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Abstract

Objective To establish baseline T2* values in healthy knee
joint cartilage at 3 T.

Materials and Methods Thirty-four volunteers (mean age:
24.6+2.7 years) with no history or clinical findings indicative
of any knee joint disease were enrolled. The protocol included
a double-echo steady-state (DESS) sequence for morpholog-
ical cartilage evaluation and a gradient-echo multi-echo se-
quence for T2* assessment. Bulk and zonal T2* values were
assessed in eight regions: posterior lateral femoral condyle;
central lateral femoral condyle; trochlea; patella; lateral tibial
plateau; posterior medial femoral condyle; central medial
femoral condyle; and medial tibial plateau. Statistical evalua-
tion comprised a two-tailed ¢ test and a one-way analysis of
variance to identify zonal and regional differences.

Results T2* mapping revealed higher T2* values in the su-
perficial zone in all regions (P values<0.001) except for the
posterior medial femur condyle (P=0.087), and substantial
regional differences demonstrating superior values in trochle-
ar cartilage, intermediate values in patellar and central femoral
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condylar cartilage, and low T2* values in posterior femoral
condylar cartilage and tibial plateau cartilage.

Conclusion Substantial regional differences in T2* measures
should be taken into consideration when conducting T2*
mapping of knee joint cartilage.
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Cartilage - Knee - Normative data

Introduction

Osteoarthritis (OA), which is characterized by structural and
biochemical cartilage abnormalities, may eventually become
symptomatically and functionally debilitating [1]. Therefore,
with hope and expectations for early intervention, there is a
growing interest in reliable biomarkers sensitive to these
structural and biochemical changes at the various stages of
the disease [2].

Biochemically sensitive magnetic resonance imaging
(MRI) techniques, such as delayed gadolinium-enhanced
MRI (dGEMRIC) and T2/T2* mapping, that are sensitive to
alterations in the collagen fiber network, water content, and
glycosaminoglycan (GAG) content, which occur early in the
course of OA, have the potential to provide robust biomarkers
for disease onset and progression, and therefore, may be
meaningful assessment tools for the diagnosis, treatment,
and follow-up of cartilage abnormalities [3].

Similar to the T2 mapping technique, T2* mapping reflects
water content and interactions between water molecules and
collagen fibers in which high T2 or T2* values are indicators
of a high water content with superior water molecule mobility.
Therefore, in healthy articular cartilage, there is a decrease in
the T2 and T2* values towards the deep cartilage zones, where
the uniform perpendicular collagen fiber orientation and high
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glycosaminoglycan content promote water molecule restric-
tion and T2 decay [4]. In keeping with this characteristic
feature, T2* mapping may be treated as a valuable instrument
for visualizing the physiological anisotropy of articular carti-
lage and cartilage repair tissue [5—7].

Although several in vitro and in vivo studies have confirmed
the potential of T2* mapping for assessing articular cartilage
[5-17], the spectrum of normative T2* values in various re-
gions of the knee joint, which is critical for differentiating
between “normal” and “abnormal”, has not been investigated.

The purpose of this prospective study was to obtain baseline
T2* values of healthy knee joint cartilage at 3 T. Therefore, we
performed a cross-sectional analysis with a cohort of healthy,
asymptomatic, young adult volunteers with no suspected carti-
lage abnormalities. Furthermore, to explore if there were zonal
and regional differences in the T2* values due to topographical
variations in MRI parameters or biochemical composition, a
region of interest (ROI) analysis was conducted.

Materials and methods

This study was performed in compliance with the regulations
of the local ethics committee and institutional review board
approval was obtained prior to the study.

Study population

Thirty-five healthy asymptomatic volunteers with no history
or clinical findings indicative of any knee joint disorder were
enrolled in this study. The study population included 22 men
and 13 women with a mean age of 24.5+2.6 years (range: 21—
31 years). Subjects older than 35 years of age and those who
were engaged in high level sports were not included in this
study to reduce the age effects [18] and the confounding
selection bias of undiagnosed cartilage damage in these cases.
The nature of the procedure was thoroughly explained and all
participants provided written informed consent prior to partic-
ipation. Furthermore, all participants were instructed to adhere
to normal physical activity levels on the day of the MRI.
Demographic data of the participants, including age, height,
and weight were collected on the day of imaging and all
volunteers were screened for the exclusion criteria. Subjects
were randomized for MRI of either of the knees. Thus, 18
right and 17 left knees were imaged. Collection of clinical
findings and volunteer history was supervised by an orthope-
dic consultant with 8 years of experience in knee joint surgery.

