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The degeneration and destruction of femoral articular cartilage shows
a greater degree of deterioration than that of the tibial and patellar
articular cartilage in early stage knee osteoarthritis: a cross-sectional
study

S. Hada y, H. Kaneko y, R. Sadatsuki y, L. Liu y z, I. Futami y, M. Kinoshita y, A. Yusup y,
Y. Saita z, Y. Takazawa z, H. Ikeda z, K. Kaneko y z, M. Ishijima y z *

y Department of Medicine for Orthopaedics and Motor Organ, Juntendo University Graduate School of Medicine, Tokyo, Japan
z Sportology Center, Juntendo University Graduate School of Medicine, Tokyo, Japan
a r t i c l e i n f o

Article history:
Received 5 February 2014
Accepted 24 July 2014

Keywords:
Knee osteoarthritis
Magnetic resonance imaging (MRI)
T2 mapping
Whole Organ Magnetic Resonance Imaging
Score (WORMS)
Cartilage lesion
Osteophyte
* Address correspondence and reprint requests to
Medicine for Orthopaedics and Motor Organ, Juntend
of Medicine, 2-1-1, Hongo, Bunkyo-ku, Tokyo 113-842
Fax: 81-3-3813-3428.

E-mail addresses: shada@juntendo.ac.jp (S. Had
(H. Kaneko), rsadatsu@juntendo.ac.jp (R. Sadats
(L. Liu), ippei@juntendo.ac.jp (I. Futami), mayukok@j
anwarjan108@yahoo.com (A. Yusup), saita0617@hotm
juntendo.ac.jp (Y. Takazawa), hrikeda@juntendo.ac
juntendo.ac.jp (K. Kaneko), ishijima@juntendo.ac.jp (M

http://dx.doi.org/10.1016/j.joca.2014.07.021
1063-4584/© 2014 Osteoarthritis Research Society In
s u m m a r y

Objective: The aim of the present study was to examine whether the degenerative and morphological
changes of articular cartilage in early stage knee osteoarthritis (OA) occurred equally for both femoral-
and tibial- or patellar- articular cartