiences of
the authors to improve the ultrasound techniques to assist the
operators who are regularly performing ultrasound-guided
injections. In addition, we have also covered the novel
technique of ultrasound-guided percutaneous release of pulley
in the trigger finger management. The article on the approach
to bone tumors from the UK’s renowned Bone Tumour Centre
highlights and guides the readers about the approach to bone
tumors and their systematic management pathway. This article
explains in detail the different modalities available and how
to use them effectively.

Finally, we would like to thank the authors and reviewers for
their collaborative effort to create a successful second issue.
Once again, we take this opportunity to thank the editorial
board for providing us a wonderful opportunity to create these
two issues of the journal which are focused on the “faceless”
subspecialty of the MSK radiology.
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Review Article

Settings and Indications of Ultrasound in Imaging of Shoulder,
Foot, and Ankle

Yajur Narang, Gabriele Clemente, Hifz Aniq, Rob Campbell, Alpesh Mistry
Department of Radiology, Liverpool University Hospitals NHS Foundation Trust, Liverpool, UK

Ultrasonography is a well-established musculoskeletal imaging technique with a multitude of advantages when compared to other modalities. It
provides great spatial resolution in the evaluation of superficial articular and peri-articular structures including tendons, ligaments, bursae, and
nerves. Given that it is the only modality which allows dynamic assessment, it also plays a crucial role in diagnosing impingement, subluxation/
dislocation, and instability. The purpose of this article is to review the settings and indications of US in the imaging of shoulder, foot, and ankle
in particular. Relevant literature, predominantly in the form of peer-reviewed journal articles was obtained from the electronic databases such
as PubMed and MEDLINE and reviewed in a structured manner. This was combined with background knowledge and expertise in this field.

Keywords: Articular and Peri-articular, dynamic, spatial resolution, ultrasonography

INTRODUCTION

Ultrasound (US) is one of the most effective and established
imaging techniques, which has been practiced for years. With
the ongoing technological advancements, the role of US in
musculoskeletal (MSK) imaging is continuing to expand.

MSK US provides great spatial resolution and is an excellent
tool for the evaluation of joints, bursae, tendons, ligaments,
and other soft-tissue abnormalities.l! Doppler imaging further
provides useful information regarding vascularity which plays
an important role in the identification of pathologies such as
tumors and synovitis.?

US confers great advantages over other modalities. It is safe,
cheap, and free of ionizing radiation. Furthermore, it provides
quick, real-time imaging with the added benefit of dynamic
examination.

This article provides an overview of the settings and indications
of US in the imaging of the shoulder, foot, and ankle.

SHOULDER

Rotator cuff (RC) and subacromial subdeltoid (SASD) bursal
disorders are the most frequent causes of pain in the shoulder.
In particular, RC pathology is the most frequent indication

Access this article online

Quick Response Code:
Website:
https://journals.lww.com/jajs

DOI:
10.4103/jajs.jajs_11_23

for US of the shoulder in patients over 40 years old, most
commonly affected by degenerative tears. A common cause of
pain between the ages of 17-40 is labral pathology.

Shoulder US allows the evaluation of cuff tear, tendinopathy,
calcific tendinitis, and subacromial impingement. Cuff tears
and tendinopathy stem from a variety of factors, however,
the prevalence of RC tears increases with age and there is a
relationship with tendinopathy or tendon degeneration, as well
as previous trauma.>¢

Tendinopathy is related to overuse, with repetitive stresses
leading to the degeneration of collagen fibres.[l Extrinsic
causes related to tendon tears are impingement and
traumatic injuries.®®! The changes seen in RC tendinopathy
are swelling and enlargement of tendons with areas of
hypoechogenicity, loss of fibrillar echotexture, and possible
hyperaemia on Doppler related to neovascularity.®! However,
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distinguishing tendinopathy from tears may be challenging.
US is an operator-dependent technique, but high sensitivity
and specificity similar to those of magnetic resonance
imaging (MRI) can be achieved when performed by
experienced investigators.i%

Full-thickness tears

These are tears involving the entirety of tendon substance from its
articular to the bursal surface. Complete US evaluation involves
examining the short and long axis of the tendon [Figure 1]. The
supraspinatus tendon (SST) is most frequently torn, typically
13—17 mm posterior to the long head biceps tendon (LHBT), at
the interdigitation with Infraspinatus (IST).*! The location of
the tear and its dimension in the transverse and longitudinal axis
are usually defined well with US. The degree of fiber retraction
can be assessed with small cuff tears; however, evaluation may
be difficult with massive tears as these can retract beneath the
bony coracoacromial arch.*d Focal tears appear anechoic or
hypoechoic on US with the defect involving the entire substance
of the tendon and cause a depression of the tendon contour.
The contour should otherwise parallel the convex contour of
the humeral head. Massive tears are those involving two or
more tendons of the RC or measuring more than 5 cm in size.

The following are all indirect signs of cuff tears.*!

Figure 1: Full-thickness tears. (a) The SST tendon is not seen at its
attachment on the greater tuberosity on a longitudinal view as well as (b)
on a transverse view. This is compatible with a full-thickness tear with
retraction. (c) On this longitudinal view of a complete full-thickness tear
of SST, tendon fibres can be seen allowing us to measure the degree of
retraction. Note the presence of a cartilage interface sign (arrow). (d)
Assessment of the degree of volume loss and fatty infiltration of the left
SST muscle, in a Patient with a complete tear, compared to the healthy
contralateral side. The left SST muscle appears reduced in volume
and hyperechoic, this is compatible with initial fatty infiltration. SM:
Supraspinatus muscle, SST: Supraspinatus tendon

»  Superior displacement of the humeral head. In large or
massive full-thickness cuff tears, the humeral head may
be superiorly displaced and in direct contact with the
SASD bursa or impinge on the underside of the acromion

e« Compression: In smaller minimally retracted
full-thickness tears, it may be useful to apply probe
pressure over the deltoid as it may herniate into the tear,
making them easier to visualise

«  Effusion. Acute full-thickness cuff tears are often
accompanied by effusion in the bursa and joint or between
the cuff tear margins

» Cartilage interface sign. Results from greater US
transmission at the level of tear as there is less tendon
tissue impeding the US beam. A prominent hyperechoic
line of the cartilage is seen.(19!

Full-thickness tears in patients younger than 55 years are
mostly post-traumatic. In patients over 55 years old, these are
usually degenerative. ¥ In cases of full-thickness tears, the cuff
muscles should be assessed for fatty atrophy and infiltration,
as their presence correlates with poor prognosis after repair.t!

Partial-thickness tears
These are defined as either intrasubstance lesions or limited to
the articular or bursal aspect of the tendon [Figure 2].

Intrasubstance tears also include delaminating tears or
lesions of the footprint. On imaging, they are seen as focal
hypoechoic defects involving part of the tendon fibers.%*"]
In bursal-sided tears, flattening of the convex surface of the
bursa is seen. Cortical irregularity at the tendon insertion is
seen in articular-sided tears. A rim-rent or partial articular
supraspinatus tendon avulsion tear is a subtype of partial tear
at the SST footprint that breaches the articular surface of the
tendon. Tears of the articular surface (60%) are more frequent
than bursal surface tears (40%). Partial tears are seen in patients
of all ages, most commonly affecting SST.

It is paramount to appropriately align the orientation of the
probe during the US assessment of the RC to eliminate and
reduce anisotropy. Anisotropy is a common US artefact
which occurs with tendons, muscles, and nerves in which the
change in the incident beam angle results in a reduction in the
echogenicity of the structure. In RC assessment, it can mimic
tendinopathy or tears.

Subacromial impingement and bursal pathology

Neer*® proposed that subacromial impingement could be
related to 95% of cuff tears. Dynamic evaluation with US is
useful to demonstrate impingement in real-time. By placing
the transducer above the greater tuberosity and distal acromion,
during abduction-reduced gliding, bursal thickening, and
pooling of fluid can all be appreciated adjacent to the acromion
as the SST moves below the coracoacromial arch. Clinically,
the patient may present with pain during the maneuver, further
reinforcing the suspicion of impingement.l*) However, the
absence of signs of impingement on US does not exclude the
condition.
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Figure 2: Partial thickness tear and tendinopathy. (a) Longitudinal view of
anormal SST tendon, (b) transverse view, the LHBT can be seen in the RI
anterior to the tendon. (c) Articular-sided partial tear of the SST tendon, with
a hypoechoic defect seen to extend into the tendon fibres (arrow) but not to
the bursal surface. Note the cortical irregularity at the tendon attachment in
between the markers. (d) Bursal-sided partial tear of the SST tendon, seen
with a hypoechoic defect and loss of the normal convexity of the bursal
profile. (e) Diffusely tendinopathic IST tendon, the tendon appears markedly
thickened and hypoechoic, and its fibres are not well recognisable. (f) Calcific
tendinopathy of subscapularis with a large intratendon calcification causing
posterior shadowing. ST. Supraspinatus tendon, GT: Greater tuberosity, BT:
Biceps tendon, IT: Infraspinatus tendon, ScT. Subscapularis tendon, SST:
Supraspinatus tendon, LHBT: Long head biceps tendon

Besides impingement, the SASD bursa can also be affected by
secondary changes related to cuff disease and inflammatory
or infective conditions. Bursal distention is classified into
communicating and noncommunicating types, with respect to
the glenohumeral joint (GHJ). Cuff tears are the most frequent
cause of communicating distention, with an association
being observed in 90% of cases.'! This is generally seen
with full-thickness tears, and fluid may even extend into the
acromioclavicular joint (ACJ).

Noncommunicating distention can be caused by subacromial
impingement, intrabursal haemorrhage after trauma,
inflammation due to arthropathy, calcific, or septic bursitis.

The abnormal bursa is distended with fluid [Figure 3a]. It
can contain echogenic synovial hypertrophy, with evidence
of increased Doppler flow in infection or inflammation.
However, US cannot accurately distinguish between infection
and inflammatory conditions.

Calcific tendinitis
This is caused by the deposition of calcium hydroxyapatite,
commonly affecting patients aged 30-50 years.[

Involvement of the SST is most common. However, the
involvement of any component of the cuff, as well as the LHBT
and SASD bursa, is possible [Figure 2f].

Figure 3: Bursal, ACJ and bicipital pathology. (a) Mild distention of the
subacromial bursa (arrow) seen superficially to the SST tendon. (b)
Capsular thickening and synovial hypertrophy (arrow) of the ACJ due
to osteoarthritis. (c) Normal appearance of the LHBT in the groove
on a transverse and (d) longitudinal scan. (e) The LHBT is seen to be
dislocated medially from the bicipital groove. (f) Distention of the LHBT
tendon sheath with anechoic fluid seen around the tendon (arrows)
on this longitudinal view. (g) Mild distention of the LHBT sheath and
increased Doppler vascularity compatible with acute tenosynovitis. (h)
Marked distention of the LHBT sheath on a transverse image. BT: Biceps
Tendon, ST: Supraspinatus tendon, LHBT: Long head biceps tendon, ACJ:
Acromioclavicular joint

US localizes calcifications within tendons and represents a
means to guide interventional procedures like barbotage for
treatment.?+22

Calcifications demonstrate variable appearance on US: Either
oval deposits with posterior acoustic shadowing or clumped,
amorphous echogenic deposits with no posterior shadowing.6!
In the acute phase, hyperemia can be recognized on Doppler
in the surrounding tendon fibers.

Pathology of the long head biceps tendon

Arthroscopy is the gold standard to evaluate the LHBT;
however, US can be a useful assessment tool. US allows
accurate imaging of the extracapsular tendon for tears,
subluxation and dislocation. 23!

Tendinosis and tenosynovitis

Pain on the anterior aspect of the shoulder is most commonly
observed, exacerbated by palpation at the groove. Tendinosis
is often caused by a coexisting abnormality, but primary
tendinosis can occur in the extracapsular tendon.
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Degenerative or inflammatory tendinosis can be a consequence
of overuse, mostly at the distal end of the bicipital groove or
at the labral insertion of the tendon.[242¢!

Tendinosis can be seen as thickening and enlargement of LHBT,
with possible loss of fibrillar echotexture [Figure 3].2427

Inflammation involving the synovial tendon sheath is often
present. Tenosynovitis can be related to repeated stress and
tends to involve the bicipital groove.! It is also associated with
infections or arthropathies as distention of the tendon sheath
with fluid in larger quantities than expected compared to joint
fluid with or without synovial hypertrophy or vascularity.?*

Rupture and tears

Tears of the LHBT often happen on a background of existing
tendinosis. In patients, over 50 years of age, this can happen
with little to no preceding trauma.? Rupture clinically causes
pain and palpable retraction of the muscle belly with a visible
Popeye sign.

On US, fibers are completely torn with a gap filled with fluid
or hematoma and/or no tendon visible in the groove as the
tendon retracts. Partial tears of the biceps can be difficult to
appreciate.[?:24

Proximal intracapsular tears with lesions of the superior labrum
are challenging on US and best appreciated with arthroscopy.
Intrasubstance tears can be associated with pain and can be
seen as anechoic defects in the substance of the tendon.*%

Subluxation and dislocation

Subluxation is defined as partial displacement of the tendon
from the bicipital groove, whereas dislocation is complete
displacement outside the groove. Both are associated with
tendinosis or tears.

In the absence of displacement, the LHBT can appear perched
medially in the groove. Dynamic imaging with US during
internal and external rotation becomes crucial in establishing
a diagnosis.

LHBT subluxation is common at the proximal bicipital groove
and is often related to destabilising lesions of the rotator
interval or subscapularis tendon.4

Acromioclavicular joint pathology

Pain related to the ACJ is typically referred to the anterosuperior
aspect of the shoulder and can be traumatic, degenerative,
infective or inflammatory. US is limited to assessing the joint
for capsular hypertrophy and joint distention.2

Other indications

Rotator cuff muscle atrophy

Increased echogenicity compared to the nearby trapezius and
deltoid muscles can be seen in muscle atrophy allowing for
its grading.[33%4

Glenohumeral joint
Osteoarthritis or synovitis is recognized in the posterior GHJ.
However, US is not the preferred modality for imaging; hence,

findings should be correlated to radiographic assessment. US
can assess for margin osteophytes or effusions in the recesses
of the joints. Prominent synovitis may be identified on US.

A para labral cyst caused by labral tears may be identified
on US, particularly when large and located posteriorly or
extending into the suprascapular notch. As US is limited in the
assessment of glenoid labral tears, further imaging with MRI
or magnetic resonance angiography would be indicated (ref
at the end).

Interventional procedures

The most commonly performed procedures are SASD bursal
and ACJ injections in the setting of impingement. However,
injection in the GHJ can also be performed, usually with a
posterior approach. Suprascapular nerve block which can be
effectively administered using US has shown more favorable
results compared to SASD bursal injection in people with
large cuff tears.

Barbotage is a procedure employed to fragment and encourage
the resorption of large calcific deposits related to calcific
tendinopathy.

AnkLE AND Foot

Like the shoulder, there are various indications for which
US can be utilized. These include assessment of the ankle
ligaments and tendons and review for joint effusions. Added
dynamic evaluation with US can provide some functional
information. Various specific lesions around the foot and ankle
can be easily diagnosed with US. The modality is often used
for guided interventions around the foot and ankle.

Ligamentous evaluation

Three ligamentous groups comprise the ankle joint-lateral
ligaments, deltoid ligament complex, and syndesmotic
ligaments.

Ligaments would appear slightly thickened with minimal
alteration of fibrillar structure in mild acute sprains or grade 1
injury. Moderate sprains or grade 2 injury result in partial
interruption of the fibrillar pattern. In a severe tear or grade 3
injury, there is a complete disruption of fibers with a gap.F®!

Lateral ligaments

The anterior talofibular ligament (ATFL) is the most commonly
injured ligament during inversion strains.*¥ To visualize this,
the probe is positioned at the distal tip of the lateral malleolus
in the longitudinal aspect of the foot.E" Dynamic maneuvers
such as inversion and plantar flexion put tension in the
ligament, allowing better visualization. Posterior talofibular
ligament is not readily seen on US due to its deep location.
The calcaneofibular (CFL) is the second most commonly
injured ligament and often occurs together with the ATFL.[]
This structure lies deep to the peroneal tendon and is best
visualized with the probe positioned coronally with the upper
angle of the probe over the tip of the lateral malleolus and foot
in dorsiflexion.*® Complete CFL tears are often found with
fluid in the peroneal tendon sheath. [
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Deltoid ligaments

Medial deltoid ligaments appear fan-shaped and originate
from the apex of the medial malleolus. It comprises of deep
anterior and posterior tibio-talar components and superficial
tibionavicular, tibio-spring, and tibiocalcaneal ligaments. The
superior-medial spring ligament lies between the navicular
and sustentaculum tali underneath the tibialis posterior.

The deltoid complex is best visualized in dorsiflexion and
eversion.”! In the acute setting, these tears can be associated
with lateral malleolar fractures or distal tibiofibular tears.[®

Syndesmosis

The weakest of the syndesmotic ligaments is the anterior
inferior tibiofibular ligament which is the first to give way
during external rotation of the fibula.l? This is best visualized
in an oblique transverse position where the tibia and fibula
are in closest contact.? The other syndesmotic ligaments are
otherwise not adequately assessed on US due to their deep
locations between osseous structures.

Tendon evaluation

Because of the superficial nature and amenability to dynamic
manoeuvres, visualization of the foot and ankle tendons using
high-frequency US is well established. Some of the common
pathologies include tenosynovitis, tendinosis, partial and
complete tears, subluxation and dislocations.

Tenosynovitis refers to inflammation of the synovial membrane
around the tendon [Figure 4b and c]. This can occur with or
without tendinosis. The etiology is multifactorial including
trauma, infection, localized stress, or arthropathies such as
ankylosing spondylitis or rheumatoid arthritis.*? On US, there is
increased fluid content or synovial thickening within the tendon
sheath. Color Doppler helps assess the degree of inflammation.*?

Tendinosis causes tendon thickening with focal or diffuse
areas of hypoechogenicity but preservation of fibrillar
appearance [Figures 4a and 5a]. A tear on the other hand
results in an anechoic/hypoechoic gap with disruption of the
fibrillar pattern.*?

