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Abstract. - OBJECTIVE: The purpose of this
review is to present the latest innovations and
current topics in musculoskeletal diagnosis and
interventional imaging, with a focus on degener-
ative and inflammatory diseases.

MATERIALS AND METHODS: In this study,
the search was conducted through the online
databases PubMed and Google Scholar, includ-
ing articles published in English in the past 15
years, in order to find existing studies, clinical
cases, and reviews on the latest innovations and
current topics in degenerative and inflammatory
musculoskeletal pathologies.

RESULTS: Imaging plays a pivotal role in the
diagnosis and treatment of MSK degenerative
and inflammatory disease. In the last few years
continuous innovations and technological ad-
vances have allowed new clinical applications
in the management of MSK disorder. Advanced
magnetic resonance techniques, the introduc-
tion of fusion imaging techniques and new ap-
proaches to infiltrative medicine are revolution-
izing the clinical and therapeutic approach to
degenerative and inflammatory pathologies. Ar-
tificial intelligence also increasingly seeks to be
applied in all fields of medicine and radiology
with increasingly promising results.

CONCLUSIONS: Imaging modalities undergo
continuous innovations and revolutions due to
technological advances, with direct repercus-

sions on clinical applications and new thera-
peutic potential through interventional radiolo-
gy techniques. In recent years, there have been
particular innovations in the context of musculo-
skeletal imaging of degenerative and inflammato-
ry diseases, both for diagnosis and intervention.
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Introduction

In musculoskeletal medicine, multimodal im-
aging is a fundamental step in the diagnosis
and treatment of many pathologies, including
traumatic, degenerative, inflammatory and tu-
moral pathologies''?. Imaging methods undergo
continuous innovations and revolutions thanks to
technological advances, with direct repercussions
on clinical applications, thanks the introduction
of new semiological features, the extension of
diagnostic questions, increased diagnostic per-
formance, and new therapeutic potential through
interventional radiology techniques'>2°.
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In recent years, there have been particular
innovations in the context of degenerative and
inflammatory pathologies, both from the point of
view of the diagnosis - especially for the imple-
mentation of advanced magnetic resonance tech-
niques - and from the therapeutic point of view,
for the introduction of fusion imaging techniques
and new approaches to infiltrative medicine?.
Furthermore, artificial intelligence is expanding,
seeking application in all these fields**?*. The
purpose of this review is to present the latest
innovations and hot topics in musculoskeletal
diagnostic and interventional imaging, with a
particular focus on degenerative and inflamma-
tory pathologies.

Materials and Methods

In this narrative review, data collection was
performed through a search of the online PubMed
and Google Scholar databases. We included arti-
cles published in English in the past 15 years, in
order to find existing studies, clinical cases, and
reviews on the latest innovations and current
topics in degenerative and inflammatory muscu-
loskeletal pathologies.

Magnetic Resonance Imaging
Biomarkers in Osteoarthritis

In recent years, technological improvements
have allowed imaging modalities to become in-
creasingly essential to achieving early and ac-
curate diagnoses in the field of rheumatic and
musculoskeletal diseases®*°.

The pathological process of osteoarthritis af-
fects various joint structures, but the degener-
ation of the articular cartilage represents the
“primum movens” in the pathogenic phases of the
disease. Imaging plays an important role in the
diagnosis of degenerative joint diseases, classifi-
cation of severity, surveillance of progression and
prediction of disease prognosis®’.

Magnetic resonance imaging (MRI), due to
its excellent soft tissue contrast resolution, is
the preferred imaging tool for the evaluation of
different diseases affecting the musculoskeletal
system, both for diagnostic and interventional
purposes®*32. In the last years, several advanced
MR imaging sequences and techniques were de-
veloped to provide a global, sensitive and specific
assessment of the joint degenerative processes
with semiquantitative, quantitative and composi-
tional analysis methods®.

Semi-quantitative MRI scoring systems are
based on the global morphological evaluation of
pathological changes that affect the functional
and structural integrity of joints and determine
the severity of the disease®. These scoring sys-
tems are used with standard morphological MR
sequences, especially T2 and Proton Density
(PD) fat-saturated sequences.

Quantitative evaluation with MRI provides
a more sensitive and specific assessment of the
degree of cartilaginous degeneration and is supe-
rior to semi-quantitative techniques for assessing
structural changes®-,

MR imaging techniques are based on the
modification of one or more cartilaginous ultra-
structural components (e.g., glycosaminoglycans
— GAG, proteoglycans — PG)*’. These techniques
include the measurement of relaxation times (T2
and T1rho mapping), the sodium imaging, the de-
layed gadolinium enhancement MRI of cartilage
(dGEMRIC) imaging, the chemical exchange sat-
uration transfer imaging of GAG (gagCEST)
imaging and the diffusion imaging (diffusion
weighted imaging — DWI and diffusion tensor
imaging — DTT)***'.

T2 and Tl1p Mapping

These sequences measure the T1 and T2 re-
laxation times (expressed in ms) of the mole-
cules present at the tissue level®?. T2 relaxation
times mainly depend on the collagen content of
the extracellular matrix and the orientation of
collagen fibers, and higher relaxation times are
correlated with an increase in the deterioration
of the cartilage matrix®*. The relaxation time of
T2 is measured as a function of the signal mea-
sured in multi-echo spin echo (SE) and fast spin
echo (FSE); T2-weighted images with mono or
multi-exponential decay curve at the different
echo times (TE)*. Tlp mapping is a composi-
tional technique sensitive to regional changes in
cartilage matrix proteoglycans characterized by a
continuous resonance radiofrequency (RF) pulse.
Both Tlp and T2 mapping can be assessed both
qualitatively with colorimetric scale and quanti-
tatively by the positioning of regions of interest
(ROIs).

Ultra-short time echo (UTE) T1 and T2 map-
ping sequences can be used to analyze tissues
with low intrinsic relaxation time, such as me-
nisci, tendons, deep layers of cartilage, and deep
cartilage areas where non-UTE imaging are not
sensitive enough?®® (Figure 1).
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Figure 1. T2 mapping applications in musculoskeletal medicine: beyond the clinically validated application for the evaluation
of articular cartilage (a), T2 mapping sequences can be used to assed degenerative changes at the level of tendons (b), and

intervertebral disc (c).

Diffusion-Weighted Imaging (DWI)

Similar to other compositional sequences, dif-
fusion and tensor parameters correlate with the
collagen and proteoglycan content within the
cartilage matrix and can be used as quantitative
markers of cartilage degeneration®.

Delayed Gadolinium Enhancement MRI
of Cartilage ([dGEMRIC)

Gadolinium is negatively charged and is re-
jected by positively charged GAGs in cartilage,
while in the case of cartilage matrix degradation,
the amount of contrast in cartilage tissue will be
increased in an inversely related manner. The
dGEMRIC technique shows high sensitivity and
specificity®**®.

Chemical Exchange Saturation Transfer
Imaging of GAG (gagCEST)

This sequence is based on the constant transfer
of labile protons between solutes (in the case of
cartilage, GAGs) and water. The proton transfer
between water molecules and the one between
water and GAG are different, and the difference
between water-water transfer and water-GAG
transfer is measured as the magnetic transfer ra-

tio. The signal obtained from the energy transfer
after radiofrequency proton saturation is pro-
portional to the concentration of GAG in the
tissue?’4647,

Dual-Energy and Spectral CT

The concept of spectral imaging, or dual-en-
ergy computed tomography (DECT), is an old
one, described by Godfrey Hounsfield*® in one
of the first descriptions of CT in 1973%. The
first applications of DECT to the musculoskele-
tal system date back to the late 1970s and early
1980s°%%!. However, for the first commercializa-
tion of a dual-source CT we had to wait until
2006%.

The use of two X-ray tubes with different ener-
gy levels makes it possible to extract information
and characterizes the chemical composition of
material, based on the different degrees of X-ray
beam, absorption and attenuation, according to
the atomic weight electron density of the com-
pounds®*. The ability of dual-energy CT to
provide additional information regarding tissue
composition, artifact reduction, and image opti-
mization offers powerful advantages over con-
ventional CT>¢-%,
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DECT has many applications in MSK imaging,
especially regarding degenerative and inflamma-
tory diseases; gout is one of the most studied dis-
eases and on which numerous papers have been
published, but DECT has also shown a potential
role in the evaluation of other types of inflamma-
tory arthritis, including septic, rheumatoid, and
psoriatic arthritis.

