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Abstract

Introduction: Hyaline cartilage defects are one of the causes of knee pain. Articular cartilage pathology may be the result
of degeneration or due to acute injury. Magnetic resonance imaging (MRI) is a non-invasive technique for the evaluation of
degenerative changes in the articular cartilage of knee and articular cartilage pathology.

Aim: The aim of this study is assessing the value of adding T2 mapping sequence to a routine MRI protocol of knee for the
diagnostic evaluation of articular cartilage of the knee joint.

Materials and Methods: A retrospective analysis of the patients with the history of knee injury and features suggestive of
osteoarthritis referred to MRI knee has been taken for the study. Informed consent will be obtained from the participating subjects
before any study related procedure. Patients will be imaged in GE signa 1.5 Hdxt MRI modality equipped with transmit-receive
knee coil with the routine MRI knee protocol and with add up to T2 mapping sequence. The results obtained were subjected
for radiological interpretation.

Result: In this imaging study of hyaline cartilage, the early degenerative changes in cartilage and other defects in cartilage
were successfully demonstrated with T2 mapping sequence. The majority of the patients had cartilage defects which were due
to early degenerative changes in cartilage and any injury to the cartilage were clearly demonstrated by T2 mapping sequence.

Conclusion: Addition of an extra sequence called T2 Mapping to a routine MRI protocol of knee at 1.5 tesla improved the
sensitivity for the detection of cartilage defects and early degenerative changes in cartilage of knee.
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INTRODUCTION

Osteoarthritis is an important cause of disability in
our society and marked by degeneration of articular
cartilage. Articular cartilage pathology may be the result
of degeneration or due to acute injury. Imaging of the

Access this article online

Month of Submission : 03-2016
Month of Peer Review : 04-2016
Month of Acceptance : 05-2016
Month of Publishing :05-2016

www.ijss-sn.com

hyaline cartilage of knee has become an essential part of
magnetic resonance imaging (MRI). MRI is a non-invasive
technique for the evaluation of degenerative changes
in the articular cartilage of knee and articular cartilage
pathology."” Whereas routine MRI techniques provide an
accurate evaluation of the lesions of the articular cartilage
as compared to the arthroscopy. With the development
of the advanced pharmacologic therapies and surgical
methods for cartilage repair, there is a raising demand in
developing quantitative MRI techniques that are sensitive
to eatly structural degeneration in articular cartilage.*”

T2 mapping of hyaline cartilage is an imaging technique for
the qualitative and quantitative detection of the cartilage.
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The articular cartilage is composed of cartilage cell and
extracellular matrix including water, type 1l collagen,
and proteoglycan. The collagen has layer-dependent
structure spherical cells with vertical direction against the
subchondral bone plate in deep zone, flatter cell more
rounded random in direction and thick collagen fibrils in
the middle zone, and flat cell in parallel direction to the
articular surface in the superficial zone.

Water content is high in the superficial zone and low in
deep zone. In contrast, proteoglycan content is low in the
superficial zone and high in the deep zone. T2 mapping
can detect the changes in water content and collagen matrix
ultra-structure associated with early cartilage degeneration.
T2 mapping can detect the changes in the chemical
composition and structure of the cartilage and can serve
as image markers of cartilage degeneration.

Cartilage T2 mapping is one of the major quantitative
techniques and provides convincing color mapping and
quantitative detection of the cartilage mainly regarding
architecture and volume of collagen fiber and water
distribution.

In the eatly stage of degenerative changes, pathological
changes with decrease of proteoglycan, disruption
of collagen structure, and increase/decrease of water
distribution are observed.

In normal cartilage of the adult human, cartilage T2 is
approximately 35 ms to 70 ms at 1.5T MRI. The abnormal
T2 increase is seen in the elderly population and patients
with osteoarthritis. Detection of pathology and treatment
planning in consideration of biomechanical environment
is important. The main purpose of this study is to add
up an extra sequence called T2 mapping with the routine
MR sequences of knee to find out the diagnostic value of
articular cartilage of knee.®”

MATERIALS AND METHODS

MRI of 34 patients from January 2016 to April 2016
(retrospective analysis) with clinical suspicion of osteoarthritis
and with the history of knee injuries from Chettinad Hospital
and Research Institute, were included in the study. Informed
consent will be obtained from the participating subjects
before any study related procedure. Patients referred to
MRI knee were imaged in GE Signa 1.5 Hdxt scanner with
the routine knee protocol (proton-density-weighted sagittal
and axial series, T2-weighted sagittal and coronal series, and
T1-weighted coronal series) and with add up sequence axial
multislice multi-echo spin-echo measurement to determine
the T2 relaxation time of the patellar cartilage. MR images
and T2 maps of patellar cartilage were assessed for focal

lesions. The lesions were assessed for lesion width (mm),
lesion depth (1/3, 2/3, or 3/3 of cartilage thickness), and
T2 value (20-40 ms, 40-60 ms, or 60-80 ms) based on visual
evaluation. Lesions are classified into 3 grades according to
the T2 relaxation time within the lesion: First grade 20-40 ms,
second grade 40-60 ms, and third grade 60-80 ms. The
images obtained were subjected to radiological analysis and
interpretation.