Figure 4: Tibialis Posterior (TP) Pathologies. (a) Tendinopathy-Long
view demonstrating fusiform thickening of the mid-tendon substance of
TP (arrow). (b) Long and (c) Short axis views demonstrating fluid within
the TP tendon sheath with neovascularity in keeping with tenosynovitis.
MM: Medial malleolus, TP: Tibialis posterior

Peroneal tendons

US is an excellent tool for identifying peroneal injuries./!
Trauma or sports injuries are the most common cause of acute
peroneal longus tears.? One of the most frequent peroneus
brevis tears is the longitudinal split, causing the peroneal
longus to move into the cleft [Figure 5b]. US demonstrates
a central cleft with two hemi-tendons which can often be
associated with tenosynovitis.“!

Intrasheath subluxation results in a reversal in the peroneal
tendon positions but with an intact superior peroneal
retinaculum (SPR) [Figure 5¢]." Dislocation on the other hand
causes displacement of one or both tendons often associated
with SPR injury.l

Achilles tendon

The strongest tendon of the body, the Achilles tendon is distinct
from other ankle tendons. It is surrounded by a paratenon
rather than a synovial sheath.l As a result, paratendinopathy
occurs instead of tenosynovitis which results in the thickening
of paratenon with diffuse edema [Figure 6d].[°"

Achilles tendinopathy otherwise causes tendon thickening
with loss of anterior concavity in the transverse plane, with the
tendon usually measuring greater than 8 mm. US demonstrates
areas of focal or diffuse hypoechogenicity with loss of fibrillar
pattern [Figure 6a and b].55

Cases of tendinopathy/paratenonitis can often be
accompanied by retrocalcaneal bursitis, which results
in inflammation of the bursa. Sonographically, there is
distension of the bursa by hypo/anechoic fluid."? It is also
seen as a triad along with insertional tendinopathy and bony
prominence of the posterior-superior calcaneum in Haglund’s
syndrome[Figure 6¢].5%

Figure 5: Peroneal Pathologies. (a) Tendinopathy-Short axis US image
demonstrating fusiform thickening of peroneal brevis tendon (arrow). (b)
Tear of peroneal brevis-Short axis view demonstrating a longitudinal split
tear (arrow) of the peroneal brevis tendon wrapping the peroneal longus
in a ‘boomerang’ appearance. (c) Intra-sheath subluxation-Reversed
position of peroneal brevis and longus tendons with an intact retinaculum.
LM: Lateral Malleolus, 5SMT: Base of 5 Metatarsal, PL: Peroneal longus,
PB: Peroneal brevis
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Distal stump

Proximal stump

Figure 6: Achilles pathologies. (a) Mid-Achilles tendinopathy-Fusiform
thickening of the mid-Achilles fibers (arrow) with maintained fibrillar
pattern. (b) Insertional tendinopathy-Tendinous thickening at the
insertion with associated cortical irregularity (arrow). (c) Retrocalcaneal
bursitis-Thickening of the tendon proximal to the insertion with
moderate inflammation and distension of the retrocalcaneal bursal
with fluid (arrow). (d) Achilles paratenonitis-Hypoechoic thickening of
the surrounding paratenon (arrows). (e) Partial tear-Achilles tendon
enlargement with a hypoechoic cleft (arrow) in keeping with a partial
tear. (f) Complete tear-Longitudinal view demonstrating a full-thickness
complete tear at the critical zone with a tendon gap and associated
hematoma (arrow). Ca: Calcaneum

Achilles tears usually happen 2—-6 cm from calcaneal insertion,
at the critical zone with reduced vascularity. Tears can be
divided into partial and complete tears. A complete tear
results in complete disruption of the tendon fibers with usually
two tendon stumps and hematoma/fluid collection in the
tendon gap [Figure 6f]. Partial tears usually result in tendon
enlargement with abnormal hypo/anechoic clefts within the
substance seen on US [Figure 6e].1*?

Plantar fasciopathy and fibrosis

One of the most common causes of heel pain, plantar fasciitis
refers to inflammation of the plantar fascia (PF). Imaging
often acts as an important aid in the diagnosis of fasciopathy
and in determining concomitant injuries. US is a precise and
cheap way to evaluate the bands of PF and attachments on
the calcaneum.®

Like ligaments, the normal sonographic appearance of PF
is a compact fibrillar pattern, best visualized on the long
axis and with the probe perpendicular to the fascial plane.
Characteristics of PF on US include loss of fibrillar pattern,
thickening measuring more than 4 mm and calcification within
PF.54%%1 Doppler US can identify hyperemia near its insertion
in patients with plantar fasciitis which can also play a role in
monitoring treatment response. 53561

Another common condition of PF is fibromatosis [Figure 7b],
which refers to the benign nodular fibroblastic proliferation
of the PF. This most likely involves the distal two-thirds of
the fascia, which can be multiple and bilateral. Sonographic
findings are of iso to hypoechoic fusiform nodular thickening
of PF the majority of which show no doppler flow."!

Joint evaluation-arthritis and synovitis

OA is a chronic degenerative phenomenon affecting a
large proportion of the population globally. Although more
commonly affecting the hips and knees, ankles can also be
involved, mainly in post-traumatic cases.’® US can help in
evaluating cortical irregularities, i.e., osteophytosis, loose
fragments and chondral lesions to a certain extent.™ Effusion
is usually examined in a neutral position anteriorly and
considered abnormal if greater than 4 mm of fluid or if there
is evidence of synovial bulging.®

US has become an important modality in the assessment of
articular and peri-articular pathologies in rheumatic diseases.
Power Doppler plays a key role in the differentiation of
active inflammation and residual diseases and also helps in
differentiating inflammatory versus degenerative disease. 6064

Lesions

Intermetatarsal masses

The most common intermetatarsal mass is Morton’s
Neuroma [Figure 7a], which is localized perineural fibrosis
of the plantar digital nerves. It appears as a round or oblong
hypoechoic noncompressible mass, most commonly in the
3 intermetatarsal space. Dynamic maneuvers at the plantar
surface with a positive Mulder click can further help in
clarifying the diagnosis.[? Other common intermetatarsal
pathologies include bursae which are fluid-filled pockets,
visualized as compressible hypoechoic structures. These often
occur in combination with Mortons’s neuroma, therefore
referred to as neuroma-bursal complex. Superficial adventitial
bursitis can also occur at frictional sites adjacent to the
bony prominences, usually beneath the 1% and 5" metatarsal
heads. [

Tendon sheath and intratendinous masses

Tenosynovial tumors of the tendon sheaths and giant cell
tumors (GCTs) occur in close contact with the tendon. These
are usually homogenous and hypoechoic to the tendon
on US [Figure 7d]. These are often vascular on Doppler
imaging and might cause bony erosion. Solid malignant
soft-tissue masses can cause confusion and a biopsy is often
needed to reach the final diagnosis.% Diffuse pigmented
villonodular synovitis (PVNS) can mimic inflammatory
tenosynovitis and biopsy needs to be considered in such
cases [Figure 7c].[% Achilles tendon xanthomas are painless
lumps most commonly at the distal portion of the tendon.
They present as hypoechoic foci within the tendon with loss
of normal fibrillar appearance, sometimes making it difficult
to differentiate from tendinopathy.*?

Ganglion

A ganglion is one of the most common lesions of the foot
and ankle. It is a mass containing gelatinous material and
surrounded by a discrete wall. These usually arise from a joint
or tendon sheath as a result of mucoid degeneration and partial
tendon tears respectively. They can appear as simple cysts or
demonstrate loculations and septations.™
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Figure 7: Ankle and foot masses. () Morton’s Neuroma-Long axis view showing a hypoechoic nodule (arrow) at the second intermetatarsal space in
continuation of the IDN. (b) Plantar fibroma-Long axis view demonstrating a discrete hypoechoic fusiform mass of the PF (arrow). (c) PVNS-Lobulated
heterogeneous appearances of the TP tendon sheath in keeping with diffuse PVNS (arrow). (d) GCT-Well defined ovoid echogenic focus (arrow) in
close relation to the EHL tendon overlying the MTP joint. (e and f) Ganglion cyst (arrows) causing tarsal tunnel syndrome with entrapment of the tibial
nerve TN). (g) EHL ganglion (arrow)-Tense fluid-filled ganglion within EHL tendon sheath mimicking tenosynovitis. 3 IMS: 3 Intermetatarsal space, IDN:
Interdigital nerve, EHL: Extensor hallucis longus tendon, TN-Tibial nerve, GCT: Giant cell tumors, TP: Tibialis posterior, PVNS: Pigmented villonodular

synovitis, MTP: Metatarsal phalangeal joint

Tendon sheath ganglia in the lower extremity often
arise from peroneal tendons presenting as lateral ankle
swelling [Figure 7g].®! Common symptomatic ganglion cysts
in the foot involve the sinus tarsi and the tarsal tunnel resulting
in compression of the tibial nerve [Figures 7e and f]. Other
common causes of tarsal tunnel syndrome include lipomas,
nerve sheath tumors, varicosities, talocalcaneal coalitions,
tenosynovitis, and scar tissue. [

Intervention

One of the most common uses of US in the foot and ankle is for
simple injection guidance. The ankle, mid-tarsal, and posterior
subtalar joints are some of the most commonly injected joints.
Besides joints, US guidance is helpful in peri-tendinous
injection for patients with tendinosis and tenosynovitis. 5]
Several interventional procedures can be performed under US
for Achilles tendinosis. Steroid injections and high-volume
stripping are some of the common procedures. Other
procedures include dry needling and paratenon stripping.(
US is the imaging modality of choice for guided treatment of
Morton’s neuroma. Treatment can include steroid, alcohol, and
ablation therapy.[" US-guided injections of steroids and PRP
along with percutaneous fenestration are some treatments for
plantar fasciitis.l™!

CoNCLUSIONS

This review highlights the role of US examination as the
primary technique in the initial assessment of shoulder, ankle
and foot abnormalities. It is at par or even better than some
of the other modalities such as MR. The provision of Doppler
imaging, combined with portability and dynamic features
makes US an excellent modality to assess shoulder and ankle/
foot pathologies. Besides diagnosis, US plays a very important
role in the treatment of MSK conditions by aiding precise and
effective joint and soft-tissue injections and interventions.
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This narrative review presents a series of cases of less common incidental findings discovered on magnetic resonance imaging of elite athletes,
who have presented for investigation of either muscle or joint sports-related injuries or for presigning imaging. The presented incidental findings
include anatomical variants of osseous structures and muscles; incidental bone lesions; examples of systemic disease, and nonorthopedic
findings found within the imaging field of view. This review will emphasize to the reader about the importance of interrogating the imaging
in its entirety and avoiding the common pitfall of “satisfaction of search” within diagnostic radiology.
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INTRODUCTION

This is a narrative review of a selected series of less common
incidental findings encountered in our practice of magnetic
resonance imaging (MRI) of elite and semi-professional
athletes. They have presented for imaging for investigation
of muscle or joint sports-related injuries or for presigning
imaging.

Incidental findings (also known as ‘incidentalomas’) are
imaging findings serendipitously diagnosed in an asymptomatic
patient or in a symptomatic patient undergoing imaging for
another reason. Incidentalomas have become a contentious
issue in the last decade due to the increasing utilization of
medical imaging in clinical care. This has resulted in various
guidelines and algorithms for the work up and management of
organ-specific incidentalomas which are stratified by clinical
risk factors.*? The rates of incidentalomas vary amongst
imaging tests, with higher rates reported for chest computed
tomography (CT) and cardiac MRI.P! Rates of malignancy in
incidentalomas also vary by organs, with higher rates in renal,
thyroid, and ovarian incidentalomas.® Incidental findings can
be dilemmas for radiologists (who may need to consult often
conflicting guidelines) and for referring clinicians, who have to
interpret sometimes vague recommendations and communicate
findings and relative risks to patients.”! Incidentalomas may
also trigger a cascade of costly investigations (including
potential exposure to ionizing radiation) and anxiety for
patients.
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The incidental findings in this review include both benign
and clinically significant entities. They are categorized as
follows: Anatomical variants involving osseous structures;
anatomical variants involving muscles; and primary bone
lesions. Also included are the examples of manifestations of
systemic disease and an incidental finding unrelated to the
musculoskeletal (MSK) system found within the imaging field
of view. There are many more interesting cases that could not
be included.

This review will emphasize to the reader about the importance
of interrogating the imaging in its entirety and avoiding the
common pitfall of “satisfaction of search” within diagnostic
radiology. In addition, we hope to prompt the reader to avoid
framing bias when investigating or treating professional
athletes but also hope to remind readers that not all incidental
findings require further workup.

NormAL Osseous AND JOINT VARIANTS

The foot and ankle are frequently imaged joints for suspected
injuries in professional soccer players.[>¢ They are also a
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common site for anatomical variants that include coalitions,
accessory ossicles, and accessory muscles.l’® Awareness of
anatomical variants is key to diagnostic interpretation. Some
variants are symptomatic in elite athletes. On the other hand,
if the reader is unfamiliar with possible variants, this can lead
to diagnostic misinterpretation and inaccurate diagnoses of
pathology.

Bipartite medial cuneiform

The case in Figure la-c is a 28-year-old male professional
soccer player who had no specific mechanism of injury but
was experiencing deep focal pain around the fifth metatarsal.

Bipartite medial cuneiform is a rare variant, with a described
rate of 0.79% in a recently reported series of 751 patients.!! It
was first described in the 1940s and occurs when two primary
ossification centers of the cuneiform are formed instead of
one. These fail to coalesce, resulting in bipartition. There may
be partial or complete bipartition with either cartilaginous or
fibrocartilaginous bipartition. Symptomatic bipartite medial
cuneiform may result in midfoot pain which is thought to be
secondary to instability in the fibrocartilaginous articulation
between the dorsal and plantar components. Often, stress
changes due to microinstability and/or altered biomechanics
can be apparent on MRI with edema-like signal change or
diastasis across the bipartition, osteophytes, subchondral
cystic change, or cysts.[¥! It is important to differentiate
between fractures of the medial cuneiform and bipartite
cuneiforms. Apart from the usual imaging signs supporting

Figure 1: (a) Short axis fluid sensitive sequence demonstrating a
T2 hyperintense synchondrosis at the bipartite medial cuneiform
without osseous oedema (blue arrow) and Grade 1 contusion at the
abductor digiti minimi muscle (red dotted arrow) with overlying mild
subcutaneous edema, (b) Short axis T1W sequence also demonstrating
the synchondrosis with normal bone marrow pattern at the medial
cuneiform. The cortex of the fifth metatarsal is noted as circumferentially
thickened with T1 low intensity but with normal marrow signal which may
reflect sequalae of prior stress response (red dotted arrow), (c) Fluid
sensitive sagittal view of the midfoot demonstrating the dorsal and plantar
components articulating with both the navicular and first metatarsal (blue
arrows). The “E sign” is also shown (dotted red lines). TIW: T1 weighted

a fracture (e.g. irregular margins and intense edema-like
signal), the cuneiform fracture line tends to be orientated with
the long axis of the foot, as opposed to the transverse axis as
demonstrated by the case, forming an “E sign.”!%

CusoNAvICULAR CoALITION

This unusual form of coalition was incidentally observed in a
21-year-old professional male soccer player who sustained an
acute ankle injury in a Champions League game with instant
swelling and difficulty weightbearing [Figure 2a and b]. MRI
revealed an acute partial tear of the superficial tibiospring and
tibiocalcaneal components of the deltoid complex [Figure 2a
and b]. In addition, an usual form of cubonavicular coalition
was found [Figure 2c and d].

Tarsal coalition is a developmental anomaly when there is the
failure of mesenchymal separation of tarsal bones, causing an
abnormal connection between two or more of the tarsal bones.
They tend to be bilateral in 50%—-80% of the population and
are inherited in an autosomal dominant pattern.®***4 The quoted
incidence of tarsal coalition ranges from 1% to 13%.1314
These can be cartilaginous (synchondrosis); fibro-osseous
with or without ligamentous attachments (syndesmosis)
or osseous (synostosis). The most common form of tarsal
coalition are calcaneonavicular and talocalcaneal coalitions
which together comprise 90% of all coalitions.*?*¥] Rarer
types of coalitions include calcaneocuboid, talonavicular,
navicular-medial cuneiform, and cuneiform-metatarsal.[*>¢]
They can be asymptomatic or a cause of midfoot pain,
particularly in the athletic adolescent population when
ossification is near but not yet complete. Coalitions can
lead to disordered biomechanics, hindfoot valgus, loss of
the longitudinal arch, and increase in the frequency of ankle
sprains.[*¥!

CN coalition is rare (1%) with only 38 cases described in
the literature, 10 of which were osseous coalitions.**! The
case series in the literature describes clinical findings for
both osseous and nonosseous coalitions including decreased
subtalar motion, pes valgus, and pain in the region of the cuboid
and navicular.? Other authors have described osteoarthritis
in joints adjacent to the CN coalition.?!

If symptomatic, treatment for CN coalition may range from
conservative measures (heel lifts, immobilization in short leg
casts, and orthotics); surgical resection of the coalition (usually
for the adolescent athlete), and hindfoot (subtalar or triple)
arthrodesis.?22%1 The latter technique is usually reserved for
older patients with secondary or adjacent osteoarthritis; failed
resection or multiple sites of coalitions; with good results
reported for both surgical techniques.[t22324

UNFuSED STERNAL SEGMENT

Figure 3 is a case of 25-year-old male professional English
Rugby League player who experienced a high impact front-on
tackle during a game, resulting in immediate MSK pain to his
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Figure 3: (a and b) Are coronal imaging fluid sensitive and T1sequences
respectively, demonstrating the unfused vertical segmentation of segment
3 with otherwise normal horizontal and vertical segmentation

chest. He underwent MRI to assess the extent of chest wall
injury. Marrow signal was normal without features of osseous
contusion or fracture of the chest wall. Examination of the
sternum revealed an incidental unfused third sternal segment.