The evaluation of gout is the most common
and the most validated application of DECT
in musculoskeletal imaging. The non-invasive
nature of DECT makes it a promising tool in
the workup of atypical presentations of gout and
tracking of treatment success by quantitative
volumetric measurements®®'. DECT is able to
separate different materials, such as calcium,
a high molecular weight compound, from uric
acid, a low molecular weight compound, as well
as cortical bone from trabecular bone. The ma-
terials are then color-coded and superimposed
onto standard DECT images at a multimodality
workstation, where multiplanar and three-di-
mensional volume rendering reformations may
be produced and viewed 360° around any axis
to best depict the MSU deposits®. DECT is an
alternative modality for diagnosing gout, show-
ing MSU crystals with a sensitivity of 78-100%
and specificity of 89-100%°%, and nearly per-
fect interobserver agreement®. A positive DECT
scan with articular or periarticular urate crystals
is now part of the 2015 American College of
Radiology (ACR) and European League Against
Rheumatism (EULAR) classification criteria for
gout®. DECT can be used for diagnosing pseud-
ogout, because it reveals the presence of calcium
and absence of MSU crystals®. The sensitivity
of DECT in detecting pseudogout is lower than
that for the detection of gout, but higher than
that for radiographs (77.8% vs. 44.4%), although
specificity is similar to that of conventional radi-
ography (93.7% vs. 100%)%”. DECT has a poten-
tial tool for assessing other types of inflamma-
tory arthritis, including septic, rheumatoid, and
psoriatic arthritis®®.

Iodine mapping used with dual-energy com-
puted tomography (DECT) is an innovative im-
age-processing technique for evaluation rheuma-
toid arthritis (RA) and psoriatic arthritis (PsA)
of the small joints of the hands and feet®®. lo-
dine mapping allows visualization of the iodine
contrast distribution that can be displayed, by
means of a color-coding, in areas where there
is an abnormal accumulation of iodine contrast
material, such as at the level of the synovium

and pannus formation in RA and of the fibrocar-
tilaginous entheses (synovio-entheseal complex)
in PsA%7,

Furthermore, CT has the advantage of being
able to detect structural changes due to the direct
representation of the cortical bone and has been
used as the gold standard instead of the histo-
pathological reference®®. This technique allows
to detect key findings of inflammatory lesions
for early diagnosis, monitoring over time and
evaluation of therapeutic effect of inflammatory
arthritis®%,

One of the most outstanding possibilities in
musculoskeletal radiology is the so-called virtual
non-calcium technique (VNCa technique), which
makes it possible for edema to be visualized™.

The DECT VNCa technique was introduced in
2010. Using the absorption profiles of bone min-
eral, yellow marrow, and red marrow over the 2
DECT X-ray spectra, this method allows for cal-
cium subtraction through image postprocessing’?.
VNCa images can be used to evaluate osteitis
in the form of bone marrow edema, correlating
well with MRI (x = 0.8)”". VNCa images had an
excellent diagnostic performance (sensitivity, 87-
93%; specificity, 94-91%; and accuracy, 90-92%)
in the evaluation of the extent of bone marrow
edema in sacroiliitis associated with axial spon-
dylarthritis™. MR imaging remained superior for
the detection of inflammatory lesions; however,
DECT was more able to assess structural changes
(erosion and proliferation), which was significant
as proliferation is a key finding in psoriatic ar-
thritis™.

Artificial Intelligence (Al): from
Quantitative Imaging to Radiomics

There is a growing interest in Al technology in
the musculoskeletal field, as well as for oncologi-
cal evaluation but also for diagnosis of fractures,
osteoporosis, bone age, degenerative and inflam-
matory pathology’32. Using a machine learning
algorithm for imaging can predict the onset of
osteoarthritis in healthy individuals about 3 years
before symptoms or bone damage®®. Quanti-
tative evaluation is based on image acquisition
and ROI segmentation. Afterwards, the machine
allows to extract some characteristics, defined
radiomic information. When applied in degener-
ative or inflammatory musculoskeletal disorders,
these features are the volume and thickness of the
cartilage, the strength of the signal and the bone
structure®. Data obtained through image analy-
sis can be combined with clinical, biological or
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genetic data to better guide the diagnostic-ther-
apeutic approach®!, This is “radiomics”, which
is based on a quantitative analysis of images and
the use of these features for data mining and pat-
tern identification, representing a fundamental
starting point for the development of personal-
ized medicine’™*%. Musculoskeletal ultrasound
and MRI based on Al are useful for evaluating
synovitis and screening cartilage abnormalities®.
Liu et al’’ showed that two-dimensional convolu-
tional neural networks could achieve high sensi-
tivities and specificities of 81 to 88% in automatic
detection of femorotibial cartilage lesions. The
3D convolutional neural networks were also able
to detect meniscus and patellofemoral cartilage
lesions on 3D MRI data sets, with a sensitivity/
specificity of 90/82% and 80/80%, respectively,
compared with clinical experts. The algorithm
could also categorize the severity of lesions with
more than 75% precision®. All these studies
compare the diagnostic capacity of Al algorithms
to expert radiologists, who mostly provide the
closest assessment to the available reality. It is
possible to evaluate synovitis and characterize
patients with proliferative synovial diseases such
as inflammatory arthritis®®. Using Al techniques
to evaluate synovitis scores can reduce discrepan-
cies among observers'”. The staging of synovitis,
as evidenced by the OMERACT-EULAR Syno-
vitis Scoring (OESS) system, is useful in moni-
toring the activity of inflammatory arthritis, par-
ticularly rheumatoid arthritis'*"'*2. Normally, the
assessment of cartilage volume and thickness is
carried out using artificial intelligence technolo-
gy applied to MR. The cartilage evaluation is pri-
marily performed on the knee with Al and based
on thickness segmentation with quantitative car-
tilage measurements and image enhancement®. It
is also possible to carry out this evaluation with
ultrasound, with all the advantages related to the
non - invasiveness and safety of this technique,
but also the limits of the high variability random-
ness of Al models (e.g., different colormaps for
grayscale display, dynamic range, edge enhance-
ments, gamma correction, focal depth).

Ultra-High Frequency Ultrasound
(Uhfus) and Elastography

Ultrasound (US) in musculoskeletal medicine
is a first-line imaging modality, as it is non-in-
vasive, allowing dynamic, real-time examina-
tion!®1%, Tt is very useful in musculoskeletal
radiology for the evaluation of small joints, mus-
cles, tendons, ligaments, bursae, and peripheral
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nerves, as well as being useful for US-guided
procedures'™'?7. Recently, certain technological
developments have brought a good diagnostic
contribution allowing a better ultrasound eval-
uation and characterization of tissues. US of
superficial structures is performed with linear
transducers with frequencies up to 18-20 MHz
and provide an axial resolution of 250-500 pm'®.
Recently, the introduction of ultrahigh frequency
ultrasound (UHFUS) between 30 and 100 MHz
allowed an image resolution of up to 30 um, and
therefore a very fine anatomical detail'®®. Appli-
cations of UHFUS are very helpful in degener-
ative and rheumatic joint diseases. Wang et al'®
demonstrate that UHF probes are very accurate
in detecting early osteoarthritis and identify-
ing the rough interface of the cartilage surface,
echogenicity changes, and cartilage and/or sub-
chondral defects, with sensitivity and specificity
ranges of 91-93% and 83-86%, respectively.

UHFUS is useful for assessing bone ero-
sions, marginal osteophytes, synovitis, as well
as hyaline cartilage and outcomes after different
approaches to cartilage repair''®!"". It also makes
it possible to examine structures that would
otherwise not be possible to examine, such as
small tendons, fingers, pulleys, fascia and reti-
nacles'®>!1? (Figure 2).

The development of UHF probes has higher
costs but facilitates the visualization of normal
and pathological joint structures, thanks to a
width of acoustic windows for the penetration of
the sonographic beam'".

