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Abstract

Background: The predictive value of the new imaging sequences, especially T2 mapping in assessment of articular
cartilage abnormalities of the medial knee compartments in patients with medial knee pain. The purpose of this
study is to evaluate the additional value of T2 mapping over using a baseline standard knee MRI to detect cartilage
lesions of the medial compartments in patients representing with medial knee pain.

Results: The study included 60 patients presented with medial knee pain, where divided into two groups ; control
group (20 volunteers) with age range from 19 to 41 years old 26.80 + 8.05 (mean + SD) and patients (40 candidates)

compartment.

with age range from 13 to 57 years old with a mean age 33.00 £+ 14.1 (mean + SD).

Conclusion: On adding T2 mapping sequence to the routine MRI of the knee, the sensitivity for detecting knee
cartilage lesions was increased, especially in the detection of early cartilage degeneration at the medial

Compositional MR imaging including T2 mapping plays an important role in the assessment of early and potentially
reversible cartilage damage especially among the young population.

Background
The articular cartilage is one of the most important
structures involved in a degenerative joint disease like
osteoarthritis (OA). Magnetic resonance imaging (MRI)
is the imaging modality of choice for the diagnostic of
the knee articular cartilage defect. Conventional MRI se-
quence can detect morphologic changes which normally
occur in an advanced stage of OA whereas T2 and T2
mapping is sensitive to structural and biochemical
changes in the extracellular cartilage matrix.

Both T2 and T2 can detect biochemical changes in the
cartilage which occurs in the early stage of OA like the
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change of collagen orientation, the collagen content and
tissue hydration [1].

Cartilage loss and clinical symptoms are preceded by
collagen—proteoglycan matrix damage and elevated car-
tilage water content. Therefore, a sensitive technique for
detecting these structural and functional changes during
the early stages of osteoarthritis could be valuable for
identifying the need for early treatment, monitoring re-
sponse to treatment, and assessing efforts to prevent dis-
ease progression [2].

Magnetic resonance imaging (MRI) allows proper
visualization of all tissues involved in the process includ-
ing articular cartilage. In addition to qualitative or quan-
titative morphological assessment.

MRI-based techniques have been developed that allow
characterization and quantification of the biochemical
components of cartilage. These include relaxometry
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measurements (T2, T2 mapping, Tlrho mapping, and
T1), sodium imaging, delayed gadolinium-enhanced MRI
of cartilage (dGEMRIC), glycosaminoglycan-specific
chemical exchange saturation transfer (gagCEST),
diffusion-weighted imaging (DWI), and diffusion tensor
imaging (DTI). These compositional MRI techniques
may have the potential to serve as quantitative, reprodu-
cible, non-invasive, and objective endpoints for arthritic
changes, especially in early and pre-radiographic stages
of the disease

Nowadays, non-surgical and surgical techniques exist
with a goal to maintain and improve cartilage health and
based on clinical evaluation of pain symptoms and sub-
jective outcomes scoring. It appears that these preventa-
tive and repair strategies experience some success and
goals [2].

Cartilaginous knee lesions are a frequent condition in
young patients, can cause both pain and functional im-
pairment, and consequently osteoarthritis.

The identification of early cartilage degeneration in
symptomatic patients undergoing conventional standard
magnetic resonance (MR) imaging of the knee joint is
clinically important [3].

The macroscopic evaluation of cartilage repair accord-
ing to the International Cartilage Repair Society (ICRS)
classification (grade 0 normal, grade 1 nearly normal
(soft indentation and/or superficial fissures and cracks,
grade 2 abnormal (lesions extending down to <50% of
cartilage depth), grade 3 severely abnormal (cartilage de-
fects >50% of cartilage depth), grade 4 severely abnor-
mal (through the subchondral bone) was compared to
the MRI staging and showed accuracy for deep chondral
defects (accuracy superior to 90% for the grades III and
IV of the ICRS classification), but is less sensitive to the
biochemical changes associated with early OA for ICRS
grade I and II lesions. This means that morphological
MRI shows chondral damage at a stage when cartilage is
already irreversibly lost [4, 5].