The sternum develops from the two bars of mesenchymal tissue
on either side of the midline. These bars unify, and then undergo
chondrification and ossification sequentially. There are ossification
centers at the manubrium, mesosternum, and Xiphyoid process.
The mesosternum (body of the sternum) usually forms as four
individual segments which may have either one or two ossification
centers each.? The ossification centers of each segment usually
fuse in the midline, known as ‘horizontal fusion” and then undergo
“vertical fusion” with the subjacent segments (manubrium and
xiphoid) to form the mature sternum. The Ashley classification for
mesosternum ossification centers is based on the autopsy samples
and describes four main patterns of ossification [Table 1].2¢

In a case series of 262 CTs of patients under 30, the oldest male
patients with unfused sternal segments were 19 years old and
oldest female patients with unfused segments were 8 years old,
with more frequent persistent vertical segmentation noted in
males (29.7% vs. 15% of females).?! In our described case,
our patient was 25 years old with an unfused segment, which is
older than the cases in the described series. Unfused horizontal
segments are also referred to as sternal clefts in the literature

) ¢ d

Figure 2: (a) Axial PD FS ankle. The high grade sprain of the tibiospring ligament is indicated by the dotted red arrow with surrounding soft tissue
edema, (b) The red arrow indicates high grade sprain of the tibiocalcaneal component of the deltoid complex on PD coronal imaging, (c) The CN
coalition is well seen on the fluid sensitive sequence as indicated by the blue arrow, with features of both synchondrosis more proximally and
fibroosseous coalition more distally. The navicular articulates with the cuneiforms and the cuboid articulates normally with the lateral cuneiform and
calcaneum, (d) Volumetric PD coronal imaging again demonstrates the CN coalition at the blue arrow with features of mixed type of coalition. FS: Fat

Table 1: Ashley classification of mesosternum ossification
centers!?!

Type | Segments 1, 2, 3 have single ossification centers

Type Il Segment 1 has single ossification center, Segment
3 has two ossification centers

Type I1I Segments 1, 2, 3 have two ossification centers

Type IV Segment 1 has two ossification centers and

Segment 3 has a single ossification center

and have been associated with congenital heart disease and
other defects, such as ectopia cordis.®? In our case, there
were no other known birth defects or other medical issues,
so his unfused sternal segment 3 was an incidental finding.

At the more severe end of the spectrum, unfused horizontal
segmentation of the manubrium or of the more proximal
segments of the mesosternum or more complete sternal clefts
can expose the mediastinal contents.E? It is important for the
MSK radiologist to be aware of other sternal variants such as
pseudoclefts, sternal foramina, sclerotic bands, focal sternal
notches, varieties of xiphoid endings, and persistent xiphoid
cartilage, so that these are not mistaken for pathology such
as fractures.®%

NormAL MuscLE VARIANTS

Accessory head of gastrocnemius

A 22-year-old male professional footballer presented with
extensive postmatch knee swelling but without any identifiable
mechanism of injury. MRI revealed a large volume of
intermuscular hemorrhage in the posterior compartment of the
knee [Figure 4a]. The dynamic and static stabilizers of the knee
were intact and there was no meniscus or chondral injury. The
speculated cause was traumatic injury to a posterior geniculate
or popliteal branch vessel which may or may not have been
related to the incidental finding of an an accessory or third
head of the gastrocnemius muscle [Figure 4b].

The third head of gastrocnemius was originally described
by several anatomists’ case reports in the 1800s.51%2 Frey
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Figure 4: (a) Demonstrating a large volume of hemorrhage within the posterior compartment and the midline-crossing accessory head of
gastrocnemius (blue arrows), (b) Sagittal PD imaging of the knee demonstrating the accessory head of gastrocnemius arising at the medial epicondyle
of the femur, (c) Coronal PD view demonstrates the accessory head crossing the midline and located lateral to the popliteal neurovascular bundle. This
anatomical arrangement has been described as potentially leading to popliteal vessel entrapment syndrome. PD: Proton density

described other variants with the potential to compress the
popliteal neurovascular bundle due to the third head crossing
the midline to insert onto either the medial or lateral head of
gastrocnemius. This is the anatomical arrangement that was
seen in our case [Figure 4c]. An ipsilateral third head could also
compress the popliteal artery/vein against the ipsilateral head of
gastrocnemius prior to its insertion on the posterior ipsilateral
femoral condyle; or there may be a bulky belly of the third head
of gastrocnemius which could compress the vessels but still
insert on the ipsilateral side. These variations emphasize that the
third head does not need to cross the midline in order to cause
compression or vascular compromise. Koplas et al. described a
series of 1039 knee MRIs with an overall frequency of 2% of a
third head of gastrocnemius.¥ 1.9% of the cases had a third head
originating from the lateral head of gastrocnemius and coursing
lateral to the popliteal vessels without claudication symptoms.

Since the knee is a commonly injured and imaged joint in the
general and athletic populations, it is important for the MSK
radiologist to be aware of the accessory head of gastrocnemius,
given the possibility of symptomatic findings such as potential
popliteal artery or venous entrapment. In our case, we
postulated that the significant hemorrhage could potentially be
related to a branch of the inferior geniculate artery that may
have been compromised by the accessory head crossing the
midline. This, however, has not been previously described in
the literature. Once the swelling had resolved the player was
quickly back to training and competition without any functional
deficit and has not had a further similar presentation.

Articularis Genu

Figure 5is a case of a 24-year-old male professional footballer
undergoing bilateral knee imaging as a presigning scan. MRI
imaging of both knees revealed bilateral incidental articularis
genu (AG) muscles (blue arrows and right knee only shown).

Prior cadaveric studies described it as “flat, wispy and highly
variable”%%1 muscle, but this has been refuted by later
cadaveric-MRI correlation studies that describe the AG as
having from 3 to 6 muscle bundles with deep (originating from
the femur) and superficial layers (originating from the vastus

intermedius). They found that the superficial layer originated
from the vastus intermedius aponeurosis and that there was
no fascia separating the vastus intermedius from the AG.
The deep layers were also difficult to separate from vastus
intermedius proximally. However, there is ongoing ambiguity
in the literature regarding the origin of the AG, with authors
traditionally considering only the deep component (i.e. those
layers that arise from the femoral shaft and blend with the
joint capsule) as being the AG. All cadaveric-MRI studies to
date agree that the medial part of vastus intermedius, vastus
medialis and AG have shared innervation from the medial deep
division of the femoral nerve. Together, the three muscles work
synergistically as a functional unit during knee extension to
retract the suprapatellar bursa.

Caterson et al. performed a further cadaveric and MRI
correlation which also found AG to be a separate, substantial
component of the anterior compartment that was clearly
identified on preoperative MRI and could be used as an
adequate anterior soft tissue cover in cases of resection of
the distal femur with neoplastic infiltration and may thus
offer an option for sparing the bulk of the quadriceps during
resection.l*"] In the case depicted, the distal AG is clearly seen
a separate structure at the level of the quadriceps insertion
with three muscle bundle, medial most prominent [Figure 5a]
but blends with the vastus medialis on the axial and coronal
imaging [Figure 5b and c].

INnciDENTAL Osseous FINDINGS

Fibrous cortical defect

A14-year-old male academy soccer player had MRI performed
at 2 weeks after he sustained a direct medial knee injury. His
symptoms were not resolving and as he complained of medial
instability, there was concern for medial ligamentous injury.
MRI showed an unstable osteochondritis dessicans lesions, a
discoid lateral meniscus, and a fibrous cortical defect in the
proximal tibial metaphysis [Figure 6a-c].

Fibrous cortical defects or nonossifying fibromas are the most
common fibrous lesion of bone, predominantly seen in children
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Figure 5: (a and b) T1 and PD FS coronal imaging depicting the focus of osteochondritis dissecans in the medial femoral condyle with features of
instability (red dotted arrow) and the incidental fibrous cortical defect (blue arrow), (c) Sagittal PD FS image demonstrating the unstable osteochondritis
dissecans (red dotted arrow) and the T2 hyperintense, well defined, fibrous cortical defect adjacent to the posterior cortex of the tibia (blue arrow)
without aggressive features or osseous edema. FS: Fat saturation, PD: Proton density

o~ ., . i}

Figure 6: (a) Sagittal PD FS image demonstrating the AG in the
suprapatellar fossa abutting the anterior femoral cortex and extending to
the suprapatellar bursa (blue arrow).(b) Coronal T1 FSE imaging: Blue
arrows depicting the multiple bundles of AG. Lack of intervening fascia
can be appreciated between AG and vastus medialis. Figure 5¢: Axial
PD FS imaging demonstrating suprapatellar and low lying location of AG
(blue arrow). AG: articularis genu. FS: Fat saturation PD: Proton density

and adolescents and are usually asymptomatic. On radiographs,
these typically appear as an eccentric cortical based lucent
focus with thin sclerotic margins. Enlarging lesions can
demonstrate scalloping or extend into the medullary region.

When identified incidentally on MRI usually performed for
another reason, these lesions can show low to intermediate T1

and intermediate to high T2 signal. There can be enhancement
with gadolinium.

Most lesions undergo spontaneous involution and can show
sclerosis or remodeling, which can appear as low signal
intensity on MRI.38:%

Biopsy, intervention, and surgery in small fibrous cortical
defects should be avoided and follow-up imaging is not usually
necessary unless symptomatic.

Pathological fractures can rarely complicate lesions larger
than 3 cm in weight-bearing bones. If the lesion is large
involving more than 50% of the medullary cavity, if there is
cortical breach or lack of a neocortex on CT, it may be worth
considering orthopedic referral for pre-emptive treatment with
curettage and grafting.[®84

Intraosseous lipoma

A 32-year-old male pro soccer player had MRI done for
suspected medial deltoid ligamentous injury following a
game. The MRI showed an acute grade 2 partial tear of the
deep and superficial portions of the deltoid ligament with
surrounding oedema [Figure 7a and b]. An incidental calcaneal
intraosseous lipoma with partial cystic degeneration was also
demonstrated [Figure 7c and d].

Intraosseous lipomas are frequently found in the lower
extremities, the calcaneus is the most commonly reported
site. They are usually incidental asymptomatic lesions,
and dull pain is the most common symptom if lesions are
symptomatic. They may contain thin septa and various
amounts of fat, fibrous tissue, cystic degeneration or
bone which result in a range of radiographic and MRI
appearances.[*!

The Milgram staging system suggests the radiographic
findings reflect the sequential histopathologic progression of
intraosseous lipomas as:
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»  Stage 1: Absence of necrosis; well demarcated homogenous
fatty lesions;

»  Stage 2: Predominantly fatty lesions with partial necrosis
and dystrophic calcification

« Stage 3: Heterogenous lesions with necrosis, cystic
transformation, calcification or reactive new bone formation.”4

In some cases the peripheral rim of fatty tissue may appear
heterogenous with fibrous elements, or fibrovascular septa
within the fat may demonstrate enhancement.

In soft tissue lipomas the heterogenous appearances and
enhancement may cause concern, but are acceptable in
intraosseous lipomas as they reflect varying fibrous elements,
ischaemia or necrosis. 4]

Osteoid osteoma

A 22 year old male professional soccer player underwent a
pre-signing study. Prior MRI (not available) had shown edema
related to the left L2 pars, for which the patient had been treated
for pars stress response. CT was then performed to exclude a
fracture, which confirms a nidus of an osteoid osteoma (blue
arrow) on Figure 8a and b.

st ) S TR

Figure 7: (a and b) PD FS axial and T1 FSE coronal imaging of the ankle
demonstrating grade 2 partial tear of the deep and superficial components
of the deltoid ligament (red dotted arrows). The blue arrow in Fig 7b
denotes the partially visualized intra-osseous lipoma. (c) Sagittal PD FS
imaging demonstrates a well defined focus in the body of the calcaneum
with heterogenous internal signal (blue arrow). (d) T1 FSE sagittal imaging
demonstrates that the fat components are similar intensity in signal
to the marrow fat, with partial cystic degeneration appreciated as T2
hyperintense and T1 hypointensity centrally within the lesion. FSE: Fast
spin echo; FS: Fat saturation; PD: Proton density

Treatment options for osteoid osteoma include conservative
management with NSAIDS, percutaneous ablation, surgical
curettage or excision.

Back pain in young athletes can also be caused by spondylolysis
which occur as a defect of pars interarticulars usually in the
lower lumbar levels.

MRI in both conditions usually show bone marrow oedema
and thin slice CT or volumetric T1 vibe MRI sequences are
useful to detect the nidus with various degrees of surrounding
sclerosis, or to visualise the pars defect.

If the osteoid osteoma nidus is very tiny or if the lytic defects
are subtle in early stage spondylolysis, it can be challenging
to differentiate between the two conditions if the sclerosis at
the pars interarticularis is the only finding.“"4®

ExtRA-MuscuLosKELETAL FINDINGS

Duplex kidney

This is a case of a 15 year old female soccer footballer who
was experiencing shooting pain from her left Sl joint to her
left gluteal region to hip. MRI imaging of her lumbar spine
and pelvis demonstrated grade 2 incomplete pars fractures
of both L5 [Figure 9a] and osseous stress response in the left
ischial tuberosity apophysis (apophysitis) [Figure 9b]. Scout
imaging from those exams also demonstrated an enlarged left
duplex kidney [Figure 9c].

Congenital upper renal tract anomalies account for 50% of
all congenital abnormalities; with duplex kidney having an
incidence of 12%—15% in the general population with two
thirds being associated with anomalies of other major organ
systems.[*d Ureteropelvic duplications are defined as the
presence of two separate pelvicalyceal systems within one
kidney and may be discovered during the neonatal period or
are usually incidentally discovered (as in this case) and are
asymptomatic. Occasionally they are discovered due to a
complication. Duplex kidneys, along with other abnormalities

Figure 8: (a) Sagittal CT of the lumbar spine shows the nidus of the
osteoid osteoma within the L2 pars, (b) Axial CT of the L2 vertebral body
at its inferior aspect demonstrates the osteoid osteoma. CT: Computed
tomography
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Figure 9: (a) Coronal STIR imaging. Incomplete bilateral grade 2 pars fractures of L5 (red dotted arrows), (b) Axial PD FS imaging of the pelvis
demonstrates osseous stress response and apophysitis at the left ischial tuberosity (red dotted arrow), (c) Coronal Scout imaging demonstrating a

duplex left pelvicalyceal system (blue arrow). FS: Fat saturation

of the developing urinary collection system (such as
pyelocaliceal diverticulum, megacalycosis, megaureter,
ectopic ureter amongst others) are related to defects in the
embryological development of the ureteric bud starting during
the 5" week of gestation.B% Pelvicalyceal duplication may
be either complete or incomplete. Complete systems each
have their own ureter, whereas incomplete systems refer to
fusion of the ureters proximal to the level of the ureteropelvic
junction.

Investigations for duplex kidney include CT and/or MR
Urography to confirm complete or incomplete duplication and
ureteric trajectory. Voiding cystoureterogram and/or functional
nuclear medicine imaging is used to look for differential
functioning, reflux, or scarring.

Treatment will depend on the presence of complications and
extent of anomalies; and include ureteric reimplantation or
resection.

MANIFESTATIONS OF SYSTEMIC CONDITIONS

Crohn’s disease

A 36-year-old male professional soccer player with a history
of Crohn’s disease had presigning imaging of the hips, knees,
and hamstrings. He was completely asymptomatic at the time
of imaging. MRI imaging demonstrated moderate insertional
quadriceps tendinosis and prepatellar bursitis [Figure 10a]. The
pelvic MRI scan shows a perianal fistula [Figure 10b and c],
best seen on the fluid sensitive sequences. No previous scans
were available for comparison at the time of reporting. There
was no involvement of the sacroiliac joints.

Perianal fistulas occur in 30% of individuals diagnosed with
luminal Crohn’s disease and can be difficult to treat, with
significant associated morbidity compared to patients without
perianal disease including effects on the quality of life.525
Treatment is usually a combination of systemic anti-tumor
necrosis factor agents and surgical therapy. Recent
advances include the use of allogenic bone marrow-derived
mesenchymal stem cell therapy.® MRI pelvis with a dedicated
small field of view and specialized planes provides the most
detailed overview including complexity, size and number
of tracts; associated abscesses; and disease involving the
levator ani musculature, rectum, and lymphadenopathy.®

Figure 10: (a) PD FS sagittal imaging demonstrating moderate insertional
quadriceps tendinosis (white arrowhead) and minimal prepatellar bursitis
(white block arrow). (b) Coronal STIR imaging demonstrating the perianal
fistula extending to the level of the ischial tuberosity (red arrow). (c) Axial
PD FS axial imaging demonstrating the T2 hyperintense fistula within the
left ischiorectal fossa (red arrow). FS: Fat saturation

It is also used to evaluate the success of posttreatment tract
closure and persistent internal tracts which are not always
clinically appreciable.’™ It is important to bear in mind
that MRI parameters (such as contrast enhancement) do not
always consistently correlate with clinical remission.®® In this
case, the quadriceps tendinosis may have been related to his
Crohn’s disease; a result of his professional athletic career or
a combination of both.

PsoRIATIC ARTHROPATHY

A 19-year-old male professional soccer player had insidious
onset of symptoms and was thought to have a stress injury.
Initial foot MRI performed showed capsulitis and joint
effusion [Figure 11a] which was thought to be related to
an injury however was an atypical location for an isolated
finding. He responded in the short term to an image-guided
corticosteroid injection. Four months following the initial
presentation, he developed persistent pain and repeat MRI
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Figure 11: (a) Coronal PD FS image depicting the capsulitis and joint effusion centered at the first tarsometatarsal joint of the left foot (white block
arrow). (b) Axial PD FS imaging performed 4 months later demonstrating subenthesial osseous edema in the posteromedial tibia and tenosynovitis of
the posterior tibialis tendon and flexor digitorum longus tendon (white block arrow). (c) Sagittal PD FS performed 9 months after initial presentation
demonstrating an acute rupture of the anterior tibialis tendon (white block arrow). FS: Fat saturation

showed tenosynovitis of tibialis posterior and subenthesial
osseous edema at the level of the posterior tibia [Figure 11b].