Another major advance in US technology is
ultrasound elastography (USE), which can assess
tissue elasticity in real time'*!". In the field of
MSK radiology, compression elastography (CE)
and shear wave elastography (SWE) are the most
commonly used methods'"®. The principle ex-
ploited in CE is to analyze how the tissue has
a displacement after compression, shown in an
elastogram, usually displayed as a color-coded
image superimposed over the B-mode image'”’.
In this color chart, blue usually indicates hard,
red indicates soft, and green indicates a medium
hard surface'?. SWE is based on a quantitative
measurement of the tissue propagation velocity
distribution of the directional shear wave, pro-
duced by the US pulse. The quantitative measure-
ment can be expressed as shear wave velocity in
meters per second (m/sec) or as tissue elasticity
based on shear modulus calculation in kilopas-
cals (kPa)"'®. Elastography is useful for assessing
tendinopathy and has been shown to be capable
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Figure 2. Evaluation of nail unit and periungual zone using UHFUS. Normal anatomy is visualized in (a). In (b), a case
of ungueal involvement in psoriasis, charachterized by focal hyperechoic involvement of the ventral plate with fusion and
irregularity of the middle and proximal third of the nail plates. There is also an increase in the thickness of the nail bed and

blood flow.

of evaluating hematoma, effusion or tendon rup-
ture, with a significant reduction in stiffness.
This makes elastography especially attractive
when conventional B-Mode cannot differentiate
between healthy and pathological tissues'?. Seo
et al'*? reported that elastography can quantify
the severity of supraspinatus muscle fat atrophy
with excellent precision and inter-observatory
reliability. Furthermore, according to some other
preliminary results'?, elastography was found to
provide a rapid assessment of early osteoarthritis,
making it possible to detect changes in the elas-
ticity of cartilage (Figure 3).

Figure 3. Assessment of supraspinatus tendon tendinoip-
athy using compression elastography. Harder tendon areas
are displayed in red in the color-coded map, softer areas in
blue-green.

Interventional Radiology: from
Regenerative Medicine to
Fusion Imaging

In degenerative musculoskeletal disorders,
namely osteoarthritis, various treatments can
be used, oral pharmacological therapy, intra-ar-
ticular injections, nerve ablation or modulation,
minimally invasive arthroscopic treatment and
partial or total knee arthroplasty'**'**. Among
image-guided intra-articular injections, in the
current practice, local corticosteroids, hyal-
uronic acid derivatives, platelet-rich plasma
(PRP) and stem cells are mainly used. For their
anti-inflammatory and immunosuppressive ef-
fects, intra-articular corticosteroids are recom-
mended by treatment guidelines and widely
used in knee osteoarthritis. The mechanism
underlying the anti-inflammatory efficacy of
corticosteroid is multifactorial, but generally
involves blocking antigen opsonization, leu-
kocytic cell adhesion, and cytokine diapedesis
within the capillary endothelium. They have act
on nuclear steroid receptors and interrupt the
inflammatory-immune cascade, provide short-
term moderate pain relief for up to 3-4 weeks
post intra-articular injection. Corticosteroid
preparations commonly used in interventional
radiology are derived from prednisolone. It is
possible to distinguish between hydrocortisone,
which is used in periarticular treatment for its
short duration of action, and the long action
corticosteroids like triamcinolone or very long
action like betamethasone. Intra-articular corti-
costeroid injections, especially when repeated,
can be related to rare adverse effects compris-
ing joint infection, tendinopathy, local nerve
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damage, skin atrophy, osteoporosis, increased
cartilage loss and hyperglycemia, while acute
complications of the technique are rare.

Hyaluronic acid (HA) acts as a joint lubricant
and shock absorber, improving joint elasticity
and viscosity, and it also provides nutrients to the
cartilage. The primary mechanism of action is
the restoration of the lubrication of the joint but
although the residence time of HA inside the joint
approximates 2-3 days, the effects are sustained
for several weeks after HA injection.

HA binds to alloy proteins, hyaladherins, in-
cluding CD44 for chondrocytes, which allows
modulation of collagen by inhibiting matrix
metalloproteinases (MMPs). It acts on the extra-
cellular matrix, reducing its degeneration; it also
reduces inflammation by decreasing prostaglan-
din (PGE2) in the synovial fluid.

HA appears effective in the treatment of ar-
thritic pain; cross-linked products have better
pain relief than linear HA. Its use is recom-
mended for the management of osteoarthritis as
a second-line treatment in symptomatic patients
following conservative therapy (NSAID).

Intra-articular injection of HA (especially
agents of high molecular weight) is widely
used and recommended in the management
of patients with knee osteoarthritis with mild
to moderate clinically and radiologically con-
firmed disease who either had not received
other therapies or in whom non-pharmacologic
or pharmacologic therapies had failed or had a
limited response.

Another product of regenerative medicine,
platelet-rich plasma (PRP), is plasma with sig-
nificantly higher platelet concentrations, together
with its associated growth factors, relative to
physiological plasma'?’. The platelet concentra-
tion in the PRP solution is typically 4 to 6 times
the patient’s baseline concentration'?®.

Due to its regenerative and anti-inflammato-
ry effects, PRP has been used for intraarticular
therapy of mild to moderate osteoarthritis of the
knee with favorable results. Like other regenera-
tive medicine products, PRP has recently become
known as a novel and potentially effective treat-
ment option for osteoarthritis of the knee.

Recently, three meta-analyses have been pub-
lished to support the efficacy of PRP in treating
osteoarthritis of the knee. Chang et al'*’, analyzed
16 studies involving 1,543 patients and found that
PRP was superior to HA with respect to pain con-
trol. The beneficial effects of PRP could last up
to 1 year and were more pronounced in patients
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with mild osteoarthritis. Steroids were shown to
be effective only for one month and HA for two
months.

One of the most recent products of regenera-
tive medicine is mesenchymal/stromal stem cells
(MSCs), used in the treatment of osteoarthritis'’.
Traditionally, mesenchymal stem cells are derived
from autologous iliac crest samples but have been
shown to be also isolated from adult (skeletal
muscle, synovium, adipose tissue) and embryon-
ic (umbilical cord) sources™'. Mesenchymal stem
cells have robust anti-inflammatory properties in
that they express IL-1 Ra and can compete directly
with resident macrophages of the joint space by
secreting pro-inflammatory cytokines'*'%.

Recent models have demonstrated that certain
growth factors, such as TGF-beta and IGF-1, can
promote further remodeling of the diseased joint.
The remodulation of the joints is possible thanks
to the generation of natural joint environmental
components of type Il collagen, decorin, chon-
droadherin, cartilage oligomeric matrix protein,
fibromodulin, aggrecan link protein, and other
proteoglycans.

Ultrasound guidance in the treatment of muscu-
loskeletal pathologies has always been indispens-
able to make treatment in interventional radiology
accurate and safe. Fusion techniques have been
recently introduced, allowing to correlate volumes
and images acquired with different techniques,
such as CT or MRI, in order to combine the spatial
resolution of the latter with the ultrasound image,
which is essential for its ease of use and feedback
in real time. The main benefit of US is the expan-
sion of clinical examination in real time, while the
main benefit of MRI is the ability to visualize an
intraosseous abnormality**'**. MRI image fusion
is obtained using a navigation and positioning
system that allows accurate localization of the US
transducer in space with the aid of an external
magnetic field generator, which is usually located
close to the patient. The MR imaging sequence
used in the fusion is selected by the radiologist
based on the most favorable anatomic depiction
of the area of interest, such as isotropic 3D for
perineural injection or postcontrast sequences for
detection of viable tumor for biopsy in a heteroge-
neous soft tissue mass'*®13 (Figure 4).

The fusion technique MR imaging-US has
already been tested in a few different procedures
involving the musculoskeletal system, particu-
larly in guided biopsies and sacroiliac injections;
however, the main applications of this method
remain to be established'*'*.



Hot topics and updates in MSK imaging

Figure 4. Fusion MRI-US image-guided lumbar spine injection. In (a), the bony landmark of the spinou process is visualizaed
to register the needle; in (b), the MRI images are superimposed and the needle trajectory (white line) is displayed.

Conclusions

Imaging plays a pivotal role in the diagno-
sis and treatment of MSK degenerative and in-
flammatory disease. In the last few years con-
tinuous innovations and technological advances
have allowed new clinical applications in the
management of MSK disorder. Advanced mag-
netic resonance techniques, the introduction of
fusion imaging techniques and new approaches
to infiltrative medicine are revolutionizing the
clinical and therapeutic approach to degenerative
and inflammatory pathologies. Artificial intelli-
gence also increasingly seeks to be applied in all
fields of medicine and radiology with increasing-
ly promising results.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Informed Consent
Not applicable.

Ethics Approval
Not applicable.

Funding
This research received no external funding.

Authors’ Contribution

Conceptualization; FB; Methodology: PP, FA; Data Curation:
FB, Writing - Original Draft; RM, AM, GB, MPR, IS
Writing - Review & Editing: CG, RF; Supervision: EDC, AS;
Project administration: AB, CM; Financial support: RG, VM.