In the early phase of osteoarthritis, elevated cartilage
T2 values as well as cartilage damage have been shown
to be associated with findings of pain.

It has also been hypothesized that a focal prolongation
of the cartilage T2 value could be linked to focal cartil-
age damage, as foci of increased T2-weighted signal in-
tensity are visible in such lesions on conventional T2
sequences [6, 7].

The conjunction of the anatomical and functional in-
formation may augment our ability to detect early cartil-
age degeneration and to differentiate between different
stages of degeneration [6, 8].

The purpose of this study is to evaluate the additional
value of T2 mapping over using a baseline standard knee
MRI to detect cartilage lesions of the medial compart-
ments in patients representing with medial knee pain.
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Methods
The current study is a prospective analysis that was con-
ducted during the period from June 2017 to June 2019,
to rule out the preciseness of using T2 mapping when
added to the conventional MRI protocol of the knee
joint for patients complaining of medial knee pain.

The ethics commission of our institution approved this
study and written informed consent for the present
study from all patients prior to enrollment was obtained.

Patients
The study includes 60 persons: 24 females and 36 males
with age range from 13 to 57 years old, divided into two
groups:

Sample study group A

This includes 40 patients complaining of medial knee
joint pain and not accurately diagnosed clinically to have
established osteoarthritis during the period of the study.

Control group B
This includes 20 normal volunteers not complaining of
knee joint pain.

Inclusion criteria

1. Medial knee pain of at least one-month duration
not clinically diagnosed to have established
osteoarthritis.

2. Normal radiographs for knee joint.

Exclusion criteria

1. DPatients with deformities, mal-alignment of the
lower extremity, knee injury within the previous
3 months.

2. History of knee surgery or arthroscopy was not
included in the study.

3. Patients contraindicated for MR], e.g., cardiac
pacemaker.

4. Overweight, more than 150 kg (cannot fit in the
MRI machine).

5. Patients suffering from claustrophobia.

All patients were submitted to the following

1. Demographic and clinical data collection including
patient’s name, age, residence, phone number,
complaint, duration of illness, and past history.

2. Clinical provisional diagnosis.

3. Imaging procedure.

As each patient had a single MRI examination includ-
ing conventional MR routine protocol and added a
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single complementary T2 mapping, 60 MRI examina-
tions and 60 corresponding complementary T2 mapping
were analyzed.

MRI study

MRI imaging technique

MR examinations were performed on a 1.5 T whole
body MR scanner (GE health care MAGNETOM Aera
1.5 T), using an eight-channel knee array coil. During
the MR-scan, patients will be in supine position, feet
first with full limb extension.

Patient preparation

Before the examination, patients were routinely ques-
tioned about any contraindication for MRI examination
and instructed to remove any metal objects.

Patient positioning:

Technically, T2 mapping sequence is easy to acquire and
does not require any knee re-positioning. The knee
flexion angle was aligned 15°, and a dedicated holder
was used to reduce motion artifacts at the time of
imaging.

Protocol of MR imaging: Table 1

Preliminary scout localizers in axial, coronal, and sagittal
planes were done. The axial images serve as a localizer
for prescribing the coronal and sagittal sections.

The coronal sections are graphically prescribed on an
axial image from the patella to the posterior surfaces of
the femoral condyles. The planes is oriented parallel to
the anterior/posterior surfaces of the femoral condyles.

The sagittal sections are graphically prescribed from
the lateral to the medial collateral ligament and aligned
parallel with the anterior cruciate ligament.

The coverage should include all the anterior, posterior,
medial, and lateral supporting structures of the knee. Su-
periorly, the distal aspects of the quadriceps tendon
should be included. The distal insertions of the patellar
tendon should be included inferiorly.

The standard knee protocol (sagittal proton density-fat
suppressed, coronal proton density-fat suppressed, axial

Table 1 MRI sequences used in the study
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T2-weighted image, sagittal T1-weighted image, and sa-
gittal T2-weighted image) was done.