He was then reviewed by a rheumatologist who made a
diagnosis of psoriatic arthritis. Methotrexate systemic
treatment was commenced. Five months following the
commencement of therapy, he developed a tear of tibialis
anterior tendon [Figure 11c].
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Musculoskeletal Magnetic Resonance Imaging Revisited — Does
Tesla of Magnetic Resonance Imaging Machines Matter?
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The field of modern medical science has been revolutionized by magnetic resonance imaging (MRI) which is the preferred modality for
the investigation of a whole spectrum of musculoskeletal (MSK) conditions. MRI is a careful interplay between the temporal, spatial, and
contrast resolution which forms the foundation for its improved diagnostic performance and value. There are a lot of aspects that improve the
image quality and diagnostic performance, however, a higher magnet strength of 3-Tesla has the biggest impact within the current diagnostic
range. However various advancements in the hardware and software parameters such as multichannel multi-phased array coils, advanced
gradient systems and better post processing techniques have significantly improved image quality at 1.5T scanners as well. All the leading
manufacturers offer MRI systems with a higher field strength of 3T which are increasingly being used in recent clinical settings. Scanning
at 3T has the advantage of a better signal-to-noise ratio which translates into better spatial and temporal resolution with the added advantage
of faster acquisition. Challenges of 3T scanning include higher magnetic susceptibility, chemical shift, and higher radiofrequency energy
deposition. This is particularly important in the presence of orthopedic implants because of the two-fold increase in susceptibility artifacts
resulting in significant periprosthetic signal loss, signal displacements with voids and pileups, and failed spectral fat suppression. Various
modifications are needed to minimize the artifacts at 3T scanners to better utilize the improved spatial and contrast resolution achieved as a
result of scanning at a higher field strength. This review discusses the technical features of scanning at 1.5 and 3T scanners along with their
clinical implications and diagnostic usefulness in MSK imaging.

Keywords: 1.5T, 3T, magnetic resonance imaging, musculoskeletal imaging, musculoskeletal magnetic resonance imaging

value and performance.®® Conventionally, most MRI imaging
was done at 1.5 Tesla, but higher field strength imaging at
3T has become increasingly common in the recent clinical
settings. There have been many advancements in the software
and hardware aspects of MRI to improve diagnostic efficiency,
however, a 3T magnet strength has the maximum impact
within the present diagnostic range. A higher field strength of
3T, when coupled with the advent of high-end surface coils,
advanced multichannel receiver coils, high-performance
radiofrequency (RF) pulse transmission, and gradient systems

INTRODUCTION

Ever since its inception in mid-1970s, magnetic resonance
imaging (MRI) has revolutionized the field of medical practice.
It is the imaging modality of choice for the investigation of
a whole gamut of musculoskeletal (MSK) conditions and
diseases. It has evolved into the cornerstone imaging technique
for sports and orthopedics by providing highly accurate
information for detection, characterization, surveillance, and
monitoring of a huge spectrum of MSK conditions.? One of
the attributes that sets MSK MRI apart from other radiological
investigations including radiography, ultrasound, and computed

tomography (CT), is the ability for multiplanar imaging and
excellent soft tissue and contrast resolution which permits the
differential display of submillimeter MSK structures.?#!

MSK MRI is all about a fine interplay between the spatial,
temporal, and contrast resolution which translates into better
image quality and is the foundation for its improved diagnostic
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yields additional gains. Scanning at a high field strength however
comes with its own set of problems such as chemical shift,
magnetic susceptibility, and increased RF deposition. Most of
the improvements in MRI are extremely beneficial clinically,
improving the image quality and diagnostic confidence, but
often need certain modifications depending on different clinical
situations to make the best use of the advanced technology.

A Basic Primer oF MaGNETIc RESONANCE PHYSICS
FOR MuscuLoskeLETAL MAGNETIC RESONANCE
IMAGING

Signal-to-noise ratio

The signal-to-noise ratio (SNR) is the value-defining currency
of MSK MRL.B! It is a complex interplay between the magnetic
strength, volume of tissue, and RF coil being used. However,
the predominant determinant for SNR is the strength of the
static magnetic field (B0), which indirectly then determines
the spatial, temporal, and contrast resolution. Theoretically,
speaking doubling, the static field strength should double the
SNR, but because of the variation in T1 relaxation times and
the complexities of the RF coils, the increase in SNR is slightly
less than double.r

SNR is directly proportional to the voxel volume and square
root of phase encoding steps and number of averages. Increasing
the number of phase steps and averages increases the SNR but
at the same time increases the time of acquisition. Scanning
at 3T enables four times faster acquisition as compared to
1.5T, thereby reducing scan times, and allowing for a high
SNR without increasing the scan time. Faster acquisition and
reduced scan times are particularly beneficial in claustrophobic,
pediatric, and seriously ill patients whom stay still for longer
durations in a problem. Faster scanning at 3T results in lesser
artifacts as patients” motion is minimized, resulting in fewer
recalls. It increases the patient’s throughput with faster and
efficient workflow without sacrificing diagnostic confidence.

The SNR also depends on the number of excitations and
is proportional to the square root of humber of excitations.
Therefore, doubling the SNR at 3T enables quadrupling the
number of excitations allowing for an effective utilization of
the acceleration techniques and parallel imaging acquisitions
for faster two-dimensional (2D) and three-dimensional (3D)
pulse sequences.®® The two-fold increase in SNR on a 3T
scanner also allows for doubling the matrix size to achieve
the same SNR as 1.5-T keeping other parameters constant.
The increase in SNR can then be translated into thinner slice
acquisitions at 3.0T.5 The contrast resolution is often higher on
a 3T scanner because the modulation of the T1 and T2 constants
results in a larger gap between the T2 decay and T1 recovery
maps, translating into better contrast between various tissues.

In order to make the maximum use of the increased SNR ona 3T
scanner, the field-dependent changes in the tissue relaxation times
should be considered. The T1 relaxation times are prolonged at
3T as compared to 1.5T and for most tissue types this increase

is approximately 10%-30%.51°1 The T1 of cartilage is 1060
milliseconds (ms) at 1.5T and increases by 14.5% to 1240
milliseconds (ms) at 3T. The T1 relaxation times of subcutaneous
fat increase by more than 20% from 288 msonds to 371 msonds
at 1.5 and 3T, respectively. There is a tendency for shortening
of T2 times by approximately 10% to 15% when scanning at 3T
versus 1.5 T.,%*3 The change in these values affects the choice
of time to repeat (TR) and time to echo (TE) on a 3T scanner
and influences the range of the contrast difference needed to
image the underlying tissues. In order to optimize the signal gain
and tissue contrast at 3T, the pulse sequences on a 3T scanner
need a longer TR to allow for the longitudinal magnetization
to adequately recover and a shorter TE as the T2 constants are
shorter. The increased time incurred because of longer TR can
be offset by using longer echo trains and acceleration techniques
such as parallel imaging, partial phase Fourier sampling, and
simultaneous multi-slice acquisition.®

Resonance frequency

The Larmor frequency depends on and is proportional to the
static magnetic field and the gyromagnetic ratio (which is
a constant for H proton in water). Thereby, by doubling the
magnetic field strength from 1.5T to 3T, the Larmor frequency
also doubles increasing from 63.9 MHz to 127.7 MHz. In order
to selectively excite the H protons in water, the RF pulse applied
should have a frequency equivalent to the Larmor frequency.
At 3T the frequency of the RF pulse is doubled which in turn
quadruples the energy deposited as compared to 1.5T. The Food
and Drug Administration has set a legal limit for the whole body
for atime period of 15 min to 4W/kg and 12W/kg for extremities
over a period of 5 min.[*** These limits can often be reached
when fast multi-slice spin echo sequences are used, therefore
caution must be exercised while using these sequences.

Chemical shift effects

Type | chemical shift artifacts refer to the frequency
displacement in the frequency encoding direction because of the
differing precession frequencies of the H proton in water and fat
molecule. The difference in the precession frequency is directly
proportional to the magnetic field strength, thereby doubling
at 3T. This is problematic in spin echo sequences which are
most used in MSK applications. Doubling the bandwidth is one
way of resolving this problem. It not only solves the problem
of chemical shift but also allows for an increased number of
slices, shortens the TE, and reduces echo spacing.[” However,
increasing the bandwidth shortens the window length for signal
readout, thereby reducing the SNR by square root of two.

Susceptibility artifacts

There is a microscopic variation in the magnetic field that
occurs at the interfaces between materials of different magnetic
susceptibility. These artifacts are proportional to the magnetic
field strength and therefore are higher at 3T as compared to
1.5T. Different materials have different susceptibilities to
become magnetized which produces a secondary magnetic
field which in turn causes local derangements in the main
magnetic field-these derangements to determine the extent of
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the susceptibility artifact. During routine MSK imaging, such
interfaces with different magnetic susceptibility are much less
common (except when orthopedic implants are present) and
B0 shimming can be effectively performed for small MSK
parts like the peripheral joints. Furthermore, the traditional
Spin Echo sequences that are used routinely in MSK imaging
are less affected by susceptibility. However, the situation
becomes complicated in the presence of orthopedic implants.
There is a huge difference in the susceptibility between the
native tissue and the implanted material resulting in significant
artifacts which are further increased in 3T scanners. Iron,
cobalt, and nickel are ferromagnetic materials which cause a
greater disturbance in the magnetic field as compared to newer
implants made of titanium and other paramagnetic substances.
With an increasing aging population, there is an increasing
utilization of orthopedic implants, which further increases
the need for imaging of patients with these implants. Novel
materials such as carbon-fiber-reinforced-polymers have been
developed which have been shown to cause a further reduction
in the susceptibility artifacts.™

1.5T versus 3T — APPLICATIONS

Large joints imaging

The increased SNR, spatial and temporal resolution at 3T
translates into a better depiction of ligaments, tendons, fascicles,
and cartilage.*® However, despite this theoretical benefit, 2
out of 3 MRI scanners that are sold currently are still 1.5T.*7]

There is an ongoing debate regarding the image quality for
MSK imaging as 3T MRl is not without limitations as compared
to 1.5T. This is likely because the same advancements that
have helped 3T to revolutionize MSK imaging have also led
to significant improvements in image quality at 1.5T as well.

Few studies suggest that for diagnosing various ligamentous
and meniscal pathologies 1.5T is as accurate as a 3T scanner.
A meta-analysis for assessing lesions of the knee found the
specificity of 70% and sensitivity of 85% for 3.0T MRI
detection of articular cartilage lesions and a greater diagnostic
accuracy.® Another study compared a 5-min knee MRI
acquisition using simultaneous multi-slice and parallel imaging
acceleration on both 1.5T and 3T magnetic strength which
found no difference in the detection rate of meniscal and
ligamentous tears. However, there was a higher detection rate
for partial thickness cartilage defects at 3T.1*°

Other studies have similarly shown that 3T MRI is superior
for acetabular cartilage defects, whereas there is no difference
in the diagnostic accuracy of 3T MRI versus 1.5T MR
arthrography (MRA) for the for acetabular labral tears.[202!
Another meta-analysis showed that the high-field MRA had the
highest accuracy for diagnosing rotator cuff tears followed by
low-field MRA, high-field conventional MRI, high-frequency
ultrasound, low-field MRI, and finally low frequency
ultrasound.?? Another meta-analysis showed 3T MRA has
increased sensitivity and specificity as compared to 3T MRI for
the detection of labral pathology in the shoulder [Figure 1].%%!

Thus, there is no clear evidence regarding the advantage of
one field strength over the other.

Small joints

There is no difference in the detection rate of fractures,
osteomyelitis, and bone marrow edema in small extremity
joints between a 1.5T and a 3T scanner. There is however a
definite advantage of increased spatial and contrast resolution
and a high SNR in 3T magnets for the evaluation of thin
articular cartilage and delicate ligamentous structures.?4 3T
is also more beneficial in evaluating small anatomic structures
such as annular pulleys of the finger, triangular fibrocartilage
complex, and the intrinsic and extrinsic ligaments of the
wrist [Figure 2].

Spine

MRI is pivotal for evaluating the causes of back pain and is
performed using both 1.5T and 3T scanners. The increased
SNR at 3T renders it ideal for evaluating the neuroanatomic
structures of the spine [Figure 3].7 The conventional
T1-weighted images in a 3T scan usually reveal suboptimal
hypointensity of the cerebrospinal fluid (CSF). This is due
to the incomplete suppression of CSF at 3T caused by the
longer T1 relaxation times and can be solved by adding a
fluid-attenuated inversion recovery pulse.!

3D volumetric MRI plays a significant role in MSK imaging
with the advantage of increasing through-plane resolution
and generating high-quality multiplanar reformations
from the original dataset. Volume interpolated breath-hold
examination (VIBE) uses fast 3D gradient echo sequences
producing T1 images with high-quality multiplanar
reconstruction. VIBE sequence at 3T is beneficial in spine as
it provides a high-resolution isotropic data set which can be
used for multiplanar reconstruction with the added benefit of
reduced susceptibility to magnetic field inhomogeneities and
pulsation artifacts because of shorter echo times [Figure 4].
A study concluded that thin slice 3D T1 VIBE is 100%
accurate in detecting complete pars stress fractures and a
high diagnostic accuracy in diagnosing and characterizing
incomplete pars stress fractures as compared to CT. It also
had the added benefit of depicting bone marrow edema and
is of particular interest in the younger population as it does
not use ionizing radiation.?!

Figure 1: (a) Axial FS T1 and (b) Axial T1 image on a 3T scanner after
intra-articular contrast injection depicts tear of the anteroinferior labrum
along with the periosteal stripping and avulsion ( white arrow) FS:
Fat-saturated
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Figure 2: (a) Sagittal PD FS, (b) Sagittal T1 and (c) Axial PD FS image of left index finger at a 3T scanner demonstrating flexor tenosynovitis. There
is improved spatial and contrast resolution at 3T scanner, and it is superior in depicting smaller delicate structures like the finger pulleys, intrinsic and
extrinsic wrist ligaments, and the thin articular cartilage in small joints. PD: Proton density, FS: Fat-saturated

Figure 3: (a) Sagittal T1 and (b) Sagittal T2 weighted image of
lumbosacral spine acquired at a 3T magnet shows good evaluation of
the neuroanatomic structures of the spine

Whole hody magnetic resonance imaging

Whole-body MRI is used for screening and surveillance of
patients with Li Fraumeni syndrome,?” neurofibromatosis and
schwannomatosis, 252 multiple myeloma,® chronic recurrent
multifocal osteomyelitis®" and detection of metastasis in
patients with liposarcoma. 1.5T scanners were preferred
for whole-body MRIs because of their lower dielectric and
susceptibility artifacts. However, the new 3T scanners allow for
a high-resolution multiparametric acquisition of a whole-body
MRI in 30-40 min.[2829]

Magnetic resonance imaging neurography

Imaging protocols for MR neurography include 2D and 3D T1
or intermediate weighted sequences, T2-weighted sequences
with fat suppression, and diffusion-weighted pulse sequences.
Studies have shown that high-quality imaging of the brachial
plexus is possible using a 3T scanner resulting in higher
SNR and contrast-to-noise ratio (CNR) as compared to 1.5T

scanner [Figure 5]. But it does not translate into improved
diagnostic performance as pathological findings were seen
equally well with both field strengths.* However, in the presence
of orthopedic implants such as hip arthroplasty, cervical spine
instrumentation, neurography done at 1.5T is beneficial because
of the decrease in magnetic susceptibility and field heterogeneity.

Orthopedic hardware imaging

One of the most challenging tasks while using a 3T scanner
is imaging in the presence of metallic orthopedic implants.
Implants lead to a twofold increase in susceptibility resulting
in local field distortions causing periprosthetic signal loss,
signal displacements with areas of signal voids, pile-ups, and
failed spectral fat suppression.

Gradient echo imaging of soft tissues in these cases is virtually
impossible since the magnetic field inhomogeneity results in
rapid spin dephasing resulting in more severe signal voids. Spin
echo sequences are preferred because of the refocussing pulse
results in rephasing of spins reducing areas of signal voids,
although the spatially dependent artifacts will still be present.
Fat saturation is another problem with hardware imaging as the
magnetic field inhomogeneity almost always results in failure
of fat suppression. Novel/newer sequences such as iterative
decomposition of water and fat with echo asymmetry and
least-squares estimation is more reliable than fat saturation,
as field inhomogeneities can be corrected to a certain degree
during reconstruction.

Compressed sensing acceleration refers to under-sampling of
sparse k regions and using dedicated reconstruction algorithms
to recover the missing data. This results in faster acquisition and
retains more SNR as compared to other techniques like parallel
imaging while scanning metal implants.s! The compressed
sensing space encoding metal artifact correction (SEMAC)
developed by Siemens is a turbo spin echo sequence (TSE) that
allows for an eight-fold reduction of metal artifacts of MRI
hip.B*¥1 It combines the view angle tilting (VAT) principle with
additional phase encoding steps in the slice encoding direction
to reduce the slice selective distortions. In VAT a gradient is
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applied on the slice during readout of an equal magnitude
to the slice select gradient. This results in re-registration of
the spins thereby reducing the in-plane distortion artifacts.
Using high bandwidth RF pulses in the range of 4000 Hz as
compared to conventional 850 Hz can also help in reducing
thought plane artifacts allowing for fewer SEMAC-encoding
steps [Figure 6].2% This allows all relevant contrasts to be
obtained at a level of artifact comparable to 1.5T with the added
benefit of improved image quality at 3T scanner.

Multi-acquisition variable-resonance image combination is
another novel technique developed by GE to minimize artifacts
around metallic prosthesis which uses multiple different
overlapping volumes at different frequency offsets.

Quantitative magnetic resonance imaging imaging
There is a lot of ongoing research on the quantitative
compositional analysis of the cartilage, and it is now known
that early physiological changes in the cartilage matrix occur in
asymptomatic osteoarthritis (OA). As the cartilage undergoes
degeneration there is increased permeability which increases
the intrinsic water content and motion. The hydrodynamic
pressure builds up and increased stress is generated
through the cartilage matrix resulting in degeneration of the
proteoglycan-collagen matrix and cartilage loss.