Data Availability Statement
Not applicable.

ORCID ID

Francesco Arrigoni: 0000-0001-7793-1872; Pierpaolo Pa-
lumbo: 0000-0003-1514-0092; Federico Bruno: 0000-0002-
1444-2585; Vincenza Granata: 0000-0002-6601-3221; Ro-
berta Fusco: 0000-0002-0469-9969; Alessandra Splendi-
ani: 0000-0002-2188-3506; Ernesto Di Cesare: 0000-0002-
0995-3081; Roberto Grassi: 0000-0002-3587-474X; Vitto-
rio Miele: 0000-0002-7848-1567; Carlo Masciocchi: 0000-
0001-5713-0875; Antonio Barile: 0000-0003-0253-3583.

References

1) Becares-Martinez C, Lopez-Llames A, Martin-Pa-
gan A, Cores-Prieto AE, Arroyo-Domingo M, Mar-
co-Algarra J,Morales-Suarez-Varela M. Cervical
spine radiographs in patients with vertigo and diz-
ziness. Radiol Med 2020; 125: 272-279.

2) Knott LE, Fonseca-Martinez BA, O’Connor AM,
Goodrich LR, Mcllwraith CW, Colbath AC. Cur-
rent use of biologic therapies for musculoskeletal
disease: A survey of board-certified equine spe-
cialists. Vet Surg. 2022; 51: 557-567.



R. Monti, A. Martinese, G. Bonadonna, M.P. Rocco, I. Simonetti, et al.

5)

10)

11)

12)

13)

14)

Poggetti A. Analyses of fracture line distribution in
intra-articular distal radius fractures: future direc-
tions. Radiol Med 2020; 125: 604.

Chiarilli MG, Delli Pizzi A, Mastrodicasa D, Febo
MP, Cardinali B, Consorte B, Cifaratti A, Panara
V, Caulo M,Cannataro G. Bone marrow magnet-
ic resonance imaging: physiologic and pathologic
findings that radiologist should know. Radiol Med
2021; 126: 264-276.

Lullini G, Belvedere C, Busacca M, Moio A,
Leardini A, Caravelli S, Maccaferri B, Durante S,
Zaffagnini S,Marcheggiani Muccioli GM. Weight
bearing versus conventional CT for the mea-
surement of patellar alignment and stability in
patients after surgical treatment for patellar re-
current dislocation. Radiol Med 2021; 126: 869-
877.

Cereser L, Zancan G, Giovannini I, Ciccio C, Ti-
nazzi |, Variola A, Bramuzzo M, Murru FM, Mari-
no M, Tullio A, De Vita S, Girometti R, Zabotti A.
Asymptomatic sacroiliitis detected by magnetic
resonance enterography in patients with Crohn’s
disease: prevalence, association with clinical da-
ta, and reliability among radiologists in a multi-
center study of adult and pediatric population.
Clin Rheumatol. 2022; Epub ahead of print.

Akkoc RF, Aksu F, Emre E, Sap O, Karatas A,
Aydin S, Kavakli A, Ogeturk M. The morphology
of fabella and its prevalence in Turkish society.
Eur Rev Med Pharmacol Sci 2022; 26: 1164-1169.

Huang M, Li Y, Li H, Luo X, Xu H, Liao C. Correla-
tion between knee anatomical angles and anteri-
or cruciate ligament injury in males. Radiol Med
2021; 126: 1201-1206.

Sun G, Zhang YX, Liu F, Tu N. Whole-body mag-
netic resonance imaging is superior to skeletal
scintigraphy for the detection of bone metastatic
tumors: a meta-analysis. Eur Rev Med Pharmacol
Sci 2020; 24: 7240-7252.

Albano D, Cortese MC, Duarte A, Messina C, Git-
to S, Vicentin I, Coppola A, Galia M, Sconfienza
LM. Predictive role of ankle MRI for tendon graft
choice and surgical reconstruction. Radiol Med
2020; 125: 763-769.

Kho J, Azzopardi C, Davies AM, James SL, Bot-
chu R. Direct MR arthrography of the shoulder:
current practice in the UK. Radiol Med 2020; 125:
605-608.

Safran MR, Foard SJ, Robell K, Pullen WM. In-
cidence of Symptomatic Femoroacetabular Im-
pingement: A 4-Year Study at a National Collegiate
Athletic Association Division | Institution. Orthop
J Sports Med 2022; 10: 23259671221084979.

Arrigoni F, Bruno F, Gianneramo C, Palumbo P,
Zugaro L, Zoccali C, Barile A, Masciocchi C. Evo-
lution of the imaging features of osteoid osteoma
treated with RFA or MRgFUS during a long-term
follow-up: a pictorial review with clinical correla-
tions. Radiol Med 2020; 125: 578-584.

Gitto S, Messina C, Chianca V, Tuscano B, Laz-
zara A, Corazza A, Pedone L, Albano D, Scon-

6966

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

fienza LM. Superb microvascular imaging (SMI)
in the evaluation of musculoskeletal disorders: a
systematic review. Radiol Med 2020; 125: 481-
490.

Barile A, Arrigoni F, Zugaro L, Zappia M, Cazzato
RL, Garnon J, Ramamurthy N, Brunese L, Gan-
gi A, Masciocchi C. Minimally invasive treatments
of painful bone lesions: state of the art. Med On-
col 2017; 34: 53.

Leone A, Vitiello C, Gulli C, Sikora AK, Macagni-
no S, Colosimo C. Bone and soft tissue infections
in patients with diabetic foot. Radiol Med 2020;
125: 177-187.

Messina C, Bignone R, Bruno A, Bruno A, Bruno
F, Calandri M, Caruso D, Coppolino P, Robertis R,
Gentili F, Grazzini |, Natella R, Scalise P, Barile A,
Grassi R, Albano D. Diffusion-Weighted Imaging
in Oncology: An Update. Cancers (Basel) 2020;
12: 1493.

Ogura A, Sotome H, Asai A, Fuju A. Evaluation
of capillary blood volume in the lower limb mus-
cles after exercise by intravoxel incoherent mo-
tion. Radiol Med 2020; 125: 474-480.

Albano D, Coppola A, Gitto S, Rapisarda S, Mes-
sina C, Sconfienza LM. Imaging of calcific tend-
inopathy around the shoulder: usual and unusu-
al presentations and common pitfalls. Radiol Med
2021; 126: 608-619.

Piras A, La Vecchia M, Boldrini L, D’Aviero A,
Galanti D, Guarini A, Sanfratello A, Venuti V, An-
gileri T, Daidone A. Radiofrequency thermoabla-
tion (RFA) and radiotherapy (RT) combined treat-
ment for bone metastases: a systematic review.
Eur Rev Med Pharmacol Sci 2021; 25: 3647-
3654.

Ahlawat S, Paik J, Del Grande F, Paris ES, Sujla-
na P, Fayad LM. Distinct MR features in sclero-
derma associated myopathy. Radiol Med 2021;
126: 707-716.

Belfiore MP, Urraro F, Grassi R, Giacobbe G, Pa-
telli G, Cappabianca S, Reginelli A. Artificial in-
telligence to codify lung CT in Covid-19 patients.
Radiol Med 2020; 125: 500-504.

Neri E, Coppola F, Miele V, Bibbolino C, Grassi R.
Artificial intelligence: Who is responsible for the
diagnosis? Radiol Med 2020; 125: 517-521.

Gurgitano M, Angileri SA, Roda GM, Liguori A,
Pandolfi M, Lerardi AM, Wood BJ, Carrafiello
G. Interventional Radiology ex-machina: impact
of Artificial Intelligence on practice. Radiol Med
2021; 126: 998-1006.

Albano D, Martinelli N, Bianchi A, Messina C,
Malerba F, Sconfienza LM. Clinical and imag-
ing outcome of osteochondral lesions of the
talus treated using autologous matrix-induced
chondrogenesis technique with a biomimetic
scaffold. BMC Musculoskelet Disord 2017; 18:
306.

Kawaguchi M, Kato H, Nagasawa T, Kaneko Y,
Taguchi K, lkeda T, Morita H, Miyazaki T, Mat-
suo M. MR imaging findings of musculoskeletal



Hot topics and updates in MSK imaging

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

involvement in microscopic polyangiitis: a com-
parison with inflammatory myopathy. Radiol Med
2021; 126: 1601-1608.

