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Abstract

Magnetic resonance imaging (MRI) has allowed a com-
prehensive evaluation of articular disease, increasing the
detection of early cartilage involvement, bone erosions,
and edema in soft tissue and bone marrow compared
to other imaging techniques. In the era of functional
imaging, new advanced MRI sequences are being su-
ccessfully applied for articular evaluation in cases of
inflammatory, infectious, and degenerative arthropathies.
Diffusion weighted imaging, new fat suppression tech-
niques such as DIXON, dynamic contrast enhanced-MRI,
and specific T2 mapping cartilage sequences allow a
better understanding of the physiopathological processes
that underlie these different arthropathies. They provide
valuable quantitative information that aids in their dif-
ferentiation and can be used as potential biomarkers of
articular disease course and treatment response.

Key words: Magnetic resonance imaging; Joint; Diffusion
weighted imaging; Dynamic contrast enhanced; Musculo-
skeletal system; Cartilage; DIXON; Arthritis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: New magnetic resonance imaging (MRI)
techniques, successfully applied in other anatomical
areas, can help to improve the diagnostic accuracy for
arthritis evaluation. Advanced fat suppression techniques
like DIXON or functional sequences such as cartilage
imaging, diffusion weighted imaging or dynamic contrast
enhanced-MRI are showing promising results for arthritis
assessment. These techniques provide both morphological
and functional information in several clinical scenarios
including infection, degenerative or inflammatory arthritis.

Martin Noguerol T, Luna A, Gémez Cabrera M, Riofrio AD.
Clinical applications of advanced magnetic resonance imaging
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techniques for arthritis evaluation. World J Orthop 2017; 8(9):
660-673 Available from: URL: http://www.wjgnet.com/2218-5836/
full/v8/19/660.htm DOI: http://dx.doi.org/10.5312/wjo.v8.19.660

INTRODUCTION

Joint diseases are first evaluated through conventional
plain radiography, although this technique is limited
in that only late subchondral and bony abnormalities
in arthropathies can be detected. Bone scintigraphy
has been used to detect the presence of active dis-
ease!’, Ultrasound (US) with Doppler capabilities
plays a complementary role in the evaluation of soft
tissue involvement for active synovial inflammation
assessment without use of radiation or administration of
exogenous contrast agents?. However, US is limited by
operator-dependency and lack of visualization of deep
joints. Computed tomography (CT) can help to better
define bone involvement in specific joints, particularly
when the diagnosis is questionable based on other
imaging techniques™. A major drawback of CT is its
use of ionizing radiation, which limits its use in pediatric
population.

The introduction of magnetic resonance imaging (MRI)
for joint assessment has overcome several limitations of
conventional imaging techniques due to its higher tissue
contrast, the ability to obtain multiplanar acquisitions,
and the absence of ionizing radiation. Furthermore,
MRI sequences permits an early detection of cartilage
changes, better depiction of bone and soft tissue edema,
and the characterization of synovial involvement™. Also,
several disease-specific scales based on MRI changes
have been proposed to measure arthritis related changes
in clinical practice and have been applied in research
trials to increase reproducibility™.

Currently, several new functional MRI techniques have
been translated from the brain to the musculoskeletal
system which provide physiopathological information of
normal tissue and disease. The DIXON sequence allows
for very homogeneous fat-suppression in large and small
joints, leading to improved detection of bone edema,
synovial enhancement, and subchondral involvement.
The Dixon sequence also is able to quantitatively define
the fat and water content of a tissue, which can be useful
in treatment monitoring of arthropathies. Diffusion-
weighted imaging (DWI) evaluates the movement of
the free water within tissues, allowing for an indirect
estimation of cellularity and cell membrane integrity
which enables discrimination between hypercellular
lesions, such as malignant and inflammatory processes,
from normal tissues. DWI can evaluate arthritis in a
quantitative manner while avoiding the use of contrast
agents.

Dynamic-contrast enhanced MRI (DCE-MRI) exploits
differences in tissue vascularization. In this manner, this
technique has been used to differentiate the etiology
of synovial involvement in arthropathies according
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to the enhancement pattern and other quantitative
derived biomarkers. The use of T2 mapping, which
acquires different echo times (TE) within the same
sequence, has been shown to aid in the early detection
and quantification of cartilage abnormalities based
on changes in water content, which indirectly reflects
collagen content and collagen fiber orientation in the
extracellular matrix. T2 mapping has been primarily used
for early detection of osteoarthritis in the knee, as areas
of initial cartilage degeneration show longer T2 values.

This review visits the technical basis and quantitative
biomarkers provided by all these new advanced MRI
techniques in the assessment of arthropathies and
succinctly analyze their clinical applications.