Because MRI was conducted on a clinical scanner that was
used for busy daily routine scanning, the majority of study
participants underwent imaging at weekends in a consecutive
fashion. Therefore, this study did not allow controlling for
potential diurnal variation in the characteristics of articular
cartilage [19].
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Magnetic resonance imaging

Magnetic resonance imaging was performed with a 3-T scan-
ner (Magnetom Trio; Siemens Medical Solutions, Erlangen,
Germany) using an eight-channel transmit/receive knee array
coil (In Vivo, Gainesville, FL, USA). All subjects were ex-
amined in the supine position with the knee joint in neutral
rotation and extended in the center of the coil. The knee joint
was carefully stabilized by sponges and adjustable straps to
avoid motion artifacts.

The MRI protocol included a three-dimensional (3D)
double-echo steady-state (DESS) sequence with water excita-
tion for morphological cartilage assessment and a 3D multi-
echo data image combination (MEDIC) sequence using six
consecutive echoes for T2* mapping. T2* mapping was per-
formed after~30 min of rest to minimize the effects of preced-
ing physical activities on MR relaxation times of cartilage [20].

Both DESS and MEDIC delivered isotropic high-
resolution 3D image data sets that facilitated retrospective
high-quality multi-planar reformatting (MPR). Sequence set-
ting and subsequent data analysis were specifically adjusted
for superior cartilage image quality with high cartilage con-
trast to warrant optimal cartilage delineation rather than eval-
uation of multiple articular structures and features relevant to
knee joint impairment and knee OA, which necessitates fur-
ther pulse sequences in coronal, sagittal, and axial planes [21,
22]. Details on the imaging parameters used in this study are
provided in Table 1.

Image analysis

The T2* maps were derived using an inline processing pack-
age (SyngoMaplt, Siemens Medical Solutions, Erlangen,

Table 1 Imaging parameters of the three-dimensional (3D) double-echo
steady-state (DESS) and 3D multi-echo data image combination (MED-
IC) sequence. The sequence setting was adjusted to warrant high-quality
multi-planar reformatting with superior cartilage image quality and high
cartilage contrast for optimal cartilage delineation

3D DESS
Water excitation

3D MEDIC
Inline T2* mapping

TR (repetition time, ms) 14.20 43

TE (echo time, ms) 5.00 5.37,11.35, 15.35,
21.22,27.09, 32.96

FA (flip angle, °) 25 25

NEX (number of excitation) 1 1

FOV (field of view, mm?) 150 193

Slice thickness (mm) 0.6 0.6

In-plane resolution (mm) 0.6x0.6 0.6x0.6

Slice gap (mm) 0.2 02

Bandwith (Hz/pixel) 250 260

TA (acquisition time, min) 7.33 15.15
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Germany), which employs a non-linear least-squares curve-
fitting algorithm. Image analysis was performed with a
Leonardo® workstation (Siemens Medical Solutions,
Erlangen, Germany).

From each 3D data set, sagittal reformats with a slice
thickness of 1 mm parallel to the long axis of the femoral
diaphysis and perpendicular to a line tangent to the posterior
cortices of the femoral condyles were generated by using
MPR (Figs. 1,2). The reformats obtained were evaluated for
any knee joint abnormality and artifacts. Of those, mid-sagittal
reformats through the medial and lateral tibiofemoral joints
and through the femoropatellar joint, which displayed the
largest amount of cartilage in these regions, were selected to
assess the medial, lateral, and patellofemoral compartments of
each knee. This enabled us to assess knee joint cartilage of
various regions in a large sample size within a reasonable
amount of time with reasonable accuracy.

As performed previously [23, 24], knee joint cartilage was
assessed in eight regions:

1. Posterior lateral femoral condyle
2. Central lateral femoral condyle
3. Trochlea

Patella

Lateral tibial plateau

Posterior medial femoral condyle
Central medial femoral condyle
Medial tibial plateau (Fig. 3).

® =Nk

Bulk (full-thickness) and zonal (the zone adjacent to the
subchondral bone is thedeep zone and the zone adjacent to the
articular surface is the superficial zone) T2* values (in milli-
seconds, ms) were then obtained in these cartilage regions by
undertaking an ROI analysis (Figs. 4, 5). Each ROI was
defined by multiple marker points that facilitated accurate
T2* assessment even in curved cartilage regions, keeping
volume averaging at both the cartilage/bone interface and
the cartilage/fluid interface at a minimum.