Complementary sagittal and axial T2 maps were dis-
played by using the available software tools provided by
the MR scanner manufacturer.

Image interpretation and analysis

Firstly, the standard imaging planes of the knee were
evaluated with assessment of articular cartilage as intact
or thinned out. Thereafter, these standard planes were
evaluated together with T2 maps, and articular cartilage
was again assessed as of normal or elevated T2 signal in
terms of milliseconds.

The medial knee joint cartilage was assessed according
to the following regional compartments: 1—medial pa-
tellar, 2—medial trochlear, 3—central medial femoral,
4—peripheral medial femoral, 5—central medial tibial,
6—peripheral medial tibial.

An intact articular cartilage

o On conventional MRI was the one with uniform
thickness and bright hyper-intense signal on PDFS se-
quence (sagittal and axial) covering tibial, femoral, and
patellar articular surfaces. Figure la—c shows bright
hyper-intense signal of cartilage at medial (1a) and lat-
eral (1b) tibio-femoral condyles and patellofemoral (1c)
with uniform cartilage thickness (arrows).

o On T2 maps was the one with normal T2 values not
exceeding 40 ms delineated by color-coded map (red,
yellow, or green) represented on a color coded scale
with upper limit of 100 ms. Figure 1d—f shows normal
color-coded values of cartilage (superficial and deep
zones normal (red, yellow, or green)) at both medial
and lateral tibiofemoral condyles and patellofemoral.
ICRS grade 0-1 (arrows).

Affected articular cartilage

o On conventional MRI in early stages of osteoarthritis
appears in PDFS sequence as an area with non-uniform
thickness or of altered signal intensity.

Sequence TR (msec.) TE Fov Matrix Slice thickness
(msec.) (mm) (mm)

T2 sagittal 3000 875 290 x 290 208 x 205

T2 axial 3000 876 288 % 350 292 %180 4

T1 sagittal 435 93 260 % 216 263 x 171 3

PDFS sagittal 1549 29.2 240 x 240 240 190 3

PDFS coronal 1533 288 300 x 300 272 % 200 3

T2 maps sagittal 1780 6.0 290 % 290 208 x 205 3
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Fig. 1 Bright hyper-intense signal of cartilage at medial (a) and lateral (b) tibio-femoral condyles and patellofemoral (c) with uniform cartilage
thickness (arrows). d—f Normal color coded values of cartilage (superficial and deep zones normal (red, yellow, or green)) at both medial and

lateral tibiofemoral condyles and patellofemoral. ICRS grade 0-1 (arrows)

o On T2 maps in early osteoarthritis can be delineated
as it takes a certain color (aqua or blue) corresponding
to high T2 value on the color coded scale found in the
scanner software.

o The hyaline cartilage lesions (on T2 maps) were
graded according to an ICRS-like score (inspired by the
International Cartilage Research Society score) in each
anatomical compartment (medial femoro-tibial and
medial patello-femoral joints), the T2 value of the se-
verest lesion was the one considered.

o No degeneration: (grade 0—1): superficial and deep
zones normal (red, yellow, or green). Figure 2 shows
preserved bright hyper-intense signal of cartilage cover-
ing the lateral tibio-femoral condyle (arrow) (Fig. 2a)
and normal color-coded values of cartilage (superficial

and deep zones normal (red, yellow, or green)) covering
the lateral tibiofemoral condyle ICRS grade 0-1 (arrow)
(Fig. 2b).

o Grade 2 degeneration: superficial zone aqua and deep
zone is normal (red, yellow or green). Figure 3 shows
preserved bright hyperintense signal of cartilage
covering the medial tibiofemoral condyle with average
uniform cartilage thickness (arrow) (Fig. 3a), elevated
color-coded values of cartilage (superficial zone (aqua),
and deep zone is normal (red, yellow, or green)) cover-
ing the medial tibio-femoral condyle ICRS grade 2
(arrow) (Fig. 3b).