ADVANCED MRI SEQUENCES FOR
ARTHRITIS EVALUATION

Fat suppression techniques

The detection of bone edema is considered, along with
synovial involvement, as the key feature in assessing
joint involvement in arthropathies. The presence of
bone edema has been demonstrated to correlate with
overall patient outcome, preceding the existence of
bone erosions and joint deformity®”). Given its excellent
tissue contrast, MRI is considered the single modality
able to properly assess the presence, location, and
extension of bone edema’™. Edema imaging is mainly
based on fat-suppressed T2-weighted sequences, as
the higher water content of involved bone marrow is
better depicted against a background of suppressed fat
signal. Several sequences have been classically used
for evaluation of bone marrow edema, including short
inversion time recovery (STIR), spectral presaturation
with inversion recovery (SPIR) and spectral adiabatic
inversion recovery (SPAIR)'®. Table 1 summarizes the
main physical properties of these techniques and their
clinical applications.

Bone marrow edema is also well detected on T1-
weighted imaging, specifically with chemical shift
imaging (CSI). This gradient-echo (GE) based technique
exploits the different resonance frequencies of fat and
water. In CSI, two different TE are acquired, providing an
image where fat signal is subtracted from water signal
(opposed-phase image) and another where the signal of
water and fat are added (in-phase imaging)™®. CSI has
shown potential to differentiate true bone replacement
from red bone marrow in different locations, and helps
to better identify the presence of bone edema and its

extensiont**?,

Chemical shift and DIXON

Several types of advanced sequences have emerged as
a technical optimization of chemical shift based on the
DIXON technique. This technique acquires several TE at
the same time and combines them to obtain, not only
an “in phase” or “opposed phase” imaging, but also “fat
only” and “water only” maps™***. In this manner, time

September 18, 2017 | Volume 8 | Issue 9 |



Martin Noguerol T et a/. Useful of functional imaging for joints assessment

Table 1 Fat suppression techniques in musculoskeletal system

In phase-out Fat saturation Water DIXON STIR SPIR SPAIR
of phase (CHESS) excitation
Physical Change of  Selective RF pulse  Selective RF Different TEs, mathematic Selective Spectrally selective Spectrally
basis TE that suppresses fat ~ pulse that post-processing inversion of short RF pulse that adiabatic selective
excites water T1 tissues suppresses fat RF pulse that
suppresses fat
Advantages Fast High SNR Fast Four images in one Less prone to BO Pre- and post- Insensitive to B1
High SNR  Contrast enhanced 3D acquisition and Bl contrast studies
studies acquisition Quantification
Less prone to BO and B1
Drawbacks Sensitivity to Sensitivity to B0 and Sensitivity to Acquisition time Suppress all short  Sensitivity to BO  Sensitivity to BO
BO Bl at large FOV BO T1 structures
Clinical Detection Bone edema Cartilage Allin one technique ~ Large FOV (spine) Postcontrast imaging Large FOV and
applications  of bone evaluation in joints  evaluation High SNR Multiple of inflammatory  high SNR needed:
infiltration ~ MR-arthrography Less metal induced interfaces (fingers, or neoplastic thigh or MR-
artifacts toes, metal) conditions neurography

CHESS: Chemical Shift Selective; STIR: Short inversion time recovery; SPIR: Spectral presaturation with inversion recovery; SPAIR: Spectral adiabatic
inversion recovery; TE: Time of echo; RF: Radiofrequency; SNR: Signal noise ratio; FOV: Field of view.

Fat only In phase

Out of phase

Water only

Figure 1 DIXON. Thirty-two years old woman with knee pain and suspected rheumatoid arthritis. Post-contrast DIXON study was performed. Opposed-phase image
shows large hypointense areas in both condyles (arrows), which are hardly seen on the in-phase image, consistent with bone marrow edema. Note the presence of
bone erosions and synovitis (curved arrow) better depicted on water only imaging.

can be saved by obtaining several stacks of images
from only one acquisition (Figure 1).