The morphological cartilage evaluation was performed by
two musculoskeletal radiologists with 7 and 12 years of ex-
perience to identify and exclude knee joints with morpholog-
ically evident cartilage damage. The T2* data collection was
performed by two orthopedic surgeons with a special interest
in biochemical imaging and 7 years of segmenting experience.
One of these observers performed the T2* mapping in all

Fig. 1 Three-dimensional (3D) double-echo steady-state (DESS) evaluation and compilation of sagittal reformats using integrated multi-planar

reformatting software
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Fig. 2 Three-dimensional (3D) color-coded T2* mapping and compilation of sagittal T2* reformats using integrated multi-planar reformatting software

subjects, while (for purposes of intra- and inter-reader reliabil-
ity assessment for T2* analysis of knee joint cartilage) both
observers repeated the T2* mapping in designated reformats
in ten randomly selected knee joints. Both these observers

Posterior
Lateral Femora)
Condyle

~

Central Lateral
Femoral Condyle

/ Lateral Tibial

Plateau

were blinded to each other’s interpretations and observer 1
was specifically blinded to his first set of observations. The
two sets of readings for observer 1 were performed more than

4 weeks apart.

Posterior
Medial Femoral
Co ndyle

Central Medial
Femoral Condyle

/

Medial Tibial
Plateau

Fig. 3 Cartilage regions of interest representing a the patellofemoral and
lateral tibiofemoral joint and b the medial tibiofemoral joint. The anterior
and posterior margins of the menisci were used as landmarks in which the
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anterior margin of the meniscus separated the trochlea from the central
femoral cartilage and the posterior margin of the meniscus separated the
central femoral cartilage from the posterior femoral condyle
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Fig. 4 Bulk cartilage T2* relaxation time assessment by means of region
of interest (ROI) analysis in a DESS and b corresponding color-coded
T2* reformats. Each ROI was defined by multiple marker points for
accurate T2* assessment even in curved cartilage regions, keeping

Statistical analyses

In this study, IBM SPSS software (version 21.0; IBM Corp.,
Armonk, NY, USA) was used for statistical analyses. T2*
values for different zones and regions of knee joint cartilage
are reported as mean=standard deviations (SDs). A two-tailed
t test was used to identify zonal differences in the T2* values,
while regional differences (bulk T2* values) were assessed
pair-wise using a one-way analysis of variance (ANOVA)
with Bonferroni correction for multiple comparisons. Intra-
and inter-observer agreement was calculated by intra-class
correlation (ICC) analysis (pair-wise correlation, absolute
agreement). P values below 0.05 were considered to be statis-
tically significant.

volume averaging and chemical shift artifacts at both the cartilage/bone
interface and the cartilage/fluid interface at a minimum. The DESS
reformats served as a reference for accurate placement of the ROI squares
within the cartilage

Results

Double-echo steady-state imaging and T2* relaxation time
mapping for knee joint cartilage assessment was successfully
performed in all 35 volunteers. One volunteer was excluded
from further analysis as morphological cartilage assessment
revealed evident cartilage damage in this participant, although
he was clinically asymptomatic (Fig. 6). Therefore, a total of
816 ROIs (34 volunteers, 8 regions per joint, 3 zones [super-
ficial, deep, and bulk] per region) underwent assessment. The
mean size of these ROIs was 0.54+0.25 cm? (148+68 pixels),
ranging from 0.11 cm? (30 pixels) to 1.74 cm? (480 pixels).
Region of interest (ROI) analysis revealed higher T2*
values in the superficial cartilage zones compared with those

Fig. 5 Zonal cartilage T2* relaxation time assessment by means of region of interest (ROI) analysis in corresponding a DESS and b color-coded T2*

reformats
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Fig. 6 a, b Double-echo steady-state (DESS) and corresponding color-
coded T2* reformats revealing a focal full-thickness retropatellar carti-
lage lesion (white arrows) in one asymptomatic volunteer. ¢, d Adjacent

in the deep zones, which were, except for the posterior medial
femoral condyle (P value=0.087), statistically significant in
all regions (P values<0.001; Table 2). There were also sub-
stantial regional differences in the T2* measurements, dem-
onstrating superior values in trochlear cartilage, intermediate
values in patellar and central femoral condylar cartilage, and
low values in posterior femoral condylar cartilage and tibial
plateau cartilage (Fig. 7). Notably, T2* values in the central
femoral condylar cartilage regions were higher than those in
the posterior femoral condylar cartilage regions, whereas car-
tilage T2* values in the medial and lateral knee joint compart-
ments were similar (Table 3). ICC analysis proved high intra-
reader reliability (ICC value=0.934, Pvalue<0.001) and high
inter-reader reliability (ICC=0.886, P value<0.001) for the
T2* analysis in this study.