o Grade 3 degeneration: superficial zone aqua or blue
and deep zone aqua or blue with no associated bone
degeneration. Figure 4 shows decreased bright

Fig. 2 Preserved bright hyper-intense signal of cartilage covering the lateral tibio-femoral condyle (arrow) (a) and normal color-coded values of
cartilage (superficial and deep zones normal (red, yellow, or green)) covering the lateral tibiofemoral condyle ICRS grade 0-1(arrow) (b)
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Fig. 3 Preserved bright hyperintense signal of cartilage covering the medial tibiofemoral condyle with average uniform cartilage thickness (arrow)
(a). Elevated color-coded values of cartilage (superficial zone (aqua) and deep zone is normal (red, yellow, or green)) covering the medial tibio-
femoral condyle ICRS grade 2(arrow) (b)

Fig. 4 Decreased bright hyperintense signal of cartilage covering the medial tibiofemoral condyle with decreased cartilage thickness (arrow) (a).
Elevated color-coded values of cartilage (superficial zone aqua/blue and deep zone aqua/blue with no associated bone degeneration) covering
the medial tibiofemoral condyle ICRS grade 3 (arrow) (b)
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Fig. 5 Decreased bright hyperintense signal of cartilage covering the medial tibiofemoral condyle with denudation and decreased cartilage
thickness (star) (@), while on T2 mapping, elevated color-coded values of cartilage (superficial zone aqua/blue and deep zone aqua/blue with
associated bone degeneration) covering the medial tibio-femoral condyle ICRS grade 4 (arrow) (b)

hyperintense signal of cartilage covering the medial
tibiofemoral condyle with decreased cartilage thickness
(arrow) (Fig. 4a). Elevated color-coded values of cartil-
age (superficial zone aqua/blue and deep zone aqua/
blue with no associated bone degeneration) covering
the medial tibiofemoral condyle ICRS grade 3 (arrow)
(Fig. 4b).

o Grade 4 degeneration: superficial zone aqua or blue
and deep zone aqua or blue with associated bone
degeneration (Fig. 5). Decreased bright hyperintense
signal of cartilage covering the medial tibiofemoral
condyle with denudation and decreased cartilage
thickness (star) (Fig. 5a), while on T2 mapping,
elevated color-coded values of cartilage (superficial
zone aqua/blue and deep zone aqua/blue with associ-
ated bone degeneration) covering the medial tibio-
femoral condyle ICRS grade 4 (arrow) (Fig. 5b).

T2 mapping findings were compared to the initial
standard sequences.

® Any associated meniscal, ligamentous, muscular, or
bony abnormalities in the knee were reported.

Statistical analysis

Data was analyzed using SPSS win statistical package
version 21 (SPSS Inc., Chicago, IL). Numerical data were
expressed as mean and standard deviation or median
and range as appropriate. Qualitative data were
expressed as frequency and percentage. Chi-square test
(Fisher’s exact test) was used to examine the relation

between qualitative variables. For quantitative data, a
comparison between two groups was done using either
Student’s ¢ test or Mann-Whitney test (non-parametric ¢
test) as appropriate. A p value of less than 0.05 was con-
sidered significant. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of T2 mapping for deepening and confirming on
the diagnosis of articular cartilage early arthritic changes
according to different sites of assessment were
calculated.

Results

The included 60 patients 40 patients presenting with
pain and 20 without pain as control. All 60 cases per-
formed conventional MRI knee and complementary sa-
gittal and axial T2 mapping.

the study population were divided:

According to the T2 mappings findings at different
sites: medial patella (Table 2), medial trochlea (Table 3),
medial (peripheral and central) femoral (Table 4), medial
(peripheral and central) tibial (Table 5).

According to the p value, we declared that the signifi-
cance was postulated and declared at the medial femoral
showed distribution of central medial and peripheral
femoral degeneration according to ICRS degeneration
grades (Figs. 6 and 7) and tibial where distribution of
central and peripheral medial tibial degeneration accord-
ing to ICRS degeneration grades (Figs. 8 and 9) sites.