The DIXON sequence is suitable for routine MRI
to evaluate soft tissue and bone disorders and is
compatible with a wide variety of pulse sequences, shcu
as Turbo Spin Echo (TSE) and GE, and weightings (T2-
weighted, T1-weighted or proton density images). The
insensitivity of DIXON imaging to BO and B1 hetero-
geneity offers robust fat suppression with higher SNR
than other fat-suppressed techniques. Furthermore,

Baishidenge ~ WJO | www.wjgnet.com

the use of DIXON improves image quality in areas
traditionally challenging for obtaining homogeneous
fat-suppression, such as in regions of high magnetic
susceptibility (i.e., metallic implants) or in small
anatomic areas, such as toes and fingers. DIXON
sequences can be especially helpful in patients who
cannot tolerate uncomfortable positions, particularly
the pediatric and elderly populations***, saving time
in the acquisition of other sequences. Finally, DIXON
provides quantitative parameters about water and fat
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Figure 2 Diffusion-weighted imaging. A: Free water diffusion. The diagram represents the free motion of water molecules in the extracellular space between cells in
normal tissue; B: Restricted water diffusion. The diagram represents the restricted motion of water molecules in the extracellular space due to hypercellularity. Another
condition that leads to a decrease in the extracellular space is the presence of cytotoxic edema, while the presence of debris and detritus as in the case of abscesses
may result also in restricted diffusion.

content of bone marrow and other tissues, including
the percentage of signal loss between in phase and
opposed phase images (fat fraction), which may pro-
vide potential biomarkers for treatment monitoring
of arthritis™*'®!, Water only GE T1-weighted images
provide high quality fat-suppression, which can be
especially useful in dynamic postcontrast series or high-
resolution late post-contrast studies, thereby improving

the detection of subtle areas of enhancement™”.

bwi

DWI evaluates the movement of free water within
biological tissues. This property indirectly estimates
cellularity and cell membrane integrity and allows
for discrimination between hypercellular lesions and
normal tissues™™ (Figure 2). DWI provides quantitative
information through the Apparent Diffusion Coefficient
(ADC) that represents the exponential decay of a single
component of diffusion signal. DWI improves detection
of malignant lesions which show reduced water motion
secondary to the occupancy of the interstitial space by
malignant cells. Furthermore, it has been proposed as
an important oncological biomarker due to its ability to
discriminate between malignant and benign lesions™. In
a similar fashion, infection and inflammation demonstrate
reduced water motion and restriction of diffusion. In this
manner, DWI and ADC have demonstrated its ability
for lesion characterization and treatment monitoring in
musculoskeletal applications™.

Specific technical adjustments are necessary to
perform DWI in musculoskeletal radiology. Most com-
monly, DWI is performed using a single shot-echo
planar imaging (SS EPI) sequence, which is prone to
susceptibility and motion artifacts, that are usual in
joint evaluation, especially in fingers and toes, due to
air-bone-soft tissue interfaces. For bone evaluation, as
well as for other anatomical regions, multi-channel or
surface coils are usually needed for parallel imaging in
order to obtain adequate SNR and reduce artifacts®.,
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DWI provides a qualitative and quantitative ass-
essment of arthritis in a relative short scan time and
without need for exogenous contrast®. Normal bone
marrow demonstrates low signal intensity on DWI
images with low ADC values due to its low cellularity and
scarce free water content and dominance of fatty tissue,
especially in yellow (fatty) marrow. Characteristically,
active arthritis will appear as areas of high signal on
highly-weighted diffusion images, also known as high
b values images, with concomitant decreased signal
on ADC maps. As mentioned previously, one benefit of
DWI is that the use of contrast agents is not required.
This is particularly important for patients with joint
diseases, as it is not uncommon for these patients to
have an underlying systemic disease with renal function
impairment. In this population, the administration of
gadolinium chelates should be taken with caution to
decrease the potential risk of develop nephrogenic
systemic fibrosis. Also, children with juvenile idiopathic
arthritis have inherent drawbacks for intravenous pun-
cture®®, In this setting, DWI can be considered as an
alternative to contrast-enhanced sequences.

For articular disease assessment, DWI may also be
used for soft tissue evaluation, particularly for synovial
involvement, joint effusion characterization, and bone
marrow edema detection thanks to its ability to assess
the water molecules movement.

DCE MRI

Conventional delayed postcontrast T1-weighted sequences
only provide morphological information about areas
of enhancement. DCE-MRI goes beyond conventional
postcontrast MRI by providing pathophysiological infor-
mation of the inflammatory processes themselves. DCE-
MRI is usually based on a 3D gradient echo sequence
with high temporal resolution, applying a dynamic scan
faster than 4 s per dynamic®. This approach with high
temporal resolution has shown several advantages over
conventional multi-phase DCE-MRI (temporal resolution

September 18, 2017 | Volume 8 | Issue 9 |



Martin Noguerol T et a/. Useful of functional imaging for joints assessment

Table 2 Main parameters derived from dynamic contrast enhanced-magnetic resonance imaging studies

Parameter Biological meaning

Area under the curve The integral in a plot of concentration of contrast agent in blood plasma against time

Maximum (relative) enhancement The maximum signal difference between the signal intensity at its maximum and baseline

Time to peak Time elapsed between the arterial peak and the end of the steepest portion of enhancement

Wash in rate The maximum slope between the time of onset of contrast inflow and the time of peak enhancement on the time
intensity curve

Wash out rate The clearance rate of contrast agent

K" Volume transfer constant between blood plasma and EES

K*® Rate constant between EES and blood plasma

Ve Volume of EES per unit of volume of tissue

EES: Extravascular extracellular space.