@ Springer

cartilage irregularities are clearly depicted on the T2* image while signal
changes demonstrated on the DESS image are fairly undefined

Discussion

This cross-sectional study of knee joint cartilage of asymp-
tomatic young adult volunteers with no obvious clinical and
imaging suspicion of cartilage abnormalities revealed a spatial
distribution of cartilage T2* that has to be taken into consid-
eration when conducting T2* mapping of knee joint cartilage,
because changes in T2* values may be related to cartilage
damage or physiological variations in the intrinsic cartilage
structure.

Several studies utilizing T2* mapping in the evaluation of
articular cartilage have been published [5—17]. As far as the
evaluation of healthy knee joint cartilage is concerned, five
previously reported studies do provide substantial contribu-
tions [5-7, 15, 16]. In a study on three T2 phantoms with
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Table 2 Mean T2* values+standard deviations (SDs), T2* value ranges,
and 95 % confidence intervals (CI) of superficial and deep cartilage zones

in various regions of the knee joint. The paired ¢ test revealed zonal

differences in the T2* values in all knee joint regions except for the
posterior medial femoral condyle (PMFC; P value=0.087)

Region Zone Mean T2*£SD (ms) T2* range (ms) 95 % CI Pvalue

CLFC Superficial 33.8+4.6 25.149.1 32.2-354 <0.001
Deep 272438 20.5-38.2 25.9-28.5

PLFC Superficial 26.2+2.9 20.2-34.3 252272 0.001
Deep 23.9+2.6 20.0-31.7 23.0-24.8

LTP Superficial 25.9+3.8 21.0-40.0 24.6-27.3 <0.001
Deep 21.4+29 17.5-28.1 20.3-22.4

Patella Superficial 31.4+4.1 24.0-40.0 30.0-32.8 <0.001
Deep 253+3.4 20.4-34.3 24.1-26.4

Trochlea Superficial 36.6+3.1 30.941.2 35.5-37.7 <0.001
Deep 29.3+3.0 24.1-35.6 28.2-30.3

CMFC Superficial 31.1£5.6 21.4-39.6 29.1-33.0 <0.001
Deep 25.5+3.5 18.7-34.1 24.3-26.7

PMFC Superficial 25.9+34 20.2-35.4 24.7-27.0 0.087
Deep 244435 18.6-33.6 23.2-25.6

MTP Superficial 25.844.0 19.4-32.5 24.4-272 <0.001
Deep 222432 17.1-29.7 21.1-233

CLFC central lateral femoral condyle, PLF'C posterior lateral femoral condyle, LTP lateral tibial plateau, CMFC central medial femoral condyle, PMFC
posterior medial femoral condyle, MTP medial tibial plateau

altered T2 values and 10 healthy knee joints at 3 T, Pai et al.
evaluated a T2* mapping technique based on 3D spoiled

gradient recalled (SPGR) acquisition and compared the results ~ 28.3+3.5 ms).

with currently available two-dimensional sequences [16]. In
their sample of 10 healthy volunteers, a mean bulk T2* value

T2* in ms

of 31.6+4.5 ms for patellar cartilage was noted, which is
similar to our results in the patellar region (mean T2* value:

In a feasibility study on in vivo dGEMRIC, T2 and T2*
relaxation measurements at 7 T that included 12 healthy

40,0

30,0

20,0

10,0

0,0 -

T
Central Posterior Lateral Patella Trochlea Central
Lateral Lateral Tibial Medial
Femoral Femoral Plateau Femoral

Condyle Condyle

Condyle

Zone

Hsuperficial
Cpeep
HBulk

Posterior Medial Tibial
Medial Plateau

Femoral

Condyle

Fig.7 Bar diagram demonstrating the T2* distribution+standard deviation (in milliseconds) in various regions and zones of normal knee joint cartilage
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Table 3 Full-thickness (bulk) cartilage mean T2* values+standard de-
viations (SDs) for different regions of the knee joint and pair-wise
comparisons using a one-way analysis of variance (ANOVA) with
Bonferroni correction for multiple comparisons, revealing substantial
regional differences in the T2* measurements