The T2 relaxation time depends on the water content and the
proteoglycan-collagen matrix. T2 and T2*(T2* is only used in
this quantitative MRI section) mapping are quantitative MRI
biomarkers which can detect early cartilage degeneration, by
detecting areas of increased water content and collagen network
disruption [Figure 7]. Amulti-spin echo sequence is used most
frequently to reduce scan times and signal levels are matched to
one or more decaying exponentials, depending on the number
of T2 distributions thought to be in the sample.l? The long
acquisition times often result in low resolution in conventional
T2 mapping. The modern T2 mapping techniques available at
3.0T help in faster, more accurate, and high resolution which
is specific absorption rate (SAR)-compliant.[3"-%

Miscellaneous

3T scanning allows for the multiparametric assessment of bone
and soft tissue tumors using fast 3D sequences. The 3D spoiled
gradient echo sequence such as VIBE for delayed post-contrast
T1 imaging is advantageous over 2D conventional TSE
sequences because of faster acquisition, high SNR, and high
isotropic resolution allowing for multiplanar reformats.“%

The chemical shift MRI with its “in” and “opposed” phase
imaging is especially valuable in spine imaging to differentiate
between neoplastic marrow replacing infiltration and benign
conditions such as edema or hematopoietic marrow. A signal
drop of <20% on 1.5T and <25% on 3T is suggestive of a
neoplastic marrow-replacing lesion.?+42

At 3T, the opposed-phase images should be acquired before
the in-phase images because of the enhanced susceptibility
artifacts on subsequently acquired opposed-phase images. This
can result in over-exaggeration of the signal drop.®!

/

S

Figure 4: (a) Sagittal T2 weighted image in a young boy with back pain
raised the suspicion of a pars defect ( black lined arrow) in L5. (b) Sagittal
T1 VIBE sequence on a 3T MRI demonstrates normal cortical anatomy
(white arrow) with no evidence of any fracture, thus obviating the need for
a CT. VIBE: Volume interpolated breath hold examination, MRI: Magnetic
resonance imaging, CT: Computed tomography

Figure 5: (a) Coronal T2 STIR sequence on a 3T scanner for brachial
plexus imaging depicting the pseudo-meningocele formation ( white lined
arrow) in relation to the right C7 nerve root. (b) Coronal T2 STIR MIP
image in another patient depicts the increased signal intensity with mild
thickening of the left C5 nerve root( black arrow) in a patient with traction
injury of the brachial plexus. STIR : Short tau inversion recovery, MIP:
Maximum intensity projection

Figure 6: () Coronal STIR and (b) Coronal T1 weighted image with
high bandwidth and metal artefact reduction techniques depict excellent
anatomy with significant reduction of the artifacts

As discussed previously, T1 values increase in the order of
approximately 20% when using a 3T MRI scanner. The T1
shortening effect of the gadolinium is however not affected by
the field strength.['8%! As a result, there is an increased contrast
between the enhanced and the unenhanced tissue on 3T scanner.“*!
This can be used to reduce the dose of the gadolinium-based
contrast agents while maintaining the same CNR.

There is no straight answer to which scanner (1.5T or 3T)
is better and one size does not fit all. The choice of scanner
depends on a lot of factors as to which body part is being
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imaged, presence or absence of any metallic implant, safety
of the implant, clinical indication, advanced and quantitative
imaging, and cost pressures. Table 1 summarizes the differences
between the two scanners including the respective advantages
and disadvantages.

HiGHER FIELD STRENGTHS

In 2017, the first 7T MRI machine was given regulatory
approval for clinical use for neuro and MSK applications. 64
Ultrahigh field scanners provide the advantage of further
improvements in resolution, faster acquisition times, and
significant improvement in signal gain. However, increased
RF deposition and magnetic field inhomogeneity pose a
considerable problem for ultrahigh field scanning. Neuro and
MSK imaging are the two areas of interest for ultra-high field
scanning. With the increase in burden of OA and the significant

§ - b %
Figure 7: (a) Axial PD FS on a 3 T scanner show normal signal
characteristic and thickness of the cartilage overlying the dorsal femoral
condyles. (b) Sagittal T2 mapping depict focal area of increased water
content ( white arrow) in the cartilage overlying the dorsal medial femoral
condyle. PD: Proton density, FS: Fat-saturated

morbidity associated with the disease, there is a strong demand
for identifying early changes in the cartilage that would later
progress to OA, allowing early intervention.

Ultrahigh field scanners allow for qualitative MRI imaging like
T2, T2*, T1rho mapping, sodium imaging, chemical exchange
saturation transfer, and spectroscopy.“®! These techniques along
with high SNR allow for the biochemical and metabolic tissue
characterization. The clinically approved 7T scanners will
revolutionize the future of medical imaging.

Magnetic strengths of more than 7 Tesla have been used to
conduct studies on diffusion MRI with improved SNR, spatial
resolution, and contrast-to-noise ratio. Most of these studies
have been conducted on small mammals and ex vivo tissues
and are relevant to neurosciences for visualization of white
matter pathways and structural connectivity.*

The University of Minnesota, in 2018 became the first
university in the world to conduct MRI of human body at
10.5T.B% It is a 110-magnet which can produce images with
sub-millimeter resolution, finer detail and can be pivotal for
new discoveries. Its focus is on the imaging of the brain to
conduct research into its working for better understanding
and treatment of neurological diseases such as Alzheimer’s
and Parkinson’s.

Low FieLb Macnetic RESONANCE IMAGING

Imaging at low (<0.5T) and medium (0.5—1T) strength scanners
is characterized by an expected reduction in SNR.5Y There is
no doubt that the high-field scanners produce better-quality
images, but this does not necessarily translate into better

Table 1: Differences between 1.5T and 3T MRI scanner

Attribute 1.5T scanner 3T scanner

Image quality Lower SNR Higher SNR

Artifacts Fewer artifacts Comparatively more artifacts especially susceptibility and
chemical shift artifacts

Specific absorption rate Less More. Legal limits can sometimes be reached while using

multi-slice spin echo sequences on a 3T scanner

Speed of scanning/throughput

Cost
MSK specific differences
Large joints

Small joints

Whole body MRI
MRI neurography

Orthopaedic hardware imaging
Quantitative imaging

Slower as compared to 3T scanner. Scan times can be
shortened but at the expense of SNR/image quality

Lower as compared to 3T

Although lower SNR, but the recent advancements have
significantly improved image quality on a 1.5T scanner
with comparable diagnostic accuracy

No difference in detection rate of fractures,
osteomyelitis and bone marrow oedema as compared
to 3T

Long acquisition time

In presence of cervical instrumentation or hip
arthroplasty, neurography at 1.5T is beneficial because
of the magnetic susceptibility and field heterogeneity
More implants are safer to scan

1.5 T aren’t the preferred scanners for quantitative
imaging

Overall shorter scanning times with increased patient
throughput

Significantly expensive

Theoretically speaking better definition of cartilage,
labrum and ligaments

Definite advantage in evaluating small anatomic structures
like annular pulleys of fingers, triangular fibrocartilage
complex and intrinsic and extrinsic wrist ligaments

Faster with high resolution multiparametric acquisition

Better quality images, but does not translate into better
diagnostic performance

Not all implants are compatible or safe at 3T
Faster and more accurate

SNR: Signal to noise ratio, MSK: Musculoskeletal, MRI: Magnetic resonance imaging
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diagnostic power. The tremendous advancements and
improvements in RF systems, gradients, and application of
artificial intelligence (AI) allow the acquisition of diagnostically
adequate MRI using low-field scanners without compromising
efficiency and patient throughput. These scanners are beneficial
in MSK radiology for scanning of extremities. These extremity
scanners are smaller with lower purchase and maintenance
costs. They are also easy to install in a limited space and
help in faster patient diagnosis. This is particularly important
in patients with occult bony injuries on plain radiographs
in which a delayed diagnosis can cause a detrimental delay
in treatment.5Y These scanners are also better tolerated by
children and patients with claustrophobia. It is helpful in
imaging metallic implants and for interventional procedures
as many of the devices can be used on the low-field scanners
without the need for costly modifications.®? Low-field MRI
combined with the Al-based postprocessing has the potential
to open up new fields of application in a cost-effective manner.

UpPRriGHT MAGNETIC RESONANCE IMAGING

A conventional MRI is a static examination which is not able
to diagnose dynamic pathologies which are often masked in
a static position. This is of particular importance in case of
imaging of spine. The spine is a complex dynamic structure
whose loading characteristics change with the position of
the patient and the direction and type of force applied. The
conventional MRI is unable to provide any information on the
biomechanical causes of pain. This can be offset using upright
MRI or weight-bearing MRI. Although the magnet is of low
field strength, the advantages of scanning the patient in upright
weight-bearing position far outweigh the disadvantages of a
lower field strength. This can detect dynamic problems like
anterolisthesis which can become more apparent on sitting and
even more exaggerated in flexion, dynamic spinal stenosis, and
symptomatic synovial cyst fluctuating between flexion and
extension.® Idiopathic juvenile scoliosis is another condition
that can be assessed using weight-bearing MRI. Supine MRI
does not show the full extent of scoliosis and proper radiological
assessment is made with the patient standing. Standing MRI can
be helpful in these patients as it can be performed quickly with
the patient standing and without the use of ionizing radiation.

CoNCLUSION

Good quality MSK MRI imaging involves a careful interplay
and negotiation between temporal, spatial, and contrast
resolution. 3T magnets excel in producing images with a high
SNR, but magnet strength is only one of the parameters that
improve image quality in MSK imaging. There are various
other hardware and software advancements that work in unison
to increase image quality and diagnostic accuracy. Hardware
and software parameters such as dedicated multichannel,
multielement transmit-receive extremity coils, coils with
integrated analog-digital signal, sophisticated sequence
design and built-in Al influence spatial resolution and image
quality at all field strengths. It is worthwhile to note that a

newer well-equipped 1.5T MRI with a dedicated coil and
advanced sequence technology can outperform an old 3T
scanner. Another debate which remains unresolved is whether
the improved diagnostic accuracy at 3T in-fact translates into
clinical relevance for the orthopedic and trauma surgeons.

The biggest strength of a 3T scanner is its speed of acquisition
with the increased SNR. It can acquire high-quality images in
a short duration of time allowing for an improved throughput
and efficient workflow. It also allows for advanced imaging
such as diffusion-weighted imaging, diffusion tensor imaging,
Quantitative MRI to be acquired in realistic time frames. There
is a continuous need for further advancements and developments
in both hardware and software to improve the field of imaging.
The 3T MRI scanner is beneficial for improved image quality and
diagnostic accuracy but often requires certain modifications to
optimize and better utilize the advantages of a high field scanning.
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Ultrasound-Guided Joint Injections: Tips and Tricks

Pablo Longhi Lorenzzoni, Sanjay Patel
Med SBCR FRANZCR, I-MED Network, Brisbane, 'MBBS, MRCR FRCR, FRANZCR, I-MED Network, Brisbane, Australia

Jointinjections have emerged as a crucial aspect of a radiologist’s role, regularly employed for both diagnostic and therapeutic purposes. Ultrasound
guidance is an invaluable tool in this regard, due to its accessibility, low cost, and absence of radiation. Pain relief through the use of corticosteroids,
local anesthetics, or viscosupplements, joint aspiration in cases of suspected infection, and contrast injection for arthrography are all common
indications for these procedures. In this article, we aim to provide guidance for common joint procedures (as well as one nonjoint but frequently
performed procedure) while also revealing some valuable trade secrets and tips.
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INTRODUCTION

One of the most honorable objectives of the medical
profession is to alleviate human suffering and pain, which is
considered a fundamental duty of physicians, even in cases
where all available treatment options have been exhausted. In
contemporary medicine, a variety of drugs are readily available
to facilitate this goal, and their delivery methods have become
increasingly precise. As radiologists, one of the most gratifying
aspects of our job is utilizing our knowledge of pathology
and anatomy, as well as our technical expertise, to achieve
this noble goal. Ultrasound remains the most commonly used
modality due to its real-time, radiation-free guidance.

While some of the more formal aspects have been treated
in other reviews,™ it can be a vexing experience to find a
concise and comprehensive repository of practical advice for
ultrasound-guided injections and the few readily available are
often not as broad.?*! Moreover, many little tips and tricks have
been passed down through generations in an informal manner
without being adequately documented. With this review, we
endeavor to provide a comprehensive yet succinct guide that
includes the most current techniques and drugs, as well as
divulging some of these invaluable secrets.

LitTLe Tips

Consent
There is little benefit to expounding on this topic, as it should
already be common practice. Taking the time to fully explain
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the procedure and its intended outcomes, while securing the
patient’s written consent, is a prudent and time-saving measure.

Planning

Once an individual has become accustomed to a particular
procedure, they may tend to disregard the planning phase,
particularly when the procedure involves a rapid and
seemingly uncomplicated injection. However, this oversight
can result in a simple injection becoming a significantly
prolonged procedure. Planning is a crucial phase during which
factors such as the injection’s required depth, the needle’s
length, the appropriate dosage of the drug to be administered,
and the probability of the proposed procedure achieving its
intended outcome are established. For a patient who has
been experiencing pain and is seeking a successful outcome,
experiencing a failure due to inadequate planning can be
highly frustrating. Additionally, planning offers an additional
opportunity to communicate the details of the procedure
and reconfirm the patient’s consent. Failure to adequately
plan often necessitates starting over, leading to unpleasant
explanations. Effective planning mitigates unnecessary
difficulties for all parties involved.
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Needle size

One of the most prevalent errors made by registrars is selecting
a needle that is too short for the intended task. This may arise
from an over-reliance on the measurements recorded by
machines. However, in the real world, the situation is often
more intricate. Despite having a well-conceived plan, the
needle’s placement may deviate slightly upon reaching the
skin. Consequently, the angle may require adjustment, or the
measurements could be distorted by excessive pressure on
the ultrasound probe. Even a minor alteration can render an
otherwise suitable needle too short for the procedure. While
planning is critical, it is also essential to leave room for
contingencies. Choosing a needle that is too short may preclude
any opportunity for recovery without changing the needle.

Another common issue that arises is selecting the appropriate
needle thickness. While a 25-gauge needle is commonly
used for injections, administering a large volume of fluid
can be time-consuming and stressful for the patient. In such
instances, a 22-gauge needle may be more appropriate, as it
reduces injection pressure and saves time. When aspirating
fluids, thicker needles may be required, such as an 18-gauge
or even 16-gauge needle for ganglions, unless the fluid has low
viscosity, such as simple cysts. However, it should be noted
that needles thicker than 22-gauge may necessitate the use of
local anesthetic on the skin, whereas thinner needles may not
require it except for extremely anxious patients.

Needle bevel

A little-known trade secret is the significance of the direction
of the bevel, which refers to the slanted surface at the tip of the
needle. The longest part of the bevel determines the direction
in which the needle is introduced, causing the needle to turn
slightly toward this side. Many registrars have found relief
when struggling to pass through a narrow structure by simply
rotating the bevel 180° the opposite way. Additionally, during
deep and challenging injections, especially when the position is
suboptimal, success may hinge on turning the short part of the
bevel toward the target structure. This is because the injectate
exits the needle at a slight angle toward the shortest part of
the bevel. Furthermore, in situations where it may appear that
the joint has been reached but contrast is not flowing freely,
rotating the bevel 360° may allow the needle to cut through
the thick capsule, thereby facilitating the free flow of contrast
into the joint.

Local anesthetic

An additional undisclosed technique, particularly when using
ultrasound for guidance, involves using local anesthetic as
a means of smoothing out the skin when it is challenging to
achieve good contact with the probe. It can also be used to
create more space for maneuvering by pushing away other
structures from the intended target area.

It is important to note that lignocaine with epinephrine
should be avoided. This combination has little to no practical
application in daily practice and may be better suited for
other professions. Furthermore, it limits the amount of local

anesthetic that can be used, reducing the ability to employ the
aforementioned techniques.

Moreover, when choosing a local anesthetic for combined
joint injections (not the skin and needle tract), it is essential
to remember that all local anesthetics are chondrotoxic. While
a single joint injection is unlikely to cause significant harm,
ropivacaine has proven to be less damaging in vitro and is a
wise option to consider.

What to inject?

In a 2009 review, MacMahon et al.®® published some
corticosteroid dose suggestions that the authors adapted based
on their own experience in Table 1.

The use of corticosteroids in combination with local anesthetics
ina 1:1 dilution is a common practice in radiology. However,
there is much debate regarding the optimal combination of
drugs, with varying preferences observed among different
radiologist groups. The selection of drugs is often influenced by
factors such as current trends and past experiences, rather than
standardized guidelines. Nevertheless, some recommendations
can be made to ensure optimal outcomes:

*  The larger the corticosteroid particle, the more potent (and
longer) the effect, but also greater the dermal and
subcutaneous tissue atrophy

e Triamcinolone acetonide particles range from 15 to
60 um and are therefore one of the most potent available.
Betamethasone particles range from 10 to 20 um.
Methylprednisolone, from 0.5 to 26 wm. Dexamethasone
particles are about 0.5 um. For comparison, an erythrocyte
measures between 2.5 and 7.5 um(-8!

»  Some combinations cause precipitation or aggregation of
the particles; especially important are the combinations
of triamcinolone and bupivacaine (particle aggregate
of more than 100 um)™ and dexamethasone and
ropivacaine (previously thought as essentially
nonparticulate, this combination often produce aggregates
larger than 20 um).l"®

e There is still controversy™ whether joint injections can
cause cartilage damage and, if so, at least part of that
damage may be attributable to the analgesic effect.”
Caution in the use of corticosteroids and good consent
is essential. The pressure for ever longer effects has to
be balanced against the real benefits from the injection
and the likelihood of speeding up the need for a joint
replacement. As a rule of thumb, lower doses and effect
durations have less deleterious effects than higher doses
and durationsi*!

*  On the other hand, newer agents that aim to “replenish”
synovial fluid, such as hyaluronic acid (known as
viscosupplements), have a more favorable profile!® and
mixing them with corticosteroids seems to be safe.l*#%4

What to aspirate and why?

Septic arthritis is the obvious indication for aspiration, but
in the context of osteoarthritis, inflammatory, or crystalline
arthropathy, patients may present with joint effusion for pain
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Table 1: Doses of corticosteroid according to joints (adapted from MacMahon et al., 2009)%!

