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Abstract

Background: The diagnosis of early degeneration in the
knee cartilage in the patients underwent routine Magnetic
Resonance Imaging (MRI) is of clinical significant. T2 map-
ping of the knee hyaline cartilage is arapid technique for
quantitative and qualitative detection of the cartilage. T2
mapping of the cartilage is a quantitative procedure that
provides informative color mapping and quantitative detection
of the cartilage as morphology, water distribution and collagen
fiber volume.

Aim of Sudy: Was ng the value of adding T2
mapping sequence to aroutine MRI of the knee to evaluate
articular cartilage of the knee joint.

Patients and Methods: 50 patients with history of oste-
oarthritis or knee injuries (28 males and 22 females) with age
between 15-66 years (average age, 40.9 years) were included
in our study underwent MRI of the knee joint to assess the
ability of T2 mapping sequence in evaluation of the knee joint
articular cartilage.

Results: In this study we found that nine cases of increased
T2 relaxation time corresponding to normal-appearing cartilage
diagnosed by routine MRI. In this study, all lesions that were
visible on routine knee MRI were diagnosed by T2 mapping,
and some T2 lesions were not detected on the routine knee
MRI.

Conclusion: When T2 mapping sequence was added to
the routine MRI of the knee the sensitivity for detecting knee
cartilage lesions was increased, especially in the detection of
early cartilage degeneration.
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Introduction

OSTEOARTHRITIS of the knee joint isthe main
cause of disability and manifested by articular
cartilage degeneration. The pathology may be due
to acute trauma or sequel of degeneration [1,2].
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The diagnosis of early degeneration in the knee
cartilage in the patients underwent routine Magnetic
Resonance Imaging (MRI) is of clinical significant.
T2 mapping of the knee cartilage is arapid proce-
dure for quantitative and qualitative detection of
the cartilage. T2 mapping of the cartilageisa
quantitative procedure that provides informative
color mapping and quantitative detection of the
cartilage as morphology, water distribution and
collagen fiber volume [34] .

The articular cartilage can be assessed by many
imaging methods. Plain X-ray was used to detect
obvious damage of the cartilage, asloss of joint
space [5], but not image the cartilage directly.
Changes such as subchondral osteophytes can be
seen, but plain X-ray isinsensitive to early damage
of the cartilage. Arthrography is invasive technique
and provides limited information about surface of
the cartilage [6].

MRI isthe imaging modality of choice for the
assessment of knee articular cartilage due to high
contrast of soft-tissue. Imaging of the hyaline
cartilage damage provide morphological informa-
tion, such as cartilage defect and fissuring [7,9].

Assessment of the hyaline cartilage in patients
performed routine MRI of the knee joint was used
sequences that assess morphology of the cartilage
[9]. The relative low sensitivity in early cartilage
degeneration detection is considered main limitation
of cartilage imaging sequences [10] . Cartilage
Imaging sequences such as T2 mapping were used
to assess the knee hyaline cartilage [11].

Abbreviations:

MRI : Magnetic Resonance Imaging.
T2 :Timerelaxation.

O.A. : Osteoartheritis.
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Aim of the work:

The aim of this research was to assess the value
of adding T2 mapping sequence to aroutine knee
MRI to evaluate the articular cartilage.

Patients and Methods

Between June 2017 to May 2019, 50 patients
with history of osteoarthritis or kneeinjuries (28
males and 22 females) with age between 15-66
years (average age, 40.9 years) wereincluded in
this prospective study referred from Orthopedic
Department to Radiodiagnosis Department of Tanta
University Hospital.

Inclusion criteria: Patients with history of
osteoarthritis or knee injury were included in this

study.

Exclusion criteria: Patients with metallic im-
plants and those with known cardiac pacemaker
and claustrophobic patients were excluded from
this study.

Approval of Research Ethics Committee and
informed written consent from all cases before any
technique was mandatory. All patients were imaged
in GE Signa 1.5 tesla scanner using routine proto-
cols of the knee joint (proton-density-weighted
axial and sagittal, T2-weighted sagittal and coronal,
and T1-weighted coronal series) with added se-
quence T2 relaxation time to determine the patellar,
tibial and femoral cartilage morphological changes.