Region 1 Bulk mean Region2  Bulk mean Pvalue
T2*£SD (ms) T2*£SD (ms)
CLFC 30.5+£3.8 PLFC 25.1+£2.6 <0.001
LTP 23.743.1 <0.001
Patella 28.3+3.5 0.222
Trochlea 33.0+2.7 0.098
CMFC 28.3+4.4 0.196
PMFC 252+3.3 <0.001
MTP 24.0+3.4 <0.001
PLFC 25.1+£2.6 LTP 23.7+3.1 1.000
Patella 283+3.5 0.003
Trochlea 33.0£2.7 <0.001
CMFC 28.3+4.4 0.003
PMFC 252433 1.000
MTP 24.0+3.4 1.000
LTP 23.7+3.1 Patella 28.3+3.5 <0.001
Trochlea 33.0+£2.7 <0.001
CMFC 283+4.4 <0.001
PMFC 252433 1.000
MTP 24.0+3.4 1.000
Patella 28.3+3.5 Trochlea 33.0+2.7 <0.001
CMFC 28.3+4.4 1.000
PMFC 252433 0.004
MTP 24.0+3.4 <0.001
Trochlea 33.0+2.7 CMFC 28.3+4.4 <0.001
PMFC 252433 <0.001
MTP 24.0+3.4 <0.001
CMFC 28.3+4.4 PMFC 252433 0.005
MTP 24.0+3.4 <0.001
PMFC 252433 MTP 24.0+3.4 1.000

CLFC central lateral femoral condyle, PLFC posterior lateral femoral
condyle, LTPlateral tibial plateau, CMFC central medial femoral condyle,
PMFC posterior medial femoral condyle, MTP medial tibial plateau

volunteers (mean age 26.7+3.4 years) and 4 patients (mean
age 38.0+14.0 years), Welsch et al. observed similar T2*
values for healthy femoral and patellar cartilage (mean T2*
value: 19.7+6.4 ms versus 19.6+5.2 ms), but lower values for
tibial cartilage (mean T2* value: 16.6+5.6 ms) [6].
Furthermore, all healthy cartilage regions revealed a
significant increase from deep to superficial cartilage
(P value<0.001). Our findings closely reflect their obser-
vations, with higher T2* values in femoral condyle cartilage
compared with T2* values in tibial plateau cartilage, and
higher values at the superior cartilage zones.

The same study group also reported cartilage T2 and T2*
mapping at 3 T after matrix-associated autologous
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chondrocyte transplantation (MACT) treatment of middle to
large full-thickness cartilage defects located on the femoral
condyle in 30 patients (mean age 34.6+£9.9 years) [7]. ROI
analysis was performed for full-thickness and for deep and
superficial aspects of the cartilage repair tissue. Ipsilateral
cartilage sites with morphologically normal cartilage were
used as internal controls. In this study, the mean T2* value
for control cartilage was significantly higher than that of repair
cartilage (mean T2* value: 30.9+£6.6 ms versus 24.5+8.1 ms,
P value<0.001). Notably, the zonal stratification (lower T2/
T2* values at the deep zone) was higher for the T2* param-
eter, which can be related to the additional contribution of
microscopic susceptibility fields at the cartilage/bone inter-
face. The T2* values in the study by Welsch et al. closely
resemble our results in weight-bearing femoral cartilage.
However, the risk of confounding bias because of potentially
undiagnosed cartilage damage has to be considered in this
study sample of patients.

Mamisch et al., who performed T2 and T2* mapping in
weight-bearing femoral condylar cartilage of 15 healthy vol-
unteers (mean age 27.4+4.9 years) and 15 patients (mean age
39.6+13.7 years) after micro-fracture (MFX) therapy at 3 T,
noted a significant correlation between the two relaxation
measures (Pearson coefficient=0.828, P value<0.001) and a
zonal dependency with higher T2 and T2* values in the
superior cartilage zone in the control group of healthy volun-
teers [5]. In contrast, no spatial variation was observed for
cartilage repair tissue after MFX. The reported full-thickness
T2* values (mean T2* value 22.6+3.8 ms) for femoral con-
dylar cartilage were substantially lower in their study com-
pared with corresponding T2* values in our study. Differences
in the time span between unloading and T2* mapping are a
possible cause of this discrepancy. However, this aspect is not
elucidated in the report by Mamisch et al. [5].