Joint Methylprednisolone Triamcinolone Betamethasone* Dexamethasone
acetate (mg) acetate (mg) (mL) sodium phosphate (mg)

Large (hip, knee, shoulder, ankle) 20-80 20-40 2-3 2-4

Medium (elbow, wrist) 10-40 10-20 1-2 1.5-3

Small (STT, CMC, ACJ, SCJ, DRUJ) 4-10 Not used? 0.5-1 0.7-1.2

“Betamethasone-combination of acetate and sodium phosphate equivalent to 5.7 mg/mL, "The authors prefer not to use large particulate agents in small joints.
STT: Scaphotrapeziotrapezoidal, SCJ: Sternoclavicular joint, ACJ: Acromioclavicular joint, DRUJ: Distal radioulnar joint, CMC: Carpometacarpal joint

relief injection. Although one may know the most likely cause
of the effusion, several reasons exist for aspirating before
injecting the joint. The primary reason is to obtain confirmation
that the effusion is not caused by septic arthritis. Additionally,
if macroscopic evidence of infection is retrieved from the
joint, a local anesthetic-only injection may be administered
for brief pain relief after the joint is fully drained, pending
analysis of the aspirate.™® Therefore, it is crucial to aspirate
before injecting any joint to avoid complications and ensure
the safety of the patient. Besides, different approaches can
be envisioned if we are talking about a crystal-deposition
disease or just degenerative osteoarthritis. Finally, the injectate
concentration may be at least as important as the dose and
injecting any medicine in the presence of a joint effusion will
decrease the final concentration and may be responsible for a
lower strength or even a failed injection.

There are multiple methods for aspiration and injection, but
to completely protect against iatrogenic infection, the authors
recommend the double syringe sterile system(*® which consists
of a three-way tap, a large syringe for the aspiration, and a
second syringe with the injectate; to that, the authors add a
short extension tube to improve the mobility and decrease the
needle movement during the procedure [Figure 1].

UpPer EXTREMITY

Subacromial subdeltoid bursa

Probably the most frequent of the shoulder girdle injections,
approaching the subacromial subdeltoid bursa can only rarely
be difficult. What to inject and how much have seen no short
of controversy,"*® but it seems to have coalesced around
the high-volume injections.*! The authors prefer an anterior
approach with the patient in supine position [Figure 2a and b]
using a combination of triamcinolone 40 mg, xylocaine 1%
2 ml, and bupivacaine 0.25% 7 mL.

Glenohumeral joint

Glenohumeral joint (GHJ) injections can be used for pain relief
in osteoarthritis and for adhesive capsulitis. For osteoarthritis,
viscosupplements such as hyaluronic acid can be used and
several combinations of local anesthetic and corticosteroids
have been commonly applied.?? According to Table 1, the
authors prefer 2 mL of betamethasone and 2 mL of bupivacaine
0.25% for low-volume injections.

The same combinations have been used for adhesive capsulitis,
sometimes associated with volume distention by saline 0.9% (a

Figure 1: Double-syringe sterile injection/aspiration system

procedure called hydrodilatation??). There is at least one
randomized trial that showed no significant difference between
the simple injection and the hydrodilatation®?! and maybe
things are more complex than previously thought with regard
to this poorly understood disease. If hydrodilatation is to be
performed, the authors prefer a variation of the double-syringe
technique replacing the aspiration syringe with one filled
with 20 mL of saline, to be injected last according to patient’s
tolerance.?

There are two commonly used approaches for the GHJ,
one anterior, via the rotator interval [Figure 2c and 2d],
and the other posterior, adjacent or under the posterior
labrum [Figure 2e and 2f]. For treatment of adhesive capsulitis,
it seems that the rotator interval approach is more effective
both for low and large volumes. 2524

Acromioclavicular joint

Acromioclavicular joint (ACJ) injections are commonly used
for pain relief in degenerative conditions.?”? The small volume
of this joint space allows for the injection of only a small
amount of the commonly combined steroid and local anesthetic
and the authors prefer 0.5 mL betamethasone and 0.5 mL of
lignocaine 2%.%% In-plane approaches are possible in all but
the most irregular joints and the oftf-plane approach is usually
achievable in any condition [Figure 2g and h].

Sternoclavicular joint
Sternoclavicular (SC) joint injections are also commonly
used for pain relief in degenerative conditions. One must
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remember that the SC joint usually has an articular disc
that divides the joint into two compartments: the sternal
and the clavicular compartment. In degenerated joints,
there is usually communication between the compartments
and approach of just one of them is usually enough.[?s

i /A
Figure 2: Shoulder girdle injections. (a) Probe and needle position for
subacromial subdeltoid bursa injection; (b) SSP; HH; white arrow:
Needle path; white dotted line: Subacromial subdeltoid bursa; (c) Probe
and needle position for GHJ injection, rotator interval approach; (d) HH;
LHB; DEL; (e) Probe and needle position for GHJ injection, posterior
approach; (f) HH; G; L; white arrow: Needle path; (g) Probe and needle
position for ACJ injection, off-plane anterior approach; (h) A; CL; white
dotted line: Off-plane needle path; (i) Probe and needle position for SCJ
injection, quasi-coronal approach; (j) S; CL; white arrow: Needle path.
SSP: Supraspinatus, HH: Humeral head, LHB: Long head of the biceps
tendon, DEL: Deltoid muscle, G: Glenoid, L: Labrum, A: Acromion, CL:
Clavicle, S: Sternum, GHJ: Glenohumeral joint, ACJ: Acromioclavicular
joint

In-plane techniques are preferred by the authors due to better
localization of the needle at all times (considering the upper
mediastinum and its large vessels lie just deep to the joint)
and can be achieved in a quasi-coronal plane or a sagittal
plane [Figure 2i and j]. The mixture can be the same as what
is used for ACJs.

Elbow

The elbow is made up of three joints with a single capsule.
While this means that multiple approaches are possible, it
also means that any approach affects all of them and that the
volume to be used is slightly larger than one would expect.

The easiest approach is probably the radiocapitellar joint in an
off-plane fashion [Figure 3a and b], but the posterior approach
in-plane is not hard at all and has the benefit of maintaining
the vision of the needle at all times [Figure 3c and d], but by
no means, these are the only possible approaches.

As to the injectate, a volume of 2-3 mL is possibly needed.
That can be viscosupplements or a 1:1 combination of steroid
and local anesthetic for the other joints.

Radiocarpal joint

The radiocarpal joint is a single compartment, medially
containing a fibrous structure known as the triangular
fibrocartilage complex (TFCC). Requests for injecting the
RCJ are common, but requests for injecting the ulnocarpal
joint are common either, despite the fact that there is only one
joint compartment there.

We advocate the dorsal approach with a cushion underneath
the wrist to provide a good angle and an in-plane, distal to
proximal needle between the scaphoid and the radius as this
is easier to achieve [Figure 4a and b]. This is a variation of the
landmark-driven technique (and if you want you can still use
the Lister tubercle as a guide). A volume of 2 mL is possible

o

Figure 3: Elbow. (a) Probe and needle position for elbow injection,
off-plane radiocapitellar approach; (b) RH; C; white dotted line: Off-plane
needle path; (c) Probe and needle position for elbow injection, in-plane
posterior approach; (d) H; OP; white arrow: Needle path.) RH: Radial
head, C: Capitellum, H: Humerus, OP: Olecranon process
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Figure 4: Wrist. (2) Probe and needle position for radiocarpal joint
injection; (b) R; S; white arrow: Needle path; (c) Probe and needle position
for DRUJ injection; (d) R; U; LT, EDM; white arrow: Needle path; () Probe
and needle position for STT joint injection, off-plane volar approach; (f) S;
T; white dotted line: Off-plane needle path; (g) Probe and needle position
for 1CMC joint injection; (h) 1MC; white arrow: Needle path. R: Radius,
S: Scaphoid, DRUJ: distal radial-ulnar joint, R: Radius, U: Ulna, LT: Lister
tubercle, EDM: Extensor digiti minimi, Scaphoid, T Trapezium, 1CMC:
First carpometacarpal joint, 1MC: first metacarpal

without discomfort and the same injectate 1:1 mixture is
suggested.?”

Distal radial-ulnar joint

The distal radial-ulnar joint (DRUJ) is an L-shaped joint
separate from the RCJ and stabilized by the TFCC. It is formed
by the sigmoid notch of the distal epiphysis of the radius and
the head of the ulna and allows pronation and supination of
the hand. Damages to the TFCC create instability of this joint
and ulnar-sided wrist pain can sometimes be attributed to the
DRUJ rather than the RCJ.

The authors prefer to approach the DRUJ dorsally, in a
transverse plane with the needle in-plane from the ulnar side.®
The needle passes below the extensor digiti minimi aiming at

the radius [Figure 4c and d]. Only a small volume is possible,
adding up to 1 mL.

Scaphotrapeziotrapezoidal joint

The STT joint is located in the radial side of the wrist and is
primarily involved in movements of the thumb. It is the second
most common site of osteoarthritis in the wrist and is a common
site for pain-relief treatment. Again, only a small volume is
possible, sometimes not reaching 1 mL. It can be approached
in the dorsal or volar aspects, and it is a difficult injection for
the less experienced since an off-plane technique is needed
most of the time. Despite being slightly more uncomfortable,
volar approachest® are preferred [Figure 4e and f].

First carpometacarpal joint

One of the most common sites for osteoarthritis and importantly
associated with thumb movement is the 1 carpometacarpal
joint. Patients usually complain of pain when gripping or
holding objects, and on visual inspection, osteoarthritis of this
joint produces a “squared” base of the thumb, hard to miss.
Only volumes sometimes adding up to 1 mL are possible.
An in-plane approach using a small “hockey-stick” probe is
preferred [Figure 4g and h] and is usually achievable aiming
toward the metacarpal base.l

Lower ExTREMITY

Hip

The hip is a ball-and-socket joint with a thick capsule formed
by various ligaments. It can be safely approached by ultrasound
provided that one uses long spinal needles and, in some
overweight patients, the convex probe. It is vital to stay away
from the femoral vessels.

The authors prefer an in-plane injection targeting the anterior
synovial recess underneath the joint capsule at the femoral
head-neck junction, approaching from the distal aspect of the
probe and aligning the probe with the femoral neck as shown
in Figure 5a and b. It is important to keep in mind that the
capsule can be very thick and a good technique is to actually
“feel” the bevel of the needle touching bone. Volumes of 4 mL
are achievable with ease. This joint is also commonly treated
with viscosupplements.®?

Knee

Several approaches are possible to aspirate or inject the knee
joint, and this is one of the easiest joints to approach with
a needle when an effusion (even a minimal one) is present.
The suprapatellar pouch is almost painless to inject and does
not require touching the patella as in the landmark-guided
injection.

For the easy injection, an in-plane approach with the probe
in transverse plane is effective [Figure 5c and d]. Volumes
of 4 mL are easily achieved and viscosupplements are also
commonly used.

The real trouble comes when there is hardly any fluid in the
joint. Here, the authors advocate two different approaches:

Journal of Arthroscopy and Joint Surgery | Volume 10 | Issue 3 | July-September 2023 I




Lorenzzoni and Patel: Ultrasound-guided joint injections

; MFC
e { f

Figure 5: Hip and knee. (a) Probe and needle position for Hip joint
injection; (b) A; FH; FN; white arrow: Needle path; (c) Probe and needle
position for knee joint injection, suprapatellar pouch approach; (d) FEM;
white dotted line: Suprapatellar pouch; white arrow: Needle path; (e)
Probe and needle position for Knee joint injection, mid-medial subpatellar
approach; (f) P; MFC; C; white arrow: Needle path.A: Acetabulum, FH:
Femoral head, FN: Femoral neck, FEM: Femur, P: Patella, MFC: Medial
femoral condyle, G: Capsule

First is a variation of the suprapatellar pouch approach using
a double-syringe technique. The second syringe is filled with
saline and is used to confirm the correct placement of the needle
in the articular space rather than in the fat pad. Once a good
position is achieved, small amounts of saline can be injected
and observed to move away from the needle bevel. That’s when
the three-way tap is switched to the injectate position and the
payload (steroid-anesthetic mixture or viscosupplement) is
delivered.

The second is the more traditional mid-medial subpatellar
approach that is also commonplace in landmark-based
injections.¥I The probe is positioned transversely in the medial
compartment, imaging the patella and the medial femoral
condyle, and the needle penetrates the skin medially aiming
toward the patella [Figure 5e and f]. This requires a bit more
of experience and is often more uncomfortable than the first
technique.

Tibiotalar joint
This is usually not a difficult joint to approach and the anterior
recess is a good target®! for an in-plane injection with the

Figure 6: Ankle and Foot. (a) Probe and needle position for Tibiotalar
jointinjection; (b) T: Tibia; TL: Talus; white arrow: needle path; (c) Probe
and needle position for TMTP joint injection, off-plane approach; (d)
1MT.: first metatarsal; PP: Proximal phalanx; white dotted line: off-plane
needle path

probe in a sagittal plane [Figure 6a and b]. Volumes of 4 mL
are easily achievable but often not needed.

First metatarsal-phalangeal joint

The first metatarsal-phalangeal joint (MTP) is a common site
for degenerative change and for inflammatory arthritis. In the
latter, it often presents with joint effusion that needs aspiration
for microscopy analysis,®™ and while several approaches can
be used, an off-plane technique from the medial aspect of the
joint is accurate and not difficult to achieve [Figure 6¢ and d].

CoNcLusSION

There is much more that can be written about joint injections
and there are uncountable ways to approach them. In this
article, we summarized some of the most common injections
we have in our daily practice and how we approach them
while sharing some tricks of the trade and words of caution,
which even the most seasoned practitioners among us may
find useful.
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Ultrasound-Guided Percutaneous Release of Pulley in Trigger
Finger: A Curved Needle Technique
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NHS Foundation Trust, Oxford, UK

Thickened A1 pulley is the most common cause of trigger finger. The patient complains of snapping and locking of finger like a trigger as the
gliding of the flexor tendon become harder through the thickened pulley during flexion and superadded development of nodule on the surface
of the tendon proximal to pulley. In severe cases or failed conservative/steroid injection cases, real-time percutaneous release of pulley under
ultrasound (US) guidance can be considered. The percutaneous pulley release is a minimally invasive procedure compared to open surgical
release and more accurate than blind percutaneous release with overall minimal complications. The US-guided percutaneous Al pulley release
has been described in the literature and done by knife, straight needles, and acutely bent needles with variable results. We describe the curved
needle technique of percutaneous pulley release. The curved needle technique for US-guided A1 pulley release is novel and has the advantage
of easy maneuverability over acutely bent needle and minimal chances of complications. The cutting edge of the curved needle scores through
the thickened pulley with effective release and easy maneuverability.

Keywords: Fixed flexion deformity, flexion tenosynovitis, percutaneous pulley release, pulley, triggering

INTRODUCTION

Snapping and locking of the finger during flexion is known
as trigger finger (TF). TF is most commonly caused by
focal stenosing tenosynovitis at Al pulley that leads to focal
reduction in the volume of flexor tendon sheath, particularly
in anteroposterior direction. The flexor tendon coursing
underneath the thickened pulley finds it difficult to glide during
flexion of finger and in severe condition gets locked. The ring
finger and thumb are most often affected by TF.[V%

Primary or idiopathic TF is more common while secondary TF
is either associated with abnormal biomechanics, for example,
excessive flexion and extension of digits, sequalae to palmar
skin trauma; or secondary to systemic disorder, for example,
diabetes mellitus, rheumatoid arthritis, hypothyroidism,
histiocytosis, amyloidosis, and gout. The incidence of TF
is about 2% in the general population, more commonly in
females and in patients with diabetes (7%) and rheumatoid
arthritis.l®!

Mild TF is treated conservatively, with oral anti-inflammatory
drugs, physical therapy, or corticosteroid injections; while
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severe cases are often managed by an open surgical release,
which is successful in 83 ~ 98% of cases.!!

Percutaneous pulley release in TF is a minimal invasive
intervention having outcome equal to the open surgical
release. Due to the advantages of outpatient procedure, shorter
recovery time, avoidance of scar/fibrosis; percutaneous pulley
release is nowadays accepted as a preferred management
for severe/recalcitrate TF.® However, the potential risk of
blind percutaneous pulley release, for example, damage to
the tendon and neurovascular structures has been largely
overcome by performing the release in real-time visualization
under ultrasound (US). It has added advantage to confirm
that the release is partial or full thickness. The TF pathologic
anatomical structures identified by US are even far superior
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than magnetic resonance imaging (MRI), especially in the
dynamic evaluation.578 The US-guided percutaneous pulley
release has been previously described and several different
ways have been postulated including straight needle, needles
bent in several patterns, and specially designed knives with
hook shape.?™ The prototype knife device described in the
literature is not available everywhere for routine clinical use.
US-guided percutaneous Al pulley release using a needle is
usually performed with an 18-gauge or 21-gauge needle. The
straight needle techniques operate between the subcutaneous
tissue and the superficial surface of the pulley compared to the
curved needle technique that operates between the interface of
the thickened pulley and the tendon. The thickened pulley is
stretched and cut by the sharp curved needle tip which causes
adhesiolysis as well as cutting of the fibers of the thickened
pulley. The needle usually bent at one or multiple sites at
various angles to create a scalpel effect at the tip of the needle
and has a variable success rate. However, it has been reported
that the needles can twist or turn on themselves easily and the
sharp tip inadvertently can cause injury to the surrounding
structures.>#1% This can potentially be avoided by converting
the straight/angle bent needle into a smooth curvature. The aim
of our article is to demonstrate the curved needle technique of
Al pulley release under US guidance.