Bruno F, Arrigoni F, Palumbo P, Natella R, Mag-
gialetti N, Reginelli A, Splendiani A, Di Cesare E,
Brunese L, Guglielmi G, Giovagnoni A, Mascioc-
chi C, Barile A. New advances in MRI diagnosis
of degenerative osteoarthropathy of the peripher-
al joints. Radiol Med 2019; 124: 1121-1127.

Arrigoni F, Barile A, Zugaro L, Splendiani A, Di
Cesare E, Caranci F, lerardi AM, Floridi C, An-
gileri AS, Reginelli A, Brunese L, Masciocchi
C. Intra-articular benign bone lesions treated
with Magnetic Resonance-guided Focused Ultra-
sound (MRgFUS): imaging follow-up and clinical
results. Med Oncol 2017; 34: 55.

Barile A, Bruno F, Arrigoni F, Splendiani A, Di
Cesare E, Zappia M, Guglielmi G, Masciocchi C.
Emergency and Trauma of the Ankle. Semin Mus-
culoskelet Radiol 2017; 21: 282-289.

Arrigoni F, Bruno F, Zugaro L, Natella R, Cappabi-
anca S, Russo U, Papapietro VR, Splendiani A, Di
Cesare E, Masciocchi C, Barile A. Developments in
the management of bone metastases with interven-
tional radiology. Acta Biomed 2018; 89: 166-174.

Ricatti G, Veronese N, Gangai |, Paparella M,
Testini V, Guglielmi G. Hoffa’s fat pad thickness: a
measurement method with sagittal MRI sequenc-
es. Radiol Med 2021; 126: 886-893.

Salaffi F, Ceccarelli L, Carotti M, Di Carlo M, Po-
lonara G, Facchini G, Golfieri R, Giovagnoni A.
Differentiation between infectious spondylodis-
citis versus inflammatory or degenerative spinal
changes: How can magnetic resonance imaging
help the clinician? Radiol Med 2021; 126: 843-
859.

Oei EHG, Wick MC, Muller-Lutz A, Schleich C,
Miese FR. Cartilage Imaging: Techniques and
Developments. Semin Musculoskelet Radiol
2018; 22: 245-260.

Hunter DJ. Advanced imaging in osteoarthritis.
Bull NYU Hosp Jt Dis 2008; 66: 251-260.

Kijowski R, Chaudhary R. Quantitative magnetic
resonance imaging of the articular cartilage of the
knee joint. Magn Reson Imaging Clin N Am 2014;
22: 649-669.

Li X, Majumdar S. Quantitative MRI of articu-
lar cartilage and its clinical applications. J Magn
Reson Imaging 2013; 38: 991-1008.

Crema MD, Roemer FW, Marra MD, Burstein D,
Gold GE, Eckstein F, Baum T, Mosher TJ, Carrino
JA, Guermazi A. Articular cartilage in the knee:
current MR imaging techniques and applications
in clinical practice and research. Radiographics
2011; 31: 37-61.

Matzat SJ, van Tiel J, Gold GE, Oei EH. Quan-
titative MRI techniques of cartilage composition.
Quant Imaging Med Surg 2013; 3: 162-174.

Link TM, Neumann J, Li X. Prestructural cartilage
assessment using MRI. J Magn Reson Imaging
2017; 45: 949-965.

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

Lang P, Noorbakhsh F, Yoshioka H. MR imaging
of articular cartilage: current state and recent de-
velopments. Radiol Clin North Am 2005; 43: 629-
639, vii.

MacKay JW, Low SBL, Smith TO, Toms AP, Mc-
Caskie AW, Gilbert FJ. Systematic review and
meta-analysis of the reliability and discriminative
validity of cartilage compositional MRI in knee
osteoarthritis. Osteoarthritis Cartilage 2018; 26:
1140-1152.

Bellisari FC, De Marino L, Arrigoni F, Mariani S,
Bruno F, Palumbo P, De Cataldo C, Sgalambro F,
Catallo N, Zugaro L, Di Cesare E, Splendiani A,
Masciocchi C, Giovagnoni A, Barile A. T2-map-
ping MRI evaluation of patellofemoral cartilage in
patients submitted to intra-articular platelet-rich
plasma (PRP) injections. Radiol Med 2021; 126:
1085-1094.

Chianca V, Albano D, Cuocolo R, Messina C, Git-
to S, Brunetti A, Sconfienza LM. T2 mapping of
the trapeziometacarpal joint and triangular fibro-
cartilage complex: a feasibility and reproducibility
study at 1.5 T. Radiol Med 2020; 125: 306-312.

Xu J, Xie G, Di Y, Bai M, Zhao X. Value of
T2-mapping and DWI in the diagnosis of early
knee cartilage injury. J Radiol Case Rep 2011; 5:
13-18.

Guermazi A, Alizai H, Crema MD, Trattnig S, Re-
gatte RR, Roemer FW. Compositional MRI tech-
niques for evaluation of cartilage degeneration in
osteoarthritis. Osteoarthritis Cartilage 2015; 23:
1639-1653.

Soellner ST, Welsch GH, Gelse K, Goldmann A,
Kleyer A, Schett G, Pachowsky ML. gagCEST im-
aging at 3 T MRI in patients with articular carti-
lage lesions of the knee and intraoperative valida-
tion. Osteoarthritis Cartilage 2021; 29: 1163-1172.

Brinkhof S, Nizak R, Sim S, Khlebnikov V, Quen-
neville E, Garon M, Klomp DWJ, Saris D. In vi-
vo biochemical assessment of cartilage with gag-
CEST MRI: Correlation with cartilage properties.
NMR Biomed 2021; 34: e4463.

Hounsfield GN. Computerized transverse axial
scanning (tomography): Part I. Description of sys-
tem. 1973. Br J Radiol 1995; 68: H166-172.

Bottari A, Silipigni S, Carerj ML, Cattafi A,
Maimone S, Marino MA, Mazziotti S, Pitrone A,
Squadrito G, Ascenti G. Dual-source dual-ener-
gy CT in the evaluation of hepatic fractional extra-
cellular space in cirrhosis. Radiol Med 2020; 125:
7-14.

Genant HK, Boyd D. Quantitative bone mineral
analysis using dual energy computed tomogra-
phy. Invest Radiol 1977; 12: 545-551.

Carotti M, Salaffi F, Beci G, Giovagnoni A. The
application of dual-energy computed tomography
in the diagnosis of musculoskeletal disorders: a
review of current concepts and applications. Ra-
diol Med 2019; 124: 1175-1183.

Flohr TG, McCollough CH, Bruder H, Petersilka
M, Gruber K, Suss C, Grasruck M, Stierstorfer

6967



R. Monti, A. Martinese, G. Bonadonna, M.P. Rocco, I. Simonetti, et al.

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

K, Krauss B, Raupach R, Primak AN, Kuttner A,
Achenbach S, Becker C, Kopp A, Ohnesorge BM.
First performance evaluation of a dual-source CT
(DSCT) system. Eur Radiol 2006; 16: 256-268.

Johnson TR. Dual-energy CT: general principles.
AJR Am J Roentgenol 2012; 199: S3-8.

Foti G, Mantovani W, Catania M, Avanzi P, Caia
S, Zorzi C, Carbognin G. Evaluation of glenoid
labral tears: comparison between dual-energy CT
arthrography and MR arthrography of the shoul-
der. Radiol Med 2020; 125: 39-47.

Agostini A, Borgheresi A, Carotti M, Ottaviani L,
Badaloni M, Floridi C, Giovagnoni A. Third-gen-
eration iterative reconstruction on a dual-source,
high-pitch, low-dose chest CT protocol with tin fil-
ter for spectral shaping at 100 kV: a study on a
small series of COVID-19 patients. Radiol Med
2021; 126: 388-398.

Mallinson PI, Coupal TM, McLaughlin PD, Nico-
laou S, Munk PL, Ouellette HA. Dual-Energy CT
for the Musculoskeletal System. Radiology 2016;
281: 690-707.

Cicero G, Ascenti G, Albrecht MH, Blandino
A, Cavallaro M, D’Angelo T, Carerj ML, Vogl
TJ, Mazziotti S. Extra-abdominal dual-energy CT
applications: a comprehensive overview. Radiol
Med 2020; 125: 384-397.

Masjedi H, Zare MH, Keshavarz Siahpoush N,
Razavi-Ratki SK, Alavi F, Shabani M. European
trends in radiology: investigating factors affect-
ing the number of examinations and the effective
dose. Radiol Med 2020; 125: 296-305.