Newbould et al. have reported their observations on repro-
ducibility and cross-sectional differences in T2* mapping of
knee joint cartilage at 3 T in 33 patients with OA and 21
asymptomatic age-matched controls [15]. In their study, the
high reproducibility of T2* mapping of knee joint cartilage
was confirmed in 13 OA patients (mean age 64.4+10.3 years)
and 5 asymptomatic controls (mean age: 61.6+8.7 years).
Twenty OA patients (mean age 63.5+£9.2 years) and 16 con-
trols (mean age 61.3+£6.9 years) were included in the cross-
sectional analysis. ROI analysis was performed in various
regions through the knee joint, including medial and lateral
femoral cartilage, medial and lateral tibial cartilage, and pa-
tellar cartilage. Similar to our observations, regional T2*
alterations in control cartilage (example: higher values in
patellar cartilage [mean T2* value 25.3+1.88 ms] than those
in medial tibial cartilage [mean T2* value 17.1£1.13 ms])
were noted. However, the control T2* values in this study
were derived from age-matched asymptomatic subjects in
their 60s, with some inadvertent possibility of cartilage
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degeneration. High Kellgren—Lawrence scores [25] indicative
of joint space narrowing point toward this explanation.
Therefore, these values may not be used as a reference for
healthy cartilage.

This study has its limitations. We did not control for loading
conditions and diurnal variations in articular cartilage.
Therefore, a certain degree of inconsistency in the T2* mea-
surements must be taken into account as physiological loading
can alter T2* relaxation times for articular cartilage (example:
decrease in T2* due to the exudation of water from cartilage
and derangement of the collagen fiber network under compres-
sion) [26]. This also applies for the magic angle effect that is
characterized by increasing T2* values as the collagen fibers
approach an angle of~55° to the main magnetic field [27]. On
the other hand, the methodology applied in this study closely
reflects the circumstances in daily clinical routine, and hence,
we believe that these normative data on T2* for knee joint
cartilage are robust and clinically relevant. Furthermore, having
assessed the same regions in each individual under standard
conditions, the influence of the magic angle effect on the T2*
values in articular cartilage is likely uniform for all subjects.

Image generation and image segmentation for undertaking
ROI analyses in this study were performed manually, which is
certainly operator-dependent and time-consuming. Automated
image registration systems may be useful, in particular, in
longitudinal/follow-up studies to compare cartilage T2* values
at different time points. Notably, in this work ROI analysis took
about 20 min per knee and proved to be reliable. In this study,
the cartilage T2* was assessed in only one mid-sagittal refor-
mat per knee joint compartment that included the area with the
thickest cartilage in these regions. As demonstrated in previous
studies [28-30], this method bears the risk of confounding
selection bias related to an heterogeneous cartilage T2* distri-
bution within these compartments. The rationale for our meth-
odology was based on the high prevalence of cartilage damage
in these main load-bearing regions and the intention to assess
knee joint cartilage of various regions in a reasonable amount
of time with equitable accuracy.

Our study sample was relatively small. This may have led
to statistical power issues in some parts of this comparative
study (example: trend of higher T2* values in the superficial
zone compared with the deep zone for the posterior medial
femoral condyle, which was borderline non-significant, P
value=0.087). Another limitation is that only young adults
were enrolled in this study to keep age effects and the risk of
undiagnosed cartilage damage to a minimum. Although we
believe that this age group would obtain the greatest benefit
from early cartilage damage diagnosis and corresponding
intervention, the T2* values obtained in this study may not
be representative for an older control group.

This study lacks surgical or histological confirmation of the
cartilage status, which obviously cannot be performed for
ethical reasons. Thus, it is possible that we have missed

regions with cartilage degeneration, which could explain the
outliers of T2* in this study.

Finally, there is also a theoretical possibility of variations in
reference values based on the MRI scanner or sequence,
which needs to be considered while using this information
as normative data.

In conclusion, this study noted substantial regional differ-
ences in T2* values while mapping knee joint cartilage in
asymptomatic healthy young adults. These regional differ-
ences (either based on physiological variations or functional
demand) not only provide normative data for longitudinal
studies but may have relevance for therapeutic strategies in
various clinical scenarios.
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