0999

Figure 3 Dynamic-contrast enhanced-magnetic resonance imaging. Dynamic-contrast enhanced-magnetic resonance imaging analysis may be performed using
a monocompartmental or a bicompartmental model. A: Diagram represents a monocompartmental model in which only vascular space is considered for distribution
of gadolinium chelate; B: Diagram represents a bicompartmental model in which, besides the vascular space, the extracellular extravascular space with leakage and
recirculation of gadolinium molecules are also considered. The main parameters derived for those models are detailed in Table 2.

between 12 to 20 s) with improved assessment of the usually freehand drawn area™*®, Although widely used,
dynamic enhancement process (Figure 3). New 4D this method is prone to sample errors. Other semi-
acquisitions that combine high temporal and spatial automatic analysis methods have been proposed, using
resolution are able to provide simultaneous assessment of pixel by pixel maps of signal intensity data recorded on
both structural and vascular properties®®!, This technique DCE-MRI studies®*,
also permits MR-angiography reconstructions of regional Several types of time-intensity curves (TIC) have
vasculature. been described depending on the morphology and

In joint disease, the target structure on DCE-MRI shape of the enhancement curve®* Y, Type I TIC is
is the synovium. DCE-MRI helps to understand the no enhancement, type II curve reflects a slowly and
specific and complex physiopathological process that progressively rising enhancement. Type Il TIC has a
underlies each specific type of arthritis. The differential fast wash-in phase followed by a plateau and Type IV
diagnosis may be narrowed based on the enhancement curve demonstrates fast wash-in and an early wash-
characteristics of the synovium, along with bone edema out phase, usually linked to inflammatory activity.
pattern and its distribution. The most helpful features Finally, type V is related to a fast wash-in with later
for distinguishing the etiology of the joint process is the ~ progressive enhancement™’??,
steepness and speed of enhancement during the first Parameters derived from monocompartmental or
phases of DCE-MRI. For example, significant differences bicompartmental models of analysis of DCE studies
have been found in relative enhancement rate (RER), are being considered as potential biomarkers for
not in the first phases, but at delayed acquisition 15 arthritis evaluation™, These biomarkers may predict
min after Gad injection, with greater RER in rheumatoid aggressiveness of the arthritis and potentially aid in
arthritis (RA) than in psoriatic arthritis (PA). These  treatment monitoring™*. Table 2 summarizes the main
results are a reflection of histopathology of synovitis in parameters derived from DCE-MRI studies and its
RA which presents higher cellularity and greater number biological meaning.
of vessels compared with PA®,

The analysis of DCE-MRI images has been classically Cartilage imaging
performed using regions of interest (ROI). ROI-based Imaging of cartilage is one of the primary goals for
analysis provides an average of all data included on a MRI of the joints. The loose of the normal physiologic
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Figure 4 Osteoarthritis progression. A 49-year-old woman with knee pain is
studied with two consecutive MRI studies. The first MRI (left images) shows a
moderate joint effusion with patchy areas of increased signal intensity on T2 FFE
sequence within the patellar cartilage. T2 mapping demonstrates diffuse increase
in T2 relaxation times, more conspicuous at the patellar apex (arrows) consistent
with early cartilage damage. Follow-up MRI performed 15 mo later (right images),
demonstrates severe cartilage thinning, especially at patellar apex, that correlates
with a severe increase in T2 relaxation times on the T2 mapping study. This
clinical example demonstrates how T2 mapping can help to detect patients with
evidence of early OA. MRI: Magnetic resonance imaging; OA: Osteoarthritis.

extracellular matrix precedes the development of
bone damage and joint deformity. Articular hyaline
cartilage has been classically evaluated with MRI using
a morphological approach, which is limited due to the
absence of pathophysiological information. In the last
two decades, several functional sequences have been
developed to allow a better understanding of cartilage
structure. Functional MRI provides a qualitative and
quantitative leap in early cartilage damage detection
and treatment monitoring.