Tagliati C, Lanza C, Pieroni G, Amici L, Carotti M,
Giuseppetti GM, Giovagnoni A. Ultra-low-dose
chest CT in adult patients with cystic fibrosis us-
ing a third-generation dual-source CT scanner.
Radiol Med 2021; 126: 544-552.

Desai MA, Peterson JJ, Garner HW, Kransdorf
MJ. Clinical utility of dual-energy CT for evalua-
tion of tophaceous gout. Radiographics 2011; 31:
1365-1375; discussion 1376-1367.

Wong WD, Shah S, Murray N, Walstra F, Khosa
F, Nicolaou S. Advanced Musculoskeletal Appli-
cations of Dual-Energy Computed Tomography.
Radiol Clin North Am 2018; 56: 587-600.

Choi HK, Burns LC, Shojania K, Koenig N, Reid
G, Abufayyah M, Law G, Kydd AS, Ouellette H,
Nicolaou S. Dual energy CT in gout: a prospec-
tive validation study. Ann Rheum Dis 2012; 71:
1466-1471.

Dalbeth N,Choi HK. Dual-energy computed to-
mography for gout diagnosis and management.
Curr Rheumatol Rep 2013; 15: 301.

Glazebrook KN, Guimaraes LS, Murthy NS, Black
DF, Bongartz T, Manek NJ, Leng S, Fletcher JG,
McCollough CH. Identification of intraarticular and
periarticular uric acid crystals with dual-energy CT:
initial evaluation. Radiology 2011; 261: 516-524.

Vargas-Santos AB, Taylor WJ, Neogi T. Gout
Classification Criteria: Update and Implications.
Curr Rheumatol Rep 2016; 18: 46.

6968

66)

67)

68)

69)

70)

71)

72)

73)

74)

75)

76)

77)

78)

79)

Weiss T, Lange S, Gahl G. [Quantitative comput-
erized tomographic bone mineral analysis in pa-
tients treated by regular haemodialysis (author’s
transl)]. Med Klin 1979; 74: 1357-1362.

Tanikawa H, Ogawa R, Okuma K, Harato K, Ni-
ki Y, Kobayashi S, Nagura T. Detection of calcium
pyrophosphate dihydrate crystals in knee menis-
cus by dual-energy computed tomography. J Or-
thop Surg Res 2018; 13: 73.

Fukuda T, Umezawa Y, Asahina A, Nakagawa H,
Furuya K, Fukuda K. Dual energy CT iodine map
for delineating inflammation of inflammatory ar-
thritis. Eur Radiol 2017; 27: 5034-5040.

Ogiwara S, Fukuda T, Kawakami R, Ojiri H, Fuku-
da K. Anatomical analysis of inflammation in hand
psoriatic arthritis by Dual-Energy CT lodine Map.
Eur J Radiol Open 2021; 8: 100383.

Simonetti |, Verde F, Palumbo L, Di Pietto F, Pug-
lia M, Scaglione M, Ragozzino A, Romano S. Du-
al energy computed tomography evaluation of
skeletal traumas. Eur J Radiol 2021; 134: 109456.

Foti G, Mantovani W, Faccioli N, Crivellari G, Ro-
mano L, Zorzi C, Carbognin G. Identification of
bone marrow edema of the knee: diagnostic ac-
curacy of dual-energy CT in comparison with
MRI. Radiol Med 2021; 126: 405-413.

Pache G, Krauss B, Strohm P, Saueressig U,
Blanke P, Bulla S, Schafer O, Helwig P, Kotter
E, Langer M, Baumann T. Dual-energy CT virtu-
al noncalcium technique: detecting posttraumatic
bone marrow lesions--feasibility study. Radiology
2010; 256: 617-624.

Diekhoff T, Scheel M, Hermann S, Mews J, Hamm
B, Hermann KA. Osteitis: a retrospective feasibili-
ty study comparing single-source dual-energy CT
to MRI in selected patients with suspected acute
gout. Skeletal Radiol 2017; 46: 185-190.

Wu H, Zhang G, Shi L, Li X, Chen M, Huang X,
Cao X, Tan S, Cui Y, Liang C. Axial Spondyloar-
thritis: Dual-Energy Virtual Noncalcium CT in the
Detection of Bone Marrow Edema in the Sacroili-
ac Joints. Radiology 2019; 290: 157-164.

Rajiah P, Sundaram M, Subhas N. Dual-Energy CT
in Musculoskeletal Imaging: What Is the Role Beyond
Gout? AJR Am J Roentgenol 2019; 213: 493-505.

Gyftopoulos S, Subhas N. Musculoskeletal Imag-
ing Applications of Atrtificial Intelligence. Semin
Musculoskelet Radiol 2020; 24: 1-2.

Gyftopoulos S, Lin D, Knoll F, Doshi AM, Rodrigues
TC, Recht MP. Artificial Intelligence in Musculoskel-
etal Imaging: Current Status and Future Directions.
AJR Am J Roentgenol 2019; 213: 506-513.

Adela A, Rangarajan L. Computational tech-
niques to segment and classify lumbar compres-
sion fractures. Radiol Med 2020; 125: 551-560.

Jimenez-Pastor A, Alberich-Bayarri A, Fos-Gua-
rinos B, Garcia-Castro F, Garcia-Juan D, Glocker
B, Marti-Bonmati L. Automated vertebrae local-
ization and identification by decision forests and
image-based refinement on real-world CT data.
Radiol Med 2020; 125: 48-56.



Hot topics and updates in MSK imaging

80)

81)

82)

83)

84)

85)

86)

87)

88)

89)

90)

91)

Momeni M, Asadzadeh M, Mowla K, Hanafi MG,
Gharibvand MM, Sahraeizadeh A. Sensitivity
and specificity assessment of DWI and ADC for
the diagnosis of osteoporosis in postmenopaus-
al patients. Radiol Med 2020; 125: 68-74.

Berardo S, Sukhovei L, Andorno S, Carriero A,
Stecco A. Quantitative bone marrow magnetic
resonance imaging through apparent diffusion
coefficient and fat fraction in multiple myeloma
patients. Radiol Med 2021; 126: 445-452.

Coppola F, Faggioni L, Regge D, Giovagnoni A,
Golfieri R, Bibbolino C, Miele V, Neri E, Gras-
si R. Atrtificial intelligence: radiologists’ expec-
tations and opinions gleaned from a nationwide
online survey. Radiol Med 2021; 126: 63-71.

Kundu S, Ashinsky BG, Bouhrara M, Dam EB,
Demehri S, Shifat ERM, Spencer RG, Urish KL,
Rohde GK. Enabling early detection of osteo-
arthritis from presymptomatic cartilage texture
maps via transport-based learning. Proc Natl
Acad Sci U S A 2020; 117: 24709-24719.

Pongsakonpruttikul N, Angthong C, Kittichai
V, Chuwongin S, Puengpipattrakul P, Thong-
pat P, Boonsang S, Tongloy T. Artificial intel-
ligence assistance in radiographic detection
and classification of knee osteoarthritis and its
severity: a cross-sectional diagnostic study.
Eur Rev Med Pharmacol Sci 2022; 26: 1549-
1558.

Bach Cuadra M, Favre J, Omoumi P. Quantifi-
cation in Musculoskeletal Imaging Using Com-
putational Analysis and Machine Learning: Seg-
mentation and Radiomics. Semin Musculoskel-
et Radiol 2020; 24: 50-64.

Chianca V, Albano D, Messina C, Vincenzo G,
Rizzo S, Del Grande F, Sconfienza LM. An up-
date in musculoskeletal tumors: from quantita-
tive imaging to radiomics. Radiol Med 2021; 126:
1095-1105.

Nardone V, Reginelli A, Grassi R, Boldrini L,
Vacca G, D’lppolito E, Annunziata S, Farchione
A, Belfiore MP, Desideri I, Cappabianca S. Del-
ta radiomics: a systematic review. Radiol Med
2021; 126: 1571-1583.

Scapicchio C, Gabelloni M, Barucci A, Cioni D,
Saba L, Neri E. A deep look into radiomics. Ra-
diol Med 2021; 126: 1296-1311.

Moawad AW, Fuentes DT, EIBanan MG, Shal-
aby AS, Guccione J, Kamel S, Jensen CT, El-
sayes KM. Artificial Intelligence in Diagnos-
tic Radiology: Where Do We Stand, Challeng-
es, and Opportunities. J Comput Assist Tomogr
2022; 46: 78-90.