Sample Selection

Inclusion criteria

Patients referred for MRI knee study with the history of
knee injury and features suggestive of osteoarthritis.

Exclusion criteria

*  Patients with any H/O Metallic implants
e Patients with known cardiac pacemaker
e Pregnant women

¢ Claustrophobic patients.

Statistical Analysis

Articular cartilage assessment in 34 patients, using multi-
echo sequence was evaluated by 2 radiologists. (Sensitivity,
specificity, and accuracy were 84%, 90%, and 96%,
respectively, for observer A and 78%, 92%, and 90%,
respectively, for observer B), so based on clinical findings,
the sensitivity and specificity of MRI in articular cartilage
assessment were 97.4% and 100%, respectively. Grading
between the multi-echo method of the cartilage relative to
the routine sequence with MRI was excellent (K= 0.82; 95%
confidence interval, 0.66-1.00). A statistically significant
difference was found between the routine sequence and
the cartilage mapping (Fisher’s exact test, P < 0.001).

RESULT AND DISCUSSION

In this imaging study of hyaline cartilage, the early
degenerative changes in cartilage and other defects in
cartilage were successfully demonstrated with T2 mapping
sequence. The majority of the patients had cartilage defects
which were due to eatly degenerative changes in cartilage
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Figure 1: Line graph demonstrating radiologist comparison
between two sequences
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and any injury to the cartilage were clearly demonstrated
by T2 mapping sequence.

In this study, T2 mapping was capable of diagnosing all
lesions that were visible on routine knee MRI protocol.
However, generally the T2 lesions appeared wider, and
some T2 lesions were not revealed on the routine knee
MRI protocol. This indicates that T2 mapping is reasonable
in the clinical setting and may detect cartilage lesions not
seen in routine knee MRI protocol.

T2 mapping revealed important cartilage changes below
the defects. T2 mapping is helpful in determination of
the exact lesion size when considering cartilage repair
operations. T2 mapping does not need any particular
patient preparation or administration of contrast agents.
The imaging of T2 mapping can be held at a common
clinical 1.5T scanner and T2 maps were calculated.
Multislice T2 relaxation time mapping with its 5 min
imaging time in one plane makes it attractive and reasonable
addition to the clinical knee MRI protocol. Therefore, T2
mapping provides important additional information on
cartilage lesions visible in routine knee MRI and may serve
to denote the nature of cartilage lesions.

Cartilage is important factor in any joint disease.
Indications for MRI of the cartilage include both the
detection of cartilage damage and monitor treatment
such as cartilage repair procedures and pharmacological
therapies. Early identification of cartilage damage,
either post traumatic or degenerative, is indispensable
for treatment at an early stage of osteoarthritis. Both
quantitative and qualitative measurements of the cartilage
are needed for the follow-up of disease progression and
its response to treatment.*"

Conventional MRI scan of the cartilage allows quantitative
evaluation. It provides information about the shape and
thickness of the cartilage and gives information about
the cartilage defects. Currently used conventional MR
cartilage imaging techniques such as proton density and
3D spoiled gradient echo sequences with or without fat
suppression are insensitive to intra-substance alterations
of cartilage composition. This is an important eatly marker
for degenerative joint disease and suggests that qualitative
assessment of cartilage is necessary. T2 mapping defined
the sensitivity to the biochemical and structural changes in
the extracellular cartilage matrix and thus have the potential
to serve as image markers of cartilage degeneration.'!?

Cartilage T2 mapping has been used to diagnose cartilage
at risk and cartilage with irreversible damage. It is extremely
useful in the evaluation of functional potential, especially in
young patients and sportsmen. Therefore, it can be used as

a non-invasive tool to study cartilage composition of repair
tissue post cartilage repair procedures or to monitor the
effect of chondroprotective therapy. Cartilage T2 mapping
of knee joint may also have clinical research applications
in the study of arthritis and may give novel information
that improves understanding of the pathophysiology of
generalized osteoarthritis. (Figures 1-5)

LIMITATIONS

The limitation of this study is that the cartilage findings at
T2 mapping and standard MRI knee were not confirmed
with arthroscopy. While arthroscopy could be used to
detect cartilage defects, it would be inadequate to assess

Figure 2: Normal cartilage mapping color coding with various
echo-time
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Figure 3: Axial and sag PD FS images of normal patellar
cartilage indicated in green arrow

Figure 4: Axial multi-echo sequence with multiple regions of
interest and the values demonstrated in the graph
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2.
3.
4.
Figure 5: Axial multi-echo sequence with multiple regions of s
interest and the values demonstrated in the graph ’
6.
for early or subtle intrinsic cartilage abnormalities as shown
on T2 maps. 7
8.
CONCLUSION .
Diagnosis of eatly cartilage degeneration and evaluation
10.

of defects of cartilage in knee are helpful for patients and
clinician in understanding, monitoring, and treatment of
disease. T2 mapping sequence is useful for better detection
of cartilage pathology. Finally, our study shows that better 11
diagnostic information of hyaline cartilage can be obtained
by adding up an extra sequence called T2 mapping to the
routine MRI protocol of knee.
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