Nowadays, the most commonly applied functional
technique for assessment of cartilage damage is T2
mapping. To obtain these images, multiple TE are
acquired within the same sequence, computing the T2
relaxation time for each of those acquisitions. A voxel-
based parametric map is generated showing the T2
relaxation time of cartilage, which can be assessed
visually (qualitative analysis) or quantitative (ROI-based
analysis)®, T2 relaxation time depends on the amount
of water and the integrity of extracellular matrix, mainly
secondary to collagen fiber density. The chemical
interaction of collagen fibers with water protons results
in a shortening of T2 relaxation time of the normal
cartilage (Figure 4). There is a direct correlation bet-
ween T2 values and water content and an inverse
correlation with collagen concentration®!. In this
manner, areas of injured cartilage show a decrease in
extracellular matrix (mainly collagen and proteoglycans)
and increased water content. By increasing the TE, T2
mapping can detect these areas of early injury.

CLINICAL SCENARIOS

Infectious arthritis
The most frequent cause of septic arthritis is direct
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invasion through a skin defect/ulcer or haematogenous
spread. In other cases, the infection is related to previous
joint replacement surgery. Clinical and biochemical
criteria are usually enough for an appropriate diagnosis,
however in many cases, imaging is needed in order
to evaluate the extent of the infection, particularly to
evaluate for bone involvement. MRI has demonstrated
a high accuracy for septic arthritis assessment*~®, As
will be discussed in the next section, the introduction of
functional MRI sequences may improve the specificity
of the diagnosis, especially in evaluating the physiologic
characteristics of the synovium, joint fluid, and neigh-
boring bone.

DWI has shown potential for assessing joints and
synovial fluid. One of the most useful applications of
DWI in joint assessment is the evaluation of joint fluid
and periarticular collections, in particular for depiction
of infectious synovitis. In inflammatory fluid, hyalur-
onidases disrupt hyaluronic chains (that confer fluid
viscosity) resulting in an increase in ADC values®®
(Figure 5). On the other hand, in septic arthritis, the
presence of inflammatory cells, detritus, and pus
produces an increase in viscosity which results in
lower ADC values™” (Figure 6). Thus, DWI is able to
determine the nature of synovial fluid without the need
for contrast agent injection and may also obviate the
need for arthrocentesis, reducing potential complications
such as infection and haemorrhage.

DWI has also demonstrated high accuracy in the
differentiation between synovial thickening and reactive
joint effusion, with high signal intensity at synovium on
high b values due to hypercellularity. In cases of synovial
thickening, intermediate ADC values (1.3-2.2 x 10~
mm?/s) may be found due to increased vascularization
and associated perfusion-related effects in the
synovium®%*%,

In cases of reactive bone involvement, there will
be an increase in signal intensity on high b value DWI
with concomitant high ADC values compared with
normal bone due to the increase in water content of
the damaged subchondral bone. When subchondral
bone is affected by septic arthritis (osteomyelitis),
involved areas will show hyperintensity at high b values
with low ADC values due to the presence of pus and
inflammatory cells'"

DCE-MRI is also able to discriminate between
synovial thickening and effusion and allows for the
assessment of soft tissue involvement, synovitis (Figure
7), and necrotic areas in severe septic arthritis™*?.

Postcontrast fat suppressed T1-weighted sequences
usually help in the detection of bone marrow involvement
as areas of increased enhancement. Normal yellow
marrow will show no significant change in signal
intensity after contrast injection compared to baseline.
Involved bone in joints with septic arthritis will show a
characteristic TIC (type II curve), with an intense early
enhancement and later slight progressive increase of
the enhancement slope compared to baseline marrow,
without evidence of delayed washout™. Perfusion of
epiphysis of involved bone has been shown to be lower
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Figure 5 Synovial fluid evaluation with diffusion-weighted imaging. In a 42-year-old woman with RA and knee swelling. A: Axial post contrast fat-suppressed TSE
T1-weighted sequence shows articular fluid and synovial enhancement; B, C: DWI with a b value of 900 s/mm?’ and corresponding ADC map confirm the presence of an
effusion without significant restriction of free water motion (ADC: 2, 8 x 10° mm?s) consistent with transudate due to rheumatoid arthritis, as confirmed by arthrocentesis.
In this case, DWI helps to exclude infection. Note the presence of a prominent chondral erosion near to patellar apex (asterisk on A). DWI: Diffusion-weighted imaging; RA:
Rheumatoid arthritis; ADC: Apparent diffusion coefficient.