Image analysis:

MRI and T2 maps of the knee articular cartilage
were evaluated for any lesions. The lesions were
evaluated for their width and depth (one third,
two thirds, full thickness of the cartilage thickness),
and the value of T2 (20-40 millisecond, 40-60
millisecond, or 60-80 millisecond) based on visual
evaluation.

Satistical analysis:

Data were collected and entered to the computer
using SPSS (Statistical Package for Social Science)
program for statistical analysis. p (probability)
value was considered to be of statistical significance
if it islessthan 0.05. Accuracy was represented
using the terms sensitivity, specificity, positive
predictive value, negative predictive value and
overall accuracy. Arthroscopy was used as the
standard of reference.

Results

In this study, 50 patients with history of oste-
oarthritis or knee injuries (28 males and 22 females)

aged 15-66 years (average age, 40.9 years) were
included in this study as shown in (Table 1).

Table (1): Distribution of the patients according to the demo-

graphic data.
; Gender

Agein Number %
years Male Female

10-20 2 1 3 6
>20-30 8 2 10 20
>30-40 2 2 4 8
>40-50 3 5 8 16
>50-60 7 7 14 28
>60-70 6 5 11 22
Total 28 22 50 100

The patients underwent MRI of the knee joint
at our institution to evaluate the role of T2 mapping
sequence in assessment of the articular cartilage
of the knee joint. Early degenerative changes and
cartilage defects were successfully detected with
T2 mapping sequence as shown in (Table 2).

Table (2): Summary of MR imaging parameters.

. Coronal  Sagittal
Axial fat fat fat

saturated Sagittal
Parameter T2 ’H”Trgted ﬂ‘#gted T2
weighted weighted M2PPNd

FSE FSE

Repetitiontime 4300 2000 5300 1500
Echo time 77 20 22 27

Flip angle 90 degree 90 degree 90 degree 90 degree
Field of view 18cm l4cm 14cm 16cm
Section thickness 3mm 2mm 2mm 3mm
Imaging time 10min.  10min.  10min.  15min.

In this study, all lesions detected on routine
MRI of the knee, were diagnosed by T2 mapping,
the T2 lesions appeared wider and some T2 lesions
were not obvious on the routine MRI of the knee,
and thus T2 mapping is helpful in detecting the
cartilage lesions not obviousin routine MRI of the
knee as shown in (Tables 3,4).

Table (3): Sensitivity and specificity of MRI protocol with
T2 maps according to the articular surface.

Articular surface Sen(so/'zl)vny Spe&f);u ty
Patella 98 82
Medial condyle of femur 91 94
Lateral condyle of femur 84 95
Medial plateau of tibia 82 97
Lateral plateau of tibia 81 93
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Table (4): Sensitivity and specificity of MRI protocol with
T2 maps according to arthroscopic grade.

Arthroscopic grade Sen(s'o/to')V'ty Spegjl/(f); city
0 62 03
1A 68 91
1B % o
2A 92 81
28 9 87
3 100 88

T2 mapping showed important changesin the
cartilage below the defects. T2 mapping is helpful
in determining the accurate lesion size especially
in cartilage repair operations. No need for any
special preparation or intravenous contrast in T2
mapping examination.

(A)

©
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T2 mapping imaging was obtained at 1.5 tesla
machine and T2 maps were estimated. The T2
relaxation time mapping within 5 minutesin one
plane makes it reasonable and useful addition to
the routine MRI of the knee. Therefore, T2 mapping
images added useful information on cartilage le-
sions which seen in routine MRI of the knee and
may determine the accurate nature of the cartilage
lesion.

T2 mapping is extremely useful in the assess-
ment of cartilage functional potential and can be
used as a non-invasive technique to study the
cartilage morphology of the cartilage tissue. Car-
tilage T2 mapping of knee joint may give new
information that help in improving understanding
osteoarthritis pathophysiology as shown in Figs.
(1-5).