Table 2 Distribution of medial patellar degeneration according to ICRS degeneration grades

Pain group Control group p
Count % Count % value
Patella medial No degeneration-grade 1 24 60.0% 4 20.0% 0.070
Grade 2 degeneration 14 35.0% 16 80.0%
Grade 3 degeneration 2 5.0% 0 0%
Grade 4 degeneration 0 0% 0 0%
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Table 3 Distribution of medial trochlear degeneration according to ICRS degeneration grades
Pain group Control group p
Count % Count % value
Trochlea medial No degeneration-grade 1 18 45.0% 6 30.0% 0.664
Grade 2 degeneration 18 45.0% 10 50.0%
Grade 3 degeneration 4 10.0% 4 20.0%
Grade 4 degeneration 0 0% 0 0%

Discussion

Compositional MR imaging including T2 mapping play
an important role in the assessment of early and poten-
tially reversible cartilage damage [1, 9].

The main clinical application for T2 mapping involves
the detection of early cartilage damage prior to the onset
of symptoms and prior to detection using conventional
screening techniques [1, 10].

Combining the anatomical and functional information
may enhance our ability to detect early cartilage degen-
eration, and to distinguish between different stages of
degeneration [8].

T2 mapping has been used to describe the compos-
ition of hyaline articular cartilage in the knee joint on
the basis of collagen structure and hydration. Analyses
of T2 relaxation times in the knee have been performed,
usually at 1.5T or, more recently, 3.0 T, demonstrating
the ability to depict abnormalities before there is evident
morphologic change [1, 11].

The results of this study have the potential to deepen
our information about the role of compositional imaging
T2 mapping sequence in detection of stages of medial
knee compartments articular cartilage degeneration be-
yond the usage of descriptive statistics.

Sensitivity and specificity of conventional techniques,
and the absence of a defined threshold to classify OA,
have been criticized in previous studies. However, our
results show there may be more information.

Compared with other quantitative MRI techniques, T2
mapping has the advantage that it can be performed non-
invasively without the injection of contrast agents; also,
this sequence and its post-processing software are avail-
able in many commercial MRI scanner systems [11, 12].

In our study, the addition of a T2 mapping sequence
to a routine MR imaging protocol significantly increased
the sensitivity for detecting cartilage lesions within the
knee joint, with the greatest improvement occurring in
the identification of early cartilage degeneration. Our
low sensitivity for detecting early cartilage degeneration
by using the morphologic cartilage imaging sequences in
the routine MR protocol is similar to the findings of pre-
vious studies, which have reported sensitivity values for
detecting cartilage fibrillation and superficial partial-
thickness cartilage defects

The study showed significant differences in T2 map-
ping ability to detect degree of cartilage degeneration be-
tween the two study groups according to ICRS
degeneration grades in the weight-bearing regions of the
knee joint (medial patella and trochlea, peripheral medial
femoral and tibial, central and peripheral medial femoral
and tibial regions).

This agreed with Zhang, et al. [13] for the patellar ar-
ticular cartilage early changes as well as Apprich, et al
[14] for the medial femoral condyle, where T2 mapping
appears to be sensitive to early cartilage changes, but
also to the loading state of the joint. Even changes not

Table 4 Distribution of central and peripheral medial femoral degeneration according to ICRS degeneration grades

Pain group Control group p
Count % Count % value
Central medial femoral No degeneration—grade 1 4 10.0% 12 60.0% 0.007
Grade 2 degeneration 34 85.0% 8 40.0%
Grade 3 degeneration 0 0% 0 0%
Grade 4 degeneration 2 5.0% 0 0%
Peripheral medial femoral No degeneration-grade 1 28 70.0% 14 70.0% 0467
Grade 2 degeneration 12 30.0% 4 20.0%
Grade 3 degeneration 0 0% 10.0%
Grade 4 degeneration 0 0% 0 0%
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Table 5 Distribution of central and peripheral medial tibial degeneration according to ICRS degeneration grades