Figure 6 Septic synovitis. Magnetic resonance imaging findings in a 22-year-old man with knee pain and fever. A: Axial post contrast fat-suppressed TSE T1-weighted
image shows a large joint effusion with synovial thickening and intense enhancement; B, C: DWI with a b value of 800 s/mm” and corresponding ADC map demonstrate
areas of severely restricted diffusion (ADC: 1, 8 x 10° mm?/s) within the articular fluid at the lateral patellar recess consistent with exudate, as proven by arthrocentesis.
DWI: Diffusion-weighted imaging; ADC: Apparent diffusion coefficient; TSE: Turbo spin echo.

than expected on the initial phases of DCE-MRI likely due lower ADC values than normal bone marrow (Figure
to an increase in hydrostatic pressure or possibly septic ~ 8)*".,
thrombosis of epiphyseal vessels. Furthermore, these DWI has also been shown to increase the cons-

(41, picuity of bone subchondral edema, likely related to a

proper suppression of background signal, and thus may
Inflammatory arthritis increase the specificity of these changes in patients
Sacroiliitis: For sacroiliitis (SI) evaluation, conventional ~ with early SI. Higher ADC values (0.5-1.5 x 107
fat suppression techniques have high accuracy but a mm?/s) have been found in affected subchondral bone
relative lack of specificity in the discrimination between compared with control groups (0.2-0.6 x 10”° mm?/s)“*.,
early acute and sub-acute disease. Recently, several Post contrast fat suppression T1-weighted images
reports have focused on the potential of DWI to as well as DCE-MRI have demonstrated its usefulness
assess the sacroiliac joints, given its ability to detect for SI detection with higher accuracy of the latter
subchondral bone edema with similar accuracy to fat for detection of active disease even in the earliest
suppressed contrast-enhanced T1-weighted imagest*. phases*,
This may determine the degree of activity in acute
sacroiliitis, although with lesser SNR than fat suppressed Rheumatoid arthritis: Rheumatoid arthritis (RA)
T2-weighted sequences®!. In active sacroiliitis, areas pathogenesis starts with an autoimmune inflammatory
of high signal intensity will be detected on high b reaction against antigens located at the synovium that
value images in the subchondral bone but with higher usually results in eventual joint destruction. As in SI,
ADC values than normal bone marrow, reflecting MRI has demonstrated to be superior to conventional
the presence of an inflammatory process. In chronic imaging for detection of RA even in early phases™.
sacroiliitis, due to fatty changes, the involved joint will Detection and characterization of synovitis and
show lower signal intensity on high b value images and subchondral bone edema are the primary focus of MRI,

changes may lead to avascular necrosis
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Figure 7 Evaluation of inflammatory arthritis with dynamic-contrast enhanced-magnetic resonance imaging in a 42-year-old woman with rheumatoid
arthritis and right hip pain. A: Axial STIR shows mild articular effusion in the right hip with subtle signs of subchondral bone edema (arrow); B: Axial post-
gadolinium SPIR GE T1-weighted image demonstrates moderate synovial thickening and enhancement especially at the medial articular surface (arrow); C:
Relative enhancement map; D: Dynamic-contrast enhanced-magnetic resonance imaging demonstrate a type I TIC (blue curve) in the right hip, with progressive
enhancement, compared to absence of significant enhancement in the contralateral hip (orange curve). This finding helps to confirm the inflammatory involvement of
right hip. STIR: Short inversion time recovery.

Figure 8 Acute sacroiliitis in a 32-year-old woman with left hip pain. A-C: Coronal STIR shows a focus of subchondral bone edema in the left hemisacrum (arrow, A),
which appears hyperintense on (B) high b value DWI, with (C) significantly higher ADC values than contralateral bone marrow (1.3 x 10° mm?s vs 0.2 x 10° mm’/s); D:
Fused DWI and STIR images allow a better depiction of bone edema. STIR: Short inversion time recovery; DWI: Diffusion-weighted imaging; ADC: Apparent diffusion
coefficient.

as these features have been demonstrated to be the respectively®™”. These characteristics have been included
strongest predictors of early RA and bone erosions, in @ MRI scoring system for RA evaluation (RAMRIS),
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Figure 9 Multiparametric evaluation of rheumatoid arthritis in a 40-year-old woman with hand involvement. A: Coronal STIR shows severe articular surface
erosions with subchondral edema and synovial hypertrophy at the 3rd metatarsal-phalangeal joint (arrow); B: Axial DWI b800 demonstrates markedly restricted
diffusion within this joint (arrow, B) with good correlation on (C) STIR and DWI b 800 fused image; D, E: (D) DCE-MRI relative enhancement map shows increased
enhancement and (E) TIC of the involved joint (red curve) shows an initial fast enhancement which becomes more progressive and slow in late phases in comparison
to the adjacent normal joint (green curve). STIR: Short inversion time recovery; DWI: Diffusion-weighted imaging; MRI: Magnetic resonance imaging; DCE: Dynamic
contrast enhancement.