Anatomy and hiomechanics of pulley

The flexor tendons are long cord-like structures that pass
through the tendon sheath and attach the flexor muscles to the
middle and distal phalanges. The tendon glides upon the tendon
sheath smoothly during flexion and extension. To prevent any
bowstringing during flexion of the finger, a number of fibrous
bands called “pulleys” hold the flexor tendons closely to the
phalanges. The pulley at the base of the finger is called the
“Al pulley” [Figure 1] and its thickening is the most common
culprit in TR.1

Pathogenesis of trigger finger
Inflammation and thickening of Al pulley reduce the
anteroposterior diameter of the patent tendon sheath. This
increases the friction between the tendon and tendon sheath/
pulley, and tenting of flexor tendon proximal or distal to the
thickened pulley. Over the course of time, the flexor tendon
become inflamed and develop a small nodule on its surface;
thereby increasing the anteroposterior diameter of tendon
and further increases the friction between tendon and sheath/
pulley. On flexion of the finger, when the nodule passes through
the pulley, the patient experiences pain and a catching or
popping sensation. In severe cases of TF, the nodule get stuck
at proximal or distal margin of the thickened pulley and the
finger gets locked in a flexed position. Often the patient has
to use the passive force to straighten the finger, hence giving
its name of “trigger finger.”®! Most cases of TF are idiopathic,
hence several factors may increase the risk for developing the
condition. These include:
* Systemic disorders: TF is more common in people
with diabetes, rheumatoid arthritis, hypothyroidism,
histiocytosis, amyloidosis, and gout

Figure 1: lllustrated diagram of flexor aspect of finger demonstrates FDS
and FDP tendons passing through pulleys (A1 pulley at MCP level, A2
pulley at proximal phalanx level, A3 pulley at proximal interphalangeal joint
level, A4 pulley at distal phalanx level and A5 pulley at distal interphalangeal
joint level). FDS: Flexor digitorum superficialis, FDP: Flexor digitorum
profundus, MCP: Metacarpophalangeal joint

*  Abnormal biomechanics: The condition is known to occur
after forceful use of the fingers and thumb in activities
involving manual dexterity, racquet sports, etc., The other
causes include the activities involving excessive flexion
and extension of digits, repeated friction between the
flexor tendon and tendon sheath, and secondary to palmar
skin trauma.t*?

Symptoms of trigger finger

The symptoms of TF include pain and stiffness while flexion
and/or extension of the finger, especially after a period of
inactivity. A tender lump at the base of the finger on the
palmar aspect corresponding to thickened pulley causing a
catching, popping, or locking sensation with finger flexion and/
extension. In a severe case, the involved finger may become
locked in a bent position.[*21

According to the degree of entrapment between the flexor

digitorum tendon and tendon sheath, TF is divided into five

grades:["#

*  Grade 0: No triggering

*  Grade I: Intermittent, moderate triggering

*  Grade 2: Continuous triggering that is eliminated with
active extension

*  Grade 3: Triggering with flexion contracture that requires
the patient to use passive force to unlock the involved
finger

*  Grade 4: Active flexion of the finger is impossible i. e
fixed flexion deformity.

MareriaLs AND METHODS

Ultrasound imaging of A1 pulley

Fingers are best evaluated by high-frequency hockey stick
probe (12-18MHz). On axial scan at MCP joint level, flexor
tendon appears as hyperechoic round to oval structure
superficial to volar plate. Superficial to flexor tendon, a thin
hypoechoic band of Al pulley is seen on three sides of the
tendon: superficial, radial, and ulnar, while on a longitudinal
scan, the tendon is demonstrated as linear fibrillar structure
superficial to triangular volar plate. The thin short linear
hypoechoic line of pulley is demonstrated superficial to
flexor tendon. On axial scan, refraction of US beam by radial
and ulnar aspects of pulley due to its oblique orientation
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causes refractile shadowing and thus these should not be
misinterpreted as thickening [Figure 2].

Ultrasound imaging of trigger finger

On US, fusiform thickening of the Al pulley is the hallmark
of TF and in severe cases, the development of a nodule on the
surface of flexor tendon adjacent to pulley [Figures 3 and 4].
Other frequently observed features include flexor tendinosis and
tenosynovitis [Figure 5]. Since the flexor tendon has a rather
wavy course adhering to the adjacent phalanges, the tendon can
be affected by anisotropy and to untrained eyes, this may look
such as tendinosis, appropriate maneuvering of the probe is
necessary to overcome anisotropy [Figure 3]. Often more than
one pulley can be thickened with diffuse thickening of the tendon
sheath. On dynamic imaging, there can be redundancy of the
flexor tendon sliding against the thickened pulley with tenting.!

Patient selection for percutaneous US-guided pulley
release

All our patients for percutaneous release of pulley were referred
by experienced hand surgeons, plastic surgeons, exercise and

Figure 2: Longitudinal (a) and axial (b) US image of the finger
demonstrating normal flexor tendon (yellow dot), and pulley (yellow
asterisk). Care is taken not to misinterpret the refractile shadowing of
US beam as thickening of radial and ulnar aspect of the pulley (yellow
arrows in b). US: Ultrasound

Figure 4: Longitudinal (a) and axial (b) US images of the finger
demonstrating a focal hypoechogenic tendon surface nodule (red
asterisk) adjacent to A1 pulley (yellow asterisk) causing triggering of
flexor tendon (yellow dot). US: Ultrasound

Figure 6: Longitudinal (a) and axial (b) US image of the ring finger showing
a focal thickening of the palmar fascia in keeping with Dupuytren’s
contracture (asterisk). Note must be made that the pulley and tendon
sheath appear unremarkable. US: Ultrasound

sports medicine physicians or their fellows. We do not accept
any patient for the procedure from the primary or secondary
health-care sector unless the patients have been assessed by
the relevant experts. It is important to identify the patients who
would benefit from percutaneous release of pulley. There are
other causes of flexion abnormality/deformity of the fingers

Figure 3: Longitudinal US image of the finger showing fusiform thickening
of the A1 pulley (yellow asterisk) at the MCP joint level. The flexor
tendon along the proximal phalanx level appears hypoechogenic due
to its changed course causing anisotropy artifact (yellow dots). MCP:
Metacarpophalangeal joint

Figure 5: Longitudinal US image of the finger showing diffused thickening
of the flexor tendon sheath in keeping with tenosynovitis (yellow dots).
US: Ultrasound

Figure 7: Transverse US image of the dorsal aspect of the hand
showing radial dislocation of the extensor tendons of the middle and
ring fingers (yellow rings) due to sagittal band tears causing flexion
of the MCP joints mimicking fixed flexion deformity. US: Ultrasound,
MCP: Metacarpophalangeal joint
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such as Dupuytren’s contracture, and sagittal band tear of the
extensor tendons, which can mimic TF and it is important
to exclude such patients from pulley intervention [Figures 6
and 7]. The clinical criterion for percutaneous pulley release
sighted in the literature include triggering presence for at least
4 months and failure to respond to conservative management
or steroid injections.™*"

Method of pulley release

Material necessary [Figure 8]:

»  Sterile drape

e Chlorhexidine

e 25-gauge needle

*  Methylprednisolone acetate 40 mg

*  Bupivacaine hydrochloride (0.5%) 2 ml
*  Appropriate dressing

» Lignocaine (1%) 2 ml

*  19-or 22-gauge needle.

The needle should be bent to get a diffuse curve, this can be
easily achieved by threading the needle through a wider bore
needle such as drawing up needle, the drawing up needles tend
to have a blunt tip and also avoids inadvertent needle tip injury
to the operator [Figure 9].

Procedure

Informed verbal or written consent is obtained. The procedure
is performed under aseptic precautions. Following sterile
draping, the target finger is fixed and kept in an extension
posture. Under longitudinal US-guidance, a 25-gauge needle
is used to inject 1% Lignocaine local anesthesia into the
subcutaneous plane, the local anesthetic injection is helpful in
more than one way, it can make the procedure more tolerable
to the patient as well as the injectate can create a plane of fluid
around the thickened pulley highlighting it and make it easy
for the targeted release [Figure 10]. The needle insertion site
can be chosen either distal or proximal to the thickened Al
pulley, it is advisable to choose the needle insertion site based
on the natural inclination of the tendon desirably creating
room for navigation of the bent needle (the operators prefer
proximal to distal course). The prior prepared 19 or 22-gauge
bent needle is inserted into the interface between the flexor
tendon and the thickened pulley such that the leading end of
the curve is pointed anteriorly and the cutting edge lies against
the thickened pulley. Care must be taken to hold the hub of
the needle firmly avoiding the turning the needle away from
the targeted pulley. Once the needle tip is confirmed on the
US to be located deep into the thickened pulley, the hub of the
needle is gently pressed against the skin that will lift the tip
of the needle and engage the cutting edge against the pulley.
The needle should then be retracted from distal to proximal
aspect (or proximal to distal aspect) until the needle tip snaps
off the thickened pulley which is usually visible on US and also
physically felt by the patient as well as the operator [Figure 11].
Transverse images should be obtained to confirm the
needle position being away from the digital neurovascular
bundles [Figure 12 and Video Clip 1]. The procedure should

'.:t LY

Figure 8: Representational image of the kit necessary for the percutaneous
release of the pulley including 25 g needle for local anesthetic injection,
22 g needle for cutting the pulley, red drawing up needle to aid bending of
the needle, chlorhexidine skin preparation stick, gauze and sterile gloves

Figure 9: Image showing different kinds of needle bending including the
smooth bent needle (red ring)

Figure 10: Longitudinal US of the finger demonstrating a plane of
fluid from local aneasthetic injection (dot), highlighting the thickened
pulley (asterisk). US: Ultrasound

be repeated 3-5 times until the pulley feels rather lax which
confirms a successful release. The procedure is finished with an
injection of methylprednisolone and bupivacaine mixture made
up to around 2 ml into the tendon-pulley interface. The steroid
solution can be seen as extravasating due to fenestrations
created in the pulley due to successful release [Figure 13].
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Figure 11: (a-c) Showing longitudinal ultrasound images of sequential scoring of the thickened A1 pulley (asterisk) using a curved needle

Figure 12: Transverse image demonstrating the needle (yellow arrow)
under the pulley. The dot denotes the tendon and the asterisk denotes
neurovascular bundle

Figure 13: Transverse US image of A1 pulley demonstrate focal defect
in pulley after percutaneous release (arrow) and extravasation of steroid
outside pulley through the defect. US: Ultrasound

The result is usually a partial thickness scoring against the
thickened pulley rather than a full thickness release, but it is
sufficient as the bulk of the thickened pulley is reduced by
cutting down few pulley fibers to restore the smooth gliding
of tendon. The phenomenon of bowstringing due to complete
pulley release does not apply to Al pulley and rather related
to A2 pulley loss. Precaution, however, is essential to avoid
any injury to flexor tendon during the procedure and hence a
continuous US monitoring is essential.

Technique of needle curving

Asmooth curve of the needle can be obtained by threading the
needle through a wider bore needle, preferably a drawing-up
needle which has blunt tip to avoid inadvertent needle stick
injury to the operator. The needle should be bent such that the
bevel face of the needle is facing 90° to the desired cutting/
scalpel end, this enhances the sharpness of the needle tip.
Once the desired length of the needle is threaded into the
wider needle (usually by about 1 cm), the cutting needle
is gently drawn backward applying a bending force which
will allow the needle to bend at the tip of the wider needle.
The needle should be pulled back in regular increments till
it comes out completely and a uniform needle bending is
obtained [Figure 14]. Alternatively, an artery clip forceps can
be used to bend the needle but often it is difficult to create a
uniform/smooth bend by this technique.

Pain diary and follow up

The procedure is followed by issuing of 2-week pain/symptoms
diary to assess the symptomatic relief from the procedure
which includes a 0 to 10 pain scale to be tabulated before the
procedure, after the procedure, first few days up to 2 weeks.
The patients are also encouraged to draft free text describing
their symptomatic relief up to 6 weeks. The patients are also
encouraged to document the symptomatic relief separately for
pain and/or triggering. The patients get an automated clinical
review with the referring clinicians after 6 weeks.

Discussion

TF is a common and often debilitating ailment, which when
fails conservative treatment, a percutaneous release of the
offending thickened pulley has shown promising results in the
previous studies. The advantage of a percutaneous procedure
is, i.e., a short outpatient procedure with short recovery time
and avoidance of surgical scarring and related complications.
It also contributes toward offloading of already existing burden
on the long surgical procedure waiting list and allows other
essential surgical procedures to take priority. There are a few
different techniques of release of the pulley and we describe a
curved needle technique of Al pulley release which is not novel
but a modification of already existing needling techniques.
The procedure is safe, effective, and minimally invasive
intervention performed under US-guidance with minimal
complications. A needle with a smooth curve is effective and
easy to handle as compared to acutely bent needles which can
turn on themselves making the procedure ineffective as well
as operationally difficult and the straight needle which does
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Figure 14: (a and b) Demonstrating technique of uniform needle bending
for percutaneous release

not score the thickened pulley all the way. The procedure is
outpatient based in the US suite of the radiology department,
well tolerated by the patients with short recovery time and
absence of surgical scarring and related complications. The
initial experience based on the 2-week pain diary and feedback
from the referring clinicians is excellent and promising.
However, a formal audit and a case-control study is warranted
to objectively analyze the short-term and long-term outcomes.
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Radiological imaging forms an integral part in the diagnostic and management algorithm of patients with bone tumors. Although plain
radiography tends to be the first line of imaging in a patient with suspected bone tumor, advances in technology, computer software, physics
and techniques have expanded the modalities available to us in the form of computed tomography (CT), magnetic resonance imaging, and
various scintigraphy techniques. These imaging modalities in combination with a clinician led multi-disciplinary team help in the exact
diagnosis, appropriate management, and monitoring of patients for recurrence. In this narrative review, we highlight the current applications
of conventional imaging, the emerging role of hybrid imaging, and explore the future directions of radiological imaging in the management
of patients with bone tumors.

Keywords: ®¥F-FDG positron emission tomography/computed tomography, bone neoplasms, computed tomography, magnetic resonance

imaging, nuclear medicine, positron emission tomography/computed tomography, radiography

INTRODUCTION

The diagnostic process of bone tumors relies on various
imaging modalities, ranging from conventional radiography,
which can provide a two-dimensional (2-D) image of a bone
lesion, structural imaging using computed tomography (CT)
and magnetic resonance imaging (MRI); scintigraphy
techniques, to more revolutionized hybrid techniques, such
as positron emission tomography (PET), PET/CT, and PET/
MRI. These can provide whole body imaging and provide
simultaneous details on the morphology and anatomy of the
bone tumors.™ These imaging methods are not limited to the
diagnosis; for instance, CT-guided interventions aid clinicians
in performing procedures such as tumor ablation or biopsy.™

In the 1970s, bone tumors were mainly evaluated with
radiographs and its importance as a primary imaging
modality has not changed over the decades.??! However, with
technological advancement, further imaging modalities have
been introduced, such as CT, MRI, and radionuclide imaging,
to increase the accuracy of bone tumor evaluation.? Despite
all the advancements, studies have shown that conventional
radiographs and MRI remain the imaging modalities of choice
in evaluating bone lesions.!
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Furthermore, the main question remains to be the contribution
level of other imaging modalities and the extent they can
contribute toward diagnosing and management of bone
tumors.B!

The other is the need for a systematic approach to imaging
reports, which can lead to decrease in variability and affect
the accuracy of diagnosis.

Artificial intelligence (Al) is an emerging area of research
and debate in the delivery of patient care.! Some studies
have found that the Al-based model can be utilized to classify
bone tumors in some anatomical locations with a high
performance.!

As bone tumor diagnosis ought to be precise and accurate,
future research will focus on the new imaging techniques and
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their use in the early diagnosis, appropriate management, and
effective monitoring of patients with bone neoplasms.?

A concerted effort needs to be undertaken to improve the
diagnostic accuracy of various forms of radiological imaging
in the assessment of bone tumors including the use of hybrid
imaging and the evolving role of AL

This article explores the latest advancements in imaging
modalities that can aid diagnosis, management, and monitoring
of patients with bone neoplasms. Possible future advances
will also be addressed, including the role of Al in diagnosis
of bone tumors.

RApI0GRAPHY

Radiography remains the primary imaging modality
recommended for diagnosing bone tumors.! Further imaging
can evaluate the extension of the lesion and assist in the
staging of the tumor.["! The principles of radiography allow
healthcare professionals to assess the morphology of the tumor
in various aspects such as the location, margin, pattern of
bone destruction, periosteal reaction (PR), matrix, soft-tissue
involvement, or skip lesions.”8 Furthermore, this imaging
allows the observation of bone tumor complications such as
pathological fractures.®

Combining these pieces of information with the patient’s age
can narrow the list of differential diagnoses, and in 80%—90%
of cases, this information is enough to make a diagnosis.["

Radiographs must be viewed systematically using the
previously mentioned factors for an accurate differential
diagnosis.!"

Age of the patient

Generally, certain bone tumors occur in a specific age group.
Even though some exceptions exist, it is still paramount that the
patient’s age be assessed first.®! For instance, Ewing’s sarcoma
mainly affects patients in their teenage years. However, a
similar lesion in a 40-year-old patient is more likely to be
metastasis or multiple myeloma.”! In addition, some bone
tumors, such as osteosarcoma, follow a bimodal pattern with
two peak ages; one is primary conventional osteosarcoma in
teenagers while, the other arises from the pagetic or irradiated
bone in patients over 50 years old [Table 1].

Location

Reviewing the location of the bone tumor is essential. There
are three crucial factors in assessing the correlation of bone
tumor location with the bone, first identifying the affected bone.
Second, describing the transverse and longitudinal location of
the lesion.[*

Identifying the exact location of the bone tumor is vital as
some bone tumors affect specific bones and areas of the bone.
For instance, while metastases can affect any bones in the
body, they tend to affect bones with high red marrow content,
including vertebrae, ribs, pelvis, and long bone ends.*

Primary bone tumors can occupy central, eccentric or
a cortically based epicenter locations. These can be
intramedullary, cortical, periosteal, and parosteal. Moreover,
longitudinally bone tumors can be present on epiphysis,
metaphysis, or diaphysis of tubular bones®*? [Figures 1 and 2].