Pain group Control group p
Count % Count % value
Central medial tibial No degeneration-grade 1 24 60.0% 20 100.0% 0.029
Grade 2 degeneration 16 40.0% 0 0%
Grade 3 degeneration 0 0% 0 0%
Grade 4 degeneration 0 0% 0 0%
Peripheral medial tibial No degeneration 19 95.0% 10 100.0% 1
Grade 2 degeneration 2 5.0% 0 0%
Grade 3 degeneration 0 0% 0 0%
Grade 4 degeneration 0 0% 0 0%

yet visible in high-resolution MRI might be detectable
with quantitative T2 mapping.

Furthermore Hesper et al. [15], who reported that the
potential value of T2 mapping as a biomarker for early
cartilage degeneration is highlighted by its inclusion in
the MRI protocol for the early osteoarthritis.

Advanced quantitative MRI techniques such as T2
mapping are sensitive to subtle cartilage matrix alter-
ations that occur early in the course of OA and there-
fore, these imaging modalities have the potential to
provide biomarkers for disease onset and progression,
which could be a meaningful addition in the diagnosis
and follow-up of cartilage abnormalities [11, 15].

A study by Hesper et al. [15] concluded that “bio-
chemically sensitive” MRI techniques as T2 mapping are
able to add robust biomarkers for osteoarthritis onset
and progression with varying degrees of sensitivity and
specificity, and therefore could be meaningful assess-
ment tools for the diagnosis and follow-up of cartilage
abnormalities.

In our study, the age of presentation of the cases
ranged from 13 to 57 years old. Out of the 20/30 (66%)
cases presented by knee pain, 15% were anterior 35%
medial, 15% lateral, and 35% global. All cases underwent
conventional MRI with complementary T2 mapping
sequence

T2 mapping despite all the enumerated advantages, and
its contribution to enhancing cartilage status assessment,
is still in its infancy, as its values are based on several fac-
tors, including the biochemical status of the cartilage,
physics variables involved in obtaining the mapping, and
the physiology of the individual patient. So, the current lit-
erature still lacks clinical correlation [4].

A study by Mars, et al. and Zhang, et al. [10, 13] re-
ported that the potential clinical applications of quanti-
tative mapping are vast, but, before the clinical
community can take full advantage of this tool, it must
be automated, standardized, validated, and have proven
reproducibility prior to its implementation into the
standard clinical care routine.
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T2 mapping may provide the basis for diagnosis and
follow-up evaluation of cartilage injury and response to
cartilage treatment and repair. Once a set of standard-
ized protocols are developed and proposed, subsequent
studies are needed to determine specific values or distri-
bution of values, which are associated with healthy and
damaged cartilage [10, 13].

Pedoia et al. and Hesper et al. [12, 15] added that
much remains to be understood and certain points
have become apparent with the studies that are cru-
cial to the further applications of T2 mapping tech-
nique, also added that further studies are needed to
address protocol issues for this technique.

T2 mapping has proven to be a useful predictor of car-
tilage degeneration and repair tissue following surgical
intervention in the knee [10].

Surgical approaches to repair focal cartilage damage
were introduced several years ago and have shown
promising results, but long-term observation of any of
the repair techniques still have not been reported. The
most commonly applied techniques are microfracture,
osteochondral transfer, and autologous chondrocyte im-
plantation [9].

Limitations

The limitation of this study is the lack of histological in-
formation or arthroscopic correlation. Further investiga-
tions in larger patient groups with histologic correlation
would be beneficial in comparing T2 and T2 mapping
values. Also, studies in larger number of patients with
different age and activity levels are needed to quantify
correctly these biochemical mapping methods.
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Conclusion

On adding T2 mapping sequence to the routine MRI of
the knee, the sensitivity for detecting knee cartilage le-
sions was increased, especially in the detection of early
cartilage degeneration at the medial compartment.
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