as indicator of disease activity™'!. Fat suppression behind synovitis than the single use of pre and post-

techniques have improved the ability of MRI for bone gad T1 sequences. Semi-quantitative parameters
edema detection as discussed previously. such as maximum enhancement (ME) and rate of
Functional sequences like DWI and DCE-MRI have early enhancement (REE) may be used as potential
also contributed to the increase in overall accuracy of biomarkers and allow the detection of changes in
MRI for RA assessment, providing several quantitative synovial vasculature before changes in synovial volume
parameters which may be used as biomarkers of RA or bone edema occur™?.
activity™. DWI has demonstrated a high accuracy for Besides clinical and biochemical criteria, DCE-MRI
synovitis detection in the wrist and hand, especially in the has demonstrated the ability to discriminate between
metacarpophalangeal and proximal phalangeal joints, in RA and psoriatic arthritis (PA), as previously discussed.
patients with RA®?. Synovial infiltration by inflammatory A significant difference is in the relative enhancement
cells may affect the mobility of water molecules (Figure rate (RER), at delayed acquisition 15 min after gado-
9). Furthermore, the inherent background suppression linium injection has been reported between both
of surrounding tissues increases the sensitivity and entities. These results are a reflection of histopathology
specificity of DWI over other MRI techniques for synovitis of synovitis in RA which has a higher cellularity and a
and bone edema detection, which have been linked to greater number of recruited vessels compared with
rapid radiographic progression in patients with early signs PA™S,
of RA®™?1, One downside of DWI is the susceptibility
to inhomogeneities in the magnetic field and low SNR, Juvenile idiopathic arthritis: Juvenile idiopathic
limiting its application in assessment of the hands and arthritis has also been successfully evaluated with
feet. classical morphological MRI sequences, and more
The interest of applying DCE-MRI studies for the recently with functional imaging with promising results for

evaluation of RA, particularly in the assessment of the assessment of knee, wrist, and hip involvement>***.,
synovitis, is rising howadays, as it has demonstrated a DWI has several advantages in the depiction of bone
high correlation with clinical, biochemical, and histological edema and synovitis in young patients, including the
markers of disease activity™. The steepness of the lack of ionizing radiation, the ability to assess active and

TIC in cases of active disease, usually demonstrating subclinical synovitis in patients with a difficult clinical
a fast initial enhancement phase and later plateau or examination, the identification of high-risk patients, and
washout, better reflects the physiopathological process ultimately, in treatment monitoring™”.
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Figure 10 DIXON for evaluation of osteoarthritis in a 56-year-old woman with chronic knee pain. A subchondral geode is identified at the medial aspect of the
medial tibial plateau (arrow), which is more conspicuous in the opposed-phase image than in the in-phase image suggesting edematous changes, as confirmed in the
water-only acquisition. The water only image also shows soft tissue edema at the body of the medial meniscus and medial collateral ligament (curved arrow).

Finally, DCE-MRI has been proposed as a potential
biomarker in children with juvenile idiopathic arthritis and
wrist involvement demonstrating an association between
clinical active disease and derived-parameters such as
maximum relative enhancement™®.

Osteoarthritis

The active erosive changes that occur in the first phases
of osteoarthritis (OA) may be studied by functional MRI
sequences. If treatment is introduced in this phase,
before reparative changes occur, the course of the
disease may be altered enough to avoid joint deformities.

Based on DCE-MRI, differences between RA and OA
can be found that reflects the different physiopathology
of RA (inflammatory) and OA (degenerative). OA shows
higher semi-quantitative (REE) and quantitative (K™",
K*) values than control subjects, but lower ones than
those in RA, likely due to an inferior angiogenic potential
and decreased permeability of synovium in OA"”,

Joint imaging requires multiple planes and several
fat-suppression sequences, factors that prolong the
total scan time. Some studies have demonstrated that
CSI and DIXON techniques, through in-phase and out
of phase sequences as well as through the use of water
only images, can accurately assess subchondral bone
thickness while reducing the scan time (Figure 10)*%.