Kim Y, Park JY, Hwang EJ, Lee SM, Park CM.
Applications of artificial intelligence in the tho-
rax: a narrative review focusing on thoracic ra-
diology. J Thorac Dis 2021; 13: 6943-6962.

Mazaheri S, Loya MF, Newsome J, Lungren M,
Gichoya JW. Challenges of Implementing Artifi-
cial Intelligence in Interventional Radiology. Se-
min Intervent Radiol 2021; 38: 554-559.

92)

93)

94)

95)

96)

97)

98)

99)

100)

101)

102)

Rossi F, Bignotti B, Bianchi L, Picasso R, Mar-
tinoli C, Tagliafico AS. Radiomics of peripher-
al nerves MRI in mild carpal and cubital tunnel
syndrome. Radiol Med 2020; 125: 197-203.

Caruso D, Pucciarelli F, Zerunian M, Gane-
shan B, De Santis D, Polici M, Rucci C, Po-
lidori T, Guido G, Bracci B, Benvenga A, Bar-
bato L, Laghi A. Chest CT texture-based radio-
mics analysis in differentiating COVID-19 from
other interstitial pneumonia. Radiol Med 2021;
126: 1415-1424.

Liu J, Wang C, Guo W, Zeng P, Liu Y, Lang N,
Yuan H. A preliminary study using spinal MRI-
based radiomics to predict high-risk cytogenetic
abnormalities in multiple myeloma. Radiol Med
2021; 126: 1226-1235.

Orsatti G, Zucchetta P, Varotto A, Crimi F,
Weber M, Cecchin D, Bisogno G, Spimpo-
lo A, Giraudo C, Stramare R. Volumetric histo-
grams-based analysis of apparent diffusion co-
efficients and standard uptake values for the as-
sessment of pediatric sarcoma at staging: pre-
liminary results of a PET/MRI study. Radiol Med
2021; 126: 878-885.

Kazam JK, Nazarian LN, Miller TT, Sofka CM,
Parker L, Adler RS. Sonographic evaluation of
femoral trochlear cartilage in patients with knee
pain. J Ultrasound Med 2011; 30: 797-802.

Liu F, Zhou Z, Samsonov A, Blankenbaker D,
Larison W, Kanarek A, Lian K, Kambhampati S,
Kijowski R. Deep Learning Approach for Eval-
uating Knee MR Images: Achieving High Diag-
nostic Performance for Cartilage Lesion Detec-
tion. Radiology 2018; 289: 160-169.

Hirschmann A, Cyriac J, Stieltjes B, Kober T,
Richiardi J, Omoumi P. Artificial Intelligence in
Musculoskeletal Imaging: Review of Current Lit-
erature, Challenges, and Trends. Semin Muscu-
loskelet Radiol 2019; 23: 304-311.

Shin Y, Yang J, Lee YH, Kim S. Artificial intel-
ligence in musculoskeletal ultrasound imaging.
Ultrasonography 2021; 40: 30-44.

D’Agostino MA, Maillefert JF, Said-Nahal R,
Breban M, Ravaud P, Dougados M. Detection
of small joint synovitis by ultrasonography: the
learning curve of rheumatologists. Ann Rheum
Dis 2004; 63: 1284-1287.

Terslev L, Naredo E, Aegerter P, Wakefield RJ,
Backhaus M, Balint P, Bruyn GAW, lagnocco
A, Jousse-Joulin S, Schmidt WA, Szkudlarek
M, Conaghan PG, Filippucci E, D’Agostino MA.
Scoring ultrasound synovitis in rheumatoid ar-
thritis: a EULAR-OMERACT ultrasound task-
force-Part 2: reliability and application to mul-
tiple joints of a standardised consensus-based
scoring system. RMD Open 2017; 3: e000427.

D’Agostino MA, Terslev L, Aegerter P, Back-
haus M, Balint P, Bruyn GA, Filippucci E, Grassi
W, lagnocco A, Jousse-Joulin S, Kane D, Nare-
do E, Schmidt W, Szkudlarek M, Conaghan PG,
Wakefield RJ. Scoring ultrasound synovitis in
rheumatoid arthritis: a EULAR-OMERACT ultra-

6969



R. Monti, A. Martinese, G. Bonadonna, M.P. Rocco, I. Simonetti, et al.

103)

104)

105)

106)

107)

108)

109)

110)

111)

112)

sound taskforce-Part 1: definition and develop-
ment of a standardised, consensus-based scor-
ing system. RMD Open 2017; 3: e000428.

Albano D, Aringhieri G, Messina C, De Flavi-
is L,Sconfienza LM. High-Frequency and Ul-
tra-High Frequency Ultrasound: Musculoskele-
tal Imaging up to 70 MHz. Semin Musculoskelet
Radiol 2020; 24: 125-134.

Albano D, Bonifacini C, Zannoni S, Bernareggi
S, Messina C, Galia M, Sconfienza LM. Plantar
forefoot pain: ultrasound findings before and af-
ter treatment with custom-made foot orthoses.
Radiol Med 2021; 126: 963-970.

Sconfienza LM, Albano D, Allen G, Bazzoc-
chi A, Bignotti B, Chianca V, Facal de Castro
F, Drakonaki EE, Gallardo E, Gielen J, Klaus-
er AS, Martinoli C, Mauri G, McNally E, Messi-
na C, Miron Mombiela R, Orlandi D, Plagou A,
Posadzy M, de la Puente R, Reijnierse M, Ros-
si F, Rutkauskas S, Snoj Z, Vucetic J, Wilson
D, Tagliafico AS. Clinical indications for mus-
culoskeletal ultrasound updated in 2017 by Eu-
ropean Society of Musculoskeletal Radiology
(ESSR) consensus. Eur Radiol 2018; 28: 5338-
5351.

Lanza E, Piccoli F, Intrieri C, Muglia R, Poli-
ti LS, Borroni M, Castagna A, Sconfienza LM.
US-guided percutaneous irrigation of calcific
tendinopathy of the rotator cuff in patients with
or without previous external shockwave therapy.
Radiol Med 2021; 126: 117-123.

Ossola C, Curti M, Calvi M, Tack S, Mazzoni S,
Genesio L, Venturini M, Genovese EA. Role of
ultrasound and magnetic resonance imaging in
the prognosis and classification of muscle inju-
ries in professional football players: correlation
between imaging and return to sport time. Radi-
ol Med 2021; 126: 1460-1467.

Izzetti R, Vitali S, Aringhieri G, Nisi M, Oranges
T, Dini V, Ferro F, Baldini C, Romanelli M, Cara-
mella D, Gabriele M. Ultra-High Frequency Ultra-
sound, A Promising Diagnostic Technique: Re-
view of the Literature and Single-Center Experi-
ence. Can Assoc Radiol J 2021; 72: 418-431.
Wang Y, Guo Y, Zhang L, Niu H, Xu M, Zhao B,
Wan W. Ultrasound biomicroscopy for the de-
tection of early osteoarthritis in an animal mod-
el. Acad Radiol 2011; 18: 167-173.

Kang T, Emery P, Wakefield RJ. A brief histo-
ry of ultrasound in rheumatology: where we are
now. Clin Exp Rheumatol 2014; 32: S7-11.

Gelse K, Olk A, Eichhorn S, Swoboda B,
Schoene M, Raum K. Quantitative ultrasound
biomicroscopy for the analysis of healthy and
repair cartilage tissue. Eur Cell Mater 2010; 19:
58-71.

Sconfienza LM, Adriaensen M, Alcala-Galia-
no A, Allen G, Aparisi Gomez MP, Aringhieri
G, Bazzocchi A, Beggs |, Chianca V, Corazza
A, Dalili D, De Dea M, Del Cura JL, Di Pietto F,
Drakonaki E, de Castro FF, Filippiadis D, Gitto
S, Grainger AJ, Greenwood S, Gupta H, Isaac

113)

114)

115)

116)

117)

118)

119)

120)

121)

122)

A, Ivanoski S, Khanna M, Klauser A, Mansour
R, Martin S, Mascarenhas V, Mauri G, McCar-
thy C, McKean D, McNally E, Melaki K, Messi-
na C, Mombiela RM, Moutinho R, Obradov M,
Olchowy C, Orlandi D, Gonzalez RP, Prakash
M, Posadzy M, Rutkauskas S, Snoj Z, Tagliafi-
co AS, Talaska A, Tomas X, Nikodinovska VV,
Vucetic J, Wilson D, Zaottini F, Zappia M, Alba-
no D. Clinical indications for image-guided in-
terventional procedures in the musculoskeletal
system: a Delphi-based consensus paper from
the European Society of Musculoskeletal Ra-
diology (ESSR)-part IV, hip. Eur Radiol. 2022;
32: 551-560.

lagnocco A. Imaging the joint in osteoarthritis: a
place for ultrasound? Best Pract Res Clin Rheu-
matol 2010; 24: 27-38.