(B)

©)

Fig. (1): Male patient 45 year-old with knee pain showing cartilage defect at the postero-lateral aspect of lateral femoral condyle
with surface area of the defect measured about 30cm 2 (A). T2 mapping curve confirmed by color mapping showed T2
relaxation time measured 74m sec matching with early grade |11 cartilaginous lesion (B, C) the associated histogram
curve showing drop of the curve at the site of defect in comparison to normal (D).



1092

T2 Mapping Sequence in the Assessment of Articular Cartilage of Knee Joint

Fig. (2): Female patient
49 year-old with knee pain
showing cartilage defect at
the antero-lateral aspect of
lateral tibial condyle with sur-
face area of the defect meas-
ured about 15cm?® (A). T2
mapping curve confirmed by
color mapping showed T2 re-
laxation time measured 54m
sec matching with grade 11
cartilaginous lesion (B, C) the
associated histogram curve
showing drop of the curve at
the site of defect in compari-
son to normal (D).

Fig. (3): Male patient 55
year-old with knee pain show-
ing cartilage defect at the me-
dial aspect of patellar carti-
lage with surface area of the
defect measured about 1 Ocm
(A). T2 mapping curve con-
firmed by color mapping
showed T2 relaxation time
measured 24m sec matching
with grade | cartilaginous le-
sion (B, C) the associated his-
togram curve showing drop
of the curve at the site of de-
fect in comparison to normal

(D).
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Fig. (4): Female patient 63
year-old with knee pain showing
cartilage defect at the antero-medial
aspect of medial femoral condyle
with surface area of the defect
measured about 12cm?® (A). T2
mapping curve confirmed by color
mapping showed T2 relaxation time
measured 34m sec matching with
grade | cartilaginouslesion (B, C)
the associated histogram curve
showing drop of the curve at the
site of defect in comparison to nor-
mal (D).

Fig. (5): Male patient 65 year-
old with knee pain showing carti-
lage defect at the postero-lateral
aspect of medial femoral condyle
with surface area of the defect
measured about 20cm?® (A). T2
mapping curve confirmed by color
mapping showed T2 relaxation time
measured 56m sec matching with
grade I cartilaginous lesion (B, C)
the associated histogram curve
showing drop of the curve at the
site of defect in comparison to nor-
mal (D).
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Discussion

Early osteoarthritic changes induce changes of
the collagen network within the cartilage, and thus
leading to increased water mobility and water
content. Cartilage T2 relaxation time measurements
reflect these pathophysiological changes [12-14] .

T2 relaxation time was increased in cartilage
degeneration due to increased water content and
collagen matrix disruption [15,16] . The increased
T2 relaxation time was detected as areas of high
signal intensity within the articular cartilage on
T2-weighted images [17] .

In this study, the addition of T2 mapping se-
quence to routine MRI of the knee significantly
increased the sensitivity for detecting cartilage
lesions within the knee joint, with improved detec-
tion of early cartilage degeneration. The low sen-
sitivity for detecting early cartilage degeneration
by using the the routine MRI of the knee was 62%
and thiswas similar to the findings of Kijowski et
al., Liesset a., and Goodwin et al., [18-20] which
had reported the sensitivity for detecting cartilage
lesion and cartilage defects ranging from 9% to
62% at both 1.5T and 3.0T.

In this study we found that nine cases of in-
creased T2 relaxation time corresponded to normal -
appearing cartilage in routine MRI of knee, and
thisin agreement with Hannila et a., [21] who
evaluating patellar cartilage in 20 patients and
found that eight areas of increased T2 relaxation
time corresponded to normal-appearing cartilage
in routine knee MRI. Apprich et al., [22] compared
the articular cartilage of the medial femoral condyle
in 43 patients by using T2 mapping sequence and
routine MRI and found a significant association
between the T2 relaxation time and the morphologic
grade of the cartilage lesion.

Conclusion:

In conclusion, when T2 mapping sequence was
added to the routine MRI of the knee the sensitivity
for detecting knee cartilage lesions was increased,
especially in the detection of early cartilage degen-
eration.
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