Zone of transition and margin
The margin between the abnormal lesion and normal
bone can be a determinant factor for the aggression of

Table 1: Relationship of patient’s age and common bone
tumorst®1%

Age range
(years)

<5 Eosinophilic granuloma, -
osteofibrous dysplasia
5-10 Unicameral bone cyst, -
aneurysmal bone cyst,
nonossifying fibroma,
fibrous dysplasia, osteoid
osteoma, osteoblastoma,
eosinophilic granuloma
Fibrous dysplasia,
osteoid osteoma, fibroma,
nonossitying fibroma,
aneurysmal bone cyst,
chondroblastoma,
osteoblastoma, giant cell
tumor, osteochondroma,
multiple hereditary
exostosis, enchondroma,
chondromyxoid fibroma

Benign osseous tumors  Malignant osseous tumors

10-20 Ewing’s sarcoma,

osteosarcoma

20-40

Enchondroma, giant cell
tumor, osteoblastoma,
osteoid osteoma,
chondromyxoid fibroma,
fibrous dysplasia

Chondrosarcoma,
periosteal osteosarcoma,
pleomorphic sarcoma,
osteosarcoma (parosteal),
adamantinoma

Chondrosarcoma, chordoma,
lymphoma, metastases,
multiple myeloma,
osteosarcoma (Paget’s
associated), plasmacytoma,
pleomorphic sarcoma,
metastatic disease

>40 Fibrous dysplasia

Ewings Sarcoma

Fibrous Dysplasia
Osteoid Osteoma
Simple Bone Cyst

DIAPHYSIS

Aneurysmal Bone cyst
Non ossifying fibroma
Osteochondroma
Enchondroma
Osteosarcoma
|nfection

METAPHYSIS

Chondroblastoma

Giant Cell Tumour

Clear Cell Chondrosarcoma
(Geodes

Infection in neonates)

Figure 1: Schematic showing location of various bone tumors
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the tumor. For instance, tumors with sclerotic margins are
likely nonaggressive lesions.[m Conversely, bone tumors
with nonsclerotic margins are possibly aggressive.l"]
Moreover, as the margin width between the lesion and bone
structures gets bigger, the risk of malignancy increases.”
The transition zone’s width and the margin’s morphology
are usually correlated. For instance, malignant tumors

a 1 ‘ b m

Figure 2: Figure demonstrating showing GCT (epiphyseal location-arrow)
(a), ABC (metaphyseal location-arrow) (b) and adamantinoma (diaphyseal
location-arrow) (c)

a i b
Figure 3: Anteroposterior (AP) of knee showing narrow zone of transition

(arrow) (a) and AP (b) and lateral (c) of femur demonstrating wide zone
of transition

[}

will usually have a wide nonsclerotic margin.t’l However,
it is paramount to note that benign lesions such as giant
cell tumors might not follow this pattern as they usually
have been found to have nonsclerotic margins with narrow
transition zone! [Figure 3].

Pattern of bone destruction

On radiographs, various terms are used to describe the pattern
of bone destruction, such as “geographic,” which indicates a
well-defined and generally the least aggressive form of the
lesion.[”! There are more aggressive patterns which include
“moth-eaten” pattern that refers to an irregular pattern at
the edges seen in malignancies such as Ewing’s sarcoma or
multiple myeloma.l*®! The other aggressive appearance that
can be confused with moth-eaten is the Permeative pattern
which can be seen in lymphoma, myeloma, Ewing’s sarcoma
and neuroblastoma. This pattern indicates the invasion of
bone tumors through the cancellous bone without destroying
all the trabeculae structures.[*® The misinterpretation of
these two aggressive patterns, moth-eaten and permeative,
does not grossly change the management plan as both imply
characteristics of malignant tumors!™ [Figure 3].

Periosteal reaction

PR is considered a nonspecific factor for tumor malignancy.[”!
However, a healthcare professional should be familiar with the
spectrum appearances of PR and detect its presence. These PR
changes range from the lamellated pattern to solid, speculated,
Codman’s triangle, or expanded shell patterns* [Figure 4].

According to the available data, the prevalence of PR is varied
between different types of bone tumors. For instance, Ewing
sarcoma will always present with a form of PR and only 37%
of solitary metastasis present with a degree of PR.[*!

Matrix

Some tumors comprise a unique matrix, which can be cartilage
or bone-producing (osteoid).l** The density of the bony matrix
in bone tumors can imply their aggression level. Generally,
tumors that produce less dense bony structures (amorphous
osteoid) are more aggressive than bone tumors that produce

Figure 4: Figure demonstrating Codman’s triangle (a), lamellated “onion skin” pattern (b), hair on end appearance (c) and mixed pattern

(d) of periosteal reaction (arrow)
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well-organized and denser bony matrix.[ Furthermore, tumors
that produce chondroid matrix appear stippled with popcorn
or rings and arcs appearancel™** [Figure 5].

Soft-tissue involvement

Even though other advanced methods of imaging, such as CT
and MRI, will best demonstrate any invasion of the tumor to the
adjacent soft tissue and neurovascular structures. Radiographs
can demonstrate bone tumor invasion into soft tissues to
some extent.['6171 Soft-tissue involvement in conventional
radiography is illustrated as an obliteration of fat planes and
poorly defined components.[617)

Pathological fracture

Fractures are a decisive factor in bone tumors. However, the
pitfall of this component is the high level of radiographic
similarities between pathological fractures and stress fractures.™*®!
It is essential to obtain patient’s history to differentiate stress
fractures from pathological fractures, as stress fractures usually
correlate with increased activity.l'® Furthermore, pathological
fractures usually occur in three locations: the subtrochanteric
femur, junction between the humeral head and metaphysis and
the spine. However, up to 10% of pathological fractures require
further imaging for accurate diagnosis.®8!

Skip lesions

According to Enneking and Kagan., skip lesion is the presence
of secondary small focus of tumor separate from the primary
lesion. Radiographs might not detect these skip lesions but can
be seen on MRI or bone scan**?% [Figure 6].

Computep ToMOGRAPHY

CT has similar principles as radiography. This imaging
modality provides images with very thin slices (<Imm) to

Figure 5: AP radiograph of tibia showing ground-glass matrix of fibrous
dysplasia (a), proximal phalanx showing chondroid matrix (b) and distal
femur showing osteoid matrix (c) arrow. AP: Anteroposterior

accurately detect the anatomical location of bone tumors.i*2
This technique has superiority in detecting various elements
of the tumors based on different densities.?!

Moreover, it has a sensitivity of 71% to 100% and a specificity of
56% in detecting bone metastases, making it more suitable than
radiography.224 CT can also help to stage tumors by identifying
pulmonary metastasis on CT of chest?) [Figures 7 and 8].

CT enables to perform image guided biopsies
and tumoral radiofrequency, chemical, microwave or
cryo-ablation®? [Figure 9]. Biopsy tract contamination is a
significant concern, and surgical removal of the biopsy tract
should be included in the surgical plan.

MacneTic REsoNANCE IMAGING

MRI is the gold standard for the detailed evaluation of bone
tumors and tumour-like lesions. There are several advantages
for the MRI over other imaging modalities, such as its ability
to differentiate between different types of bone tumors and
detect early bone marrow involvement. It can demonstrate
components such as cartilage, vascular tissue, fat, liquid, and
hemosiderin, which may be indistinguishable on other imaging
modalities.?? It can narrow the differential diagnosis and
provide additional information to aid treatment planning.???

One of the significant advantages of MRI is its ability to
detect bone marrow involvement. Faint lytic/sclerotic bone

Y
.k ot
bl :

o o E .

Figure 6: Bone scan showing osteosarcoma of right distal femur (long
arrow) with proximal tibial skip metastasis (short arrow) (a) and
osteosarcoma of right distal femur (long arrow) with femoral skip
metastasis (short arrow) (b)
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lesions can be difficult to visualize using only radiographs,
and MRI is superior to other imaging modalities in detecting
bone marrow lesions. This phenomenon is critical as early
detection of bone marrow involvement can help plan the
appropriate management strategy. MR is also helpful in local
staging and surgical planning because it assesses the degree of
intramedullary extension and invasion of adjacent structures
such as physis, joints, muscle compartments, and neurovascular
bundles. Additionally, MRI can be used for restaging after
neoadjuvant therapy and for follow-up.?

Magnetic resonance imaging protocols

Imaging protocols for bone tumors vary between institutions,
but a combination of T1 imaging and fluid-sensitive
sequences (e.g., T2, Proton Density Fat Saturated (PDFS),

¢

Figure 7: Axial CT of the chest showing pulmonary metastases (arrows).
CT. Computed tomography

Figure 8: AP radiograph of femur (a), CT coronal (b) and axial (c) showing
stress fracture with thick periosteal reaction (arrow)

Short Tau Inversion Recovery (STIR)) in different planes
are required at a minimum. Gadolinium-enhanced MRI
sequences can provide additional information, particularly
to distinguish between solid and necrotic/cystic components
within a lesion that generally do not enhance but not
essential 1%

Whole-body magnetic resonance imaging for oncological
staging

Whole-body MRI is sometimes used for staging bone
tumors, particularly childhood bone tumors such as Ewing
sarcoma and osteosarcoma. This involves the acquisition
of wide-field-of-view images over large body regions using
limited sequences, such that the entire body from head to
toe is imaged. Whole-body MRI is particularly valuable in
identifying small intramedullary osseous metastasis that may
be occult on CT and nuclear imaging. Additionally, it avoids
ionizing radiation exposure?® [Figures 10-12].

RabionucLIDE IMAGING

Radionuclide imaging is a technique that uses radioactive tracers
to assess and visualize the function of different organs and
tissues, including bones.'? In this technique, the radiotracers
are injected into the body.? Subsequently, the gamma rays
emitted by the radiotracers are detected by a gamma camera,
generating a 2-D image to assess the biological activity of the
investigated tissue.l2?41 |t is worth noting that the integration of
tomography allows three-dimensional imaging with a Gamma
camera called single-photon emission CT (SPECT).[24%

The two main types of radioisotopes used to assess skeletal
metastasis are osteotropic and oncotropic radioisotopes.™*?
Radioisotopes that specifically target bones, known as osteotropic
radioisotopes, can accumulate at the site of active bone
deposition, regardless of the underlying cause. Methylene
diphosphonate (99mTc-MDP), a metastable technetium 99
labeled diphosphonate, is the most used osteotropic agent
in skeletal scintigraphy due to its effectiveness, low price,
extensive accessibility, and advantageous radiation dosage
profile.*? PET uses an osteotropic compound called ®F-labelled
sodium fluoride (NaF), which has a higher extraction rate
compared to 99mTc-MDP.['2 Nonetheless, its use is limited by
its relatively low specificity when used alone and the need for
a cyclotron to produce it.*? Hybrid imaging techniques may
be required to improve diagnostic specificity.*?

Figure 9: CT demonstrating osteoid osteoma of left proximal femur (arrows [a and b]) and left second metatarsal (c) treated with RFA (d). RFA:

Radiofrequency ablation

I Journal of Arthroscopy and Joint Surgery | Volume 10 | Issue 3 | July-September 2023 135




Shojaie, et al.: Bone tumor imaging

In contrast, oncotropic radioisotopes are taken up by malignant
cells and are further sub-classified into specific and nonspecific
oncotropic radioisotopes.l*? There are three main types of
radionuclide imaging used in the imaging of bone tumors:
planar scintigraphy, SPECT imaging, and PET.[*?

PLANAR BONE SCINTIGRAPHY

PBS is acommonly used radionuclide technique for identifying
skeletal metastasis; this is mainly a result of its widespread
availability.® To gain a comprehensive understanding of
the findings from PBS, it is imperative to acquire knowledge
on the characteristic features of a normal PBS. In a healthy
adult, bone activity should be symmetrical throughout the
skeletal system.?” Scant renal and soft-tissue activity is also
typically observed, along with urinary bladder activity.?” Areas
of increased uptake, referred to as hotspots, correlate with
osteoblastic activity and may indicate the presence of bone
tumors.?® Scintigraphy using planar imaging is advantageous
as it enables the visualization of the entire skeleton, including
regions that are not typically part of a skeletal survey.l*?
Scintigraphy has high sensitivity, allowing for early detection
of skeletal metastases, and can detect abnormal radio-tracer
accumulation on a bone scan with only a slight change in the
lesion-to-normal bone ratio.? For detecting bone metastasis,
bone scintigraphy has a sensitivity of 78% and a specificity of
48%. As aresult, it is a valuable tool for detecting osteoblastic
bone metastases, which can be identified up to 18 months
earlier on bone scintigraphy than on radiographst*? [Figure 6].

Itis vital to consider the limitations of bone scintigraphy as a
diagnostic tool for detecting bone metastases. As osteotropic
radioisotopes are widely used for this purpose, they are not
specific to malignant lesions and can result in false positive

Figure 10: STIR images showing osseous edema (arrows) adjacent to
chondroblastoma (a), fluid-fluid levels (arrow) in ABC (b and c)

results.?>® Moreover, the inadequate precision of bone
scintigraphy in assessing anatomical information hinders its
ability to determine benign lesions and the precise location of
the lesion.?®31 Another limitation is the lack of radio-tracer
accumulation in osteolytic lesions, such as renal cell carcinoma
metastasis, which limits its sensitivity in evaluating metastases
with osteolytic lesions.*? False-negative results can also occur
since bone scintigraphy primarily assesses the bone deposition
process rather than the tumor’s proliferation.

Furthermore, evaluating focal accumulation of the radioisotope
in the spine often requires further imaging modalities, as it may
result from degenerative disease rather than bone metastasis.®*
It is important to note that extensive bone metastases may
initially appear normal on bone scans, a phenomenon known
as a super scan.+®! A super scan is characterized by diffuse
increased skeletal radioisotope uptake in relation to soft
tissue, with little or no renal activity.®® Therefore, careful
renal activity and uptake inspection is crucial for excluding
super scans.?

SiNGLE PHoton Emission ComPuTED ToMOGRAPHY

IMAGING

SPECT is a technique that utilizes a gamma camera and
radiotracers to generate tomography images.” For skeletal
imaging, 99mTc-MDP is injected as the radiotracer. 2-6 h
after intravenous administration of the radiotracer, the gamma
camera is used, which rotates 360 degrees to reconstruct
adequate images of the musculoskeletal system.*38 SPECT
allows for better spatial resolution compared to PBS, enhancing
the bone scintigraphy’s sensitivity. This is especially useful
when assessing anatomically complex areas like the spine
and pelvis.F*4 One of the main limitations of SPECT is its
limited specificity, as it may not distinguish between benign
and malignant bone tumors, which can lead to false-positive
results.®¥! Additionally, SPECT provides physiological
information on tissues and not anatomical information, which
limits its accuracy in the localization of the lesions."!!

PositTron EmissioN ToMOGRAPHY IMAGING

PET imaging utilizes the tomography technique to create images
of metabolically active tissues.*? The radiopharmaceuticals
used in PET imaging differ from those used in SPECT

Figure 11: AP radiograph of left femur (a) T1 coronal (b), axial (c), and STIR axial (d) showing intraosseous lipoma (arrow)
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Figure 12: Coronal T1 (a) and STIR (b) showing infarcts in distal femur
and proximal tibia

and PBS as they undergo positron decay.*? When the
radiopharmaceutical accumulates in the tissue, it emits a
positron that annihilates with an electron of the tissue, resulting
in the emission of two photons in opposite directions.*3 The
gamma camera detects these high-energy photons, and a
computer reconstructs the information into an image.*! The
two most common radiotracers used for bone tumor imaging
are ®¥F-fluorodeoxyglucose (FDG) and *F-Sodium Fluoride
(NaF).“z"“‘]

FDG is a glucose analogue that accumulates in cells with high
glucose metabolism, such as cancer cells.*? On the other hand,
NaF is a bone-seeking radiopharmaceutical that accumulates in
areas of increased bone turnover, such as bone metastases.!*2
Both radiotracers effectively detect bone tumors, and their
choice depends on various factors, including the type of
tumor being imaged and the clinical question being asked.[*?
The available literature indicates that 'F-NaF PET is more
sensitive and specific in detecting metastases, specifically
osteolytic lesions, compared to PBS and SPECT.[*? A study
conducted by Cook et al. concluded that ®F-FDG PET is
superior to PBS in identifying osteolytic lesions caused by
breast cancer metastasis. However, the same research also
revealed that PET could not detect osteoblastic lesions due to
their lower metabolic activity.[*! It is worth noting that PET is
much more expensive than SPECT and utilizes shorter-lived,
harder-to-find radiotracers.[*

HysRrip IMAGING

As previously mentioned, radionuclide imaging provides
molecular information on the lesions rather than anatomical
information.®” As such, combining the two imaging techniques
can be helpful in the management and monitoring of patients
with bone metastasis.“” The well-established forms of hybrid
imaging are SPECT/CT and PET/CT.I*! The sensitivity and
specificity of PET/CT in skeletal malignancy are 100%
and 97%, respectively, compared to 98% and 56% with 8F
FDG-PET alone.’? It is worth mentioning that PET/MRI
is a more recent technology which has been found to be
more sensitive at finding clinically relevant information than
PET/CT. Therefore, PET/MRI has the greatest potential for
the early detection of bone tumors.[*?

Future Directions IN Bone Tumor IMAGING

Advancements in technology and radiopharmaceutical
development are expected to have a promising impact
on the future of bone tumor imaging. In addition, hybrid
imaging methods such as PET/MRI and SPECT/CT are
gaining popularity as they provide anatomical and functional
information in a single scan.! These developments offer
exciting possibilities for the future of bone tumor imaging,
potentially leading to more accurate diagnoses and targeted
treatments for patients.

Al is also being integrated into imaging systems, particularly
in radiography.*! The primary purpose of this model is to
minimize the misdiagnosis of bone tumors by radiologists who
are not specialized in musculoskeletal oncology.™

Some studies have shown that Al algorithms have a 6.3%
higher accuracy in detecting a bone tumor when compared
to radiology residents.5® However, the detection rate of bone
tumors with Al algorithms could not be assessed as all the data
sets had a lesion, and no normal radiographs were present./5%
Moreover, the main drawback of Al is that the algorithms
require experts to manually check the quality of data inputs,
which is time-consuming and expensive.F!

CoNcLuSION

There is no doubt, radiological imaging forms a crucial
element in the diagnosis, management decisions, monitoring
and surveillance of patients with bone tumors. Plain
radiography, CT, MRI, and radionuclide imaging have their
own advantages and disadvantages. However, selection of
appropriate modality and application of hybrid imaging is
essential in the management of such patients particularly in
the complex clinical presentations. Emerging technology such
as Al will have evolving role in the diagnostic algorithm of
bone neoplasm management as we understand the applicability,
diagnostic accuracy, and cost-benefit analysis of innovative
techniques.
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