Early detection of cartilage damage may allow the
treatment of patients with potentially better outcomes
than in advanced OA stages™. As previously discussed,
T2 mapping techniques are able to detect areas of
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elevated T2 values within normal-appearing hyaline
cartilage on morphological sequences®®!, In OA,
cartilage damage is usually present at high pressure
points, unlike in RA and other inflammatory arthritis
whereas can be seen at any area of cartilage joint
surface®,

Therapy monitoring

Functional MRI techniques for joint evaluation can be
also used in treatment monitoring. As drugs used for
modulation of articular disease progression in SI and other
inflammatory arthritis have non-negligible adverse side
effects, these advanced MRI sequences may accurately
determine the effectiveness of treatment. Normalization
of ADC values and signal intensity on DWI is related to
proper treatment response, while the presence of high
ADC values after treatment may reflect persistence of
inflammatory signs'®”. For example, for SI, DWI has
demonstrated the potential to be a tool for therapy
monitoring of active sacroiliitis'*’****, In inflammatory
arthritis, the response to steroid and non-steroid anti-
inflammatory drugs can be assessed by reduction
of angiogenesis in DCE- derived parameters'®. In a
similar manner, in septic arthritis, DCE-MRI can aid in
the assessment of response to antibiotherapy (Figure
11). Parameters derived from pharmacokinetic models,
such as K™ and K*, are also elevated in patients with
RA, reflecting the increase in perfusion, extravascular
space, and permeability in synovitis. Their reduction after
successful treatment provides a mechanism for noninvasive
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Figure 11 Magnetic resonance follow-up of septic arthritis in a 58-year-old woman with shoulder pain, fever, and swelling. A: Coronal STIR shows severe
edema within the proximal humerus as well as in the surrounding soft tissues with minimal intraarticular fluid; B: DCE-MRI relative enhancement map demonstrates
extensive enhancement in the synovium and the humeral head; C, D: Follow-up MRI study 3 wk after intravenous antibiotic therapy demonstrates adequate response
to treatment with reduction of edema on STIR and enhancement on DCE-MRI. Note also the change in the initial slope of the blue TIC (synovial enhancement)
between pre and post-treatment studies. The orange TIC shows healthy muscle contrast enhancement as an internal reference. STIR: Short inversion time recovery;
DWI: Diffusion-weighted imaging; MRI: Magnetic resonance imaging; DCE: Dynamic contrast enhancement.

Superficial Intermediate ep ficial eep Superficial Intermediate

Figure 12 Treatment monitoring with magnetic resonance imaging in a 26-year-old gymnast with knee pain. Initial MRI (A) shows mild cartilage thinning
at the medial femoral condyle with subchondral damage PD image. A moderate increase in T2 relaxation values (arrow) confirms the loss of collagen fibers in this
area. Patient underwent MTX therapy and a follow-up MRI performed 3 mo later (B) demonstrates moderate chondral irregularity with focal areas of increased signal
intensity on PD. T2 mapping demonstrates normalization of T2 relaxation time values compared with the pre-treatment study due to the generation of new fibrous
cartilage. MRI: Magnetic resonance imaging; MTX: Microfracturing therapy; PD: Proton-density images.

treatment monitoring®"!, These parameters also allow for tient with chondromalacia such as microfracturing
the discrimination between patients with active disease therapy (MTX) and matrix autologous chondrocyte
from inactive disease and healthy persons®, transplantation (MACT) are now used in clinical practice,

In a similar manner, for OA treatment monitoring, and functional MR sequences may be able to assess
new specific drugs and cartilage repairing techniques the success or failure of the surgical intervention .
have been developed trying to slow, or even revert, the T2 values of the repaired tissue after MTX is initially
progression of OA. Thus, accurate imaging biomarkers lower than after MACT due to the presence of repairing
that can provide an earlier diagnosis of OA and can fibrous cartilage rather than hyaline cartilage (Figure
detect immediate signs of progression during treatment 12). However, during long-term follow-up, T2 values of
monitoring are crucial. The effectiveness of these the repaired cartilage in patients treated with MTX tend
treatments is closely related to their early introduction to normalize in comparison to the rest of cartilage. If
at the first stages of OA. Surgical techniques in pa- this normalization does not occur, a therapy failure may
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be considered®.

CONCLUSION

The introduction of MRI for joint evaluation has
improved the assessment of arthropathies. However, in
many cases, conventional MRI studies are insufficient
for a specific diagnosis and limited in their assessment
of treatment success. A wide range of advanced
MRI techniques are now available in musculoskeletal
radiology and can be applied for evaluating arthritis.
Technical improvements in fat suppression sequences
such as DIXON enable a faster and better detection
of bone involvement. DWI and DCE-MRI provide
pathophysiological information regarding the cellularity
and vascularization of bone and soft tissue in joint
diseases, which can aid in determining the specific type
of arthritis, the extent of disease, and the success or
failure of treatment. T2 mapping allows the evaluation
of early cartilage damage before conventional sequ-
ences, leading to earlier, and thus potentially more
successful, treatment. Integration of these functional
technigues within conventional protocols should be
considered not only for diagnostic purposes but also for
treatment monitoring of arthropathies.
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