Argalia G, Tarantino G, Ventura C, Campioni
D, Tagliati C, Guardati P, Kostandini A, Marzi-
oni M, Giuseppetti GM, Giovagnoni A. Shear
wave elastography and transient elastography
in HCV patients after direct-acting antivirals. Ra-
diol Med 2021; 126: 894-899.

Sezgin G, Coskun M, Apaydin M, Akder Sari A.
The role of rare breast cancers in the false neg-
ative strain elastography results. Radiol Med
2021; 126: 349-355.

Cildag MB, Gok M, Abdullayev O. Pre-proce-
dural shear wave elastography on prediction of
hemorrhage after percutaneous real-time ultra-
sound-guided renal biopsy. Radiol Med 2020;
125: 784-789.

Burulday V, Celebi UO, Ogden M, Akgul MH,
Dogan A, Ozveren MF. Preoperative and post-
operative ultrasound elastography findings of
the sciatic nerve in patients with unilateral lum-
bar foraminal disc herniation: a pre-test and
post-test design. Eur Rev Med Pharmacol Sci
2022; 26: 1923-1929.

Snoj Z, Wu CH, Taljanovic MS, Dumic-Cule |,
Drakonaki EE, Klauser AS. Ultrasound Elastog-
raphy in Musculoskeletal Radiology: Past, Pres-
ent, and Future. Semin Musculoskelet Radiol
2020; 24: 156-166.

Klauser AS, Miyamoto H, Bellmann-Weiler R,
Feuchtner GM, Wick MC, Jaschke WR. Sono-
elastography: musculoskeletal applications. Ra-
diology 2014; 272: 622-633.

Balaban M, Cilengir AH, Idilman IS. Evaluation
of Tendon Disorders With Ultrasonography and
Elastography. J Ultrasound Med 2021; 40: 1267-
1286.

Prado-Costa R, Rebelo J, Monteiro-Barroso J,
Preto AS. Ultrasound elastography: compres-
sion elastography and shear-wave elastography
in the assessment of tendon injury. Insights Im-
aging 2018; 9: 791-814.

Seo JB, Yoo JS, Ryu JW. The accuracy of sono-
elastography in fatty degeneration of the supra-
spinatus: a comparison of magnetic resonance
imaging and conventional ultrasonography. J Ul-
trasound 2014; 17: 279-285.



Hot topics and updates in MSK imaging

123)

124)

125)

126)

127)

128)

129)

130)

131)

Xu H, Chen S, An KN, Luo ZP. Near field effect
on elasticity measurement for cartilage-bone
structure using Lamb wave method. Biomed
Eng Online 2017; 16: 123.

Filippiadis D, Velonakis G, Mazioti A, Konstan-
tos C, Brountzos E, Kelekis N, Kelekis A. In-
tra-articular application of pulsed radiofrequen-
cy combined with viscosupplementation for im-
provement of knee osteoarthritis symptoms: a
single centre prospective study. Int J Hyperther-
mia 2018; 34: 1265-1269.

de Rooij M, van der Leeden M, Cheung J, van
der Esch M, Hakkinen A, Haverkamp D, Roorda
LD, Twisk J, Vollebregt J, Lems WF, Dekker J.
Efficacy of Tailored Exercise Therapy on Phys-
ical Functioning in Patients with Knee Osteo-
arthritis and Comorbidity: A Randomized Con-
trolled Trial. Arthritis Care Res (Hoboken) 2017;
69: 807-816.

Dai WL, Zhou AG, Zhang H, Zhang J. Efficacy of
Platelet-Rich Plasma in the Treatment of Knee
Osteoarthritis: A Meta-analysis of Randomized
Controlled Trials. Arthroscopy 2017; 33: 659-
670 e651.

Minutoli F, Pergolizzi S, Blandino A, Mormina E,
Amato E, Gaeta M. Effect of granulocyte colo-
ny-stimulating factor on bone marrow: evalua-
tion by intravoxel incoherent motion and dynam-
ic contrast-enhanced magnetic resonance im-
aging. Radiol Med 2020; 125: 280-287.

Tietze DC, Geissler K, Borchers J. The effects
of platelet-rich plasma in the treatment of large-
joint osteoarthritis: a systematic review. Phys
Sportsmed 2014; 42: 27-37.

Chang KV, Hung CY, Aliwarga F, Wang TG, Han
DS, Chen WS. Comparative effectiveness of
platelet-rich plasma injections for treating knee
joint cartilage degenerative pathology: a sys-
tematic review and meta-analysis. Arch Phys
Med Rehabil 2014; 95: 562-575.

Sevimli R, Erenler AS, Karabulut AB, Akpolat N,
Geckil H. Microbial chondroitin sulfate in exper-
imental knee osteoarthritis model investigation
of chondroprotective effect. Eur Rev Med Phar-
macol Sci 2021; 25: 5402-5411.

Rinonapoli G, Gregori P, Di Matteo B, Impieri L,
Ceccarini P, Manfreda F, Campofreda G, Caraf-
fa A. Stem cells application in meniscal tears: a
systematic review of pre-clinical and clinical ev-
idence. Eur Rev Med Pharmacol Sci 2021; 25:
7754-7764.

132)

133)

134)

135)

136)

137)

138)

139)

140)

da Silva Meirelles L, Caplan Al, Nardi NB. In
search of the in vivo identity of mesenchymal
stem cells. Stem Cells 2008; 26: 2287-2299.

James AW, Zara JN, Zhang X, Askarinam A,
Goyal R, Chiang M, Yuan W, Chang L, Corselli
M, Shen J, Pang S, Stoker D, Wu B, Ting K,
Peault B, Soo C. Perivascular stem cells: a pro-
spectively purified mesenchymal stem cell pop-
ulation for bone tissue engineering. Stem Cells
Transl Med 2012; 1: 510-519.

Wakefield RJ, Balint PV, Szkudlarek M, Filip-
pucci E, Backhaus M, D’Agostino MA, Sanchez
EN, lagnocco A, Schmidt WA, Bruyn GA, Kane
D, O’Connor PJ, Manger B, Joshua F, Koski J,
Grassi W, Lassere MN, Swen N, Kainberger F,
Klauser A, Ostergaard M, Brown AK, Machold
KP, Conaghan PG, Group OSI. Musculoskele-
tal ultrasound including definitions for ultrasono-
graphic pathology. J Rheumatol 2005; 32: 2485-
2487.

Ostergaard M, Pedersen SJ, Dohn UM. Im-
aging in rheumatoid arthritis--status and re-
cent advances for magnetic resonance imaging,
ultrasonography, computed tomography and
conventional radiography. Best Pract Res Clin
Rheumatol 2008; 22: 1019-1044.

Sozzi C, Trentadue M, Nicoli L, Tavani F, Piovan
E. Utility of vertebral biopsy before vertebroplas-
ty in patients with diagnosis of vertebral com-
pression fracture. Radiol Med 2021; 126: 956-
962.

Tortora F, Negro A, Russo C, Cirillo S, Caran-
ci F. Chronic intractable lumbosacral radicular
pain, is there a remedy? Pulsed radiofrequen-
cy treatment and volumetric modifications of the
lumbar dorsal root ganglia. Radiol Med 2021;
126: 124-132.

Wong-On M, Til-Perez L, Balius R. Evaluation
of MRI-US Fusion Technology in Sports-Relat-
ed Musculoskeletal Injuries. Adv Ther 2015; 32:
580-594.

Klauser AS, De Zordo T, Feuchtner GM, Dje-
dovic G, Weiler RB, Faschingbauer R, Schirm-
er M, Moriggl B. Fusion of real-time US with CT
images to guide sacroiliac joint injection in vitro
and in vivo. Radiology 2010; 256: 547-553.
Zacchino M, Almolla J, Canepari E, Merico V,
Calliada F. Use of ultrasound-magnetic reso-
nance image fusion to guide sacroiliac joint in-
jections: a preliminary assessment. J Ultra-
sound 2013; 16: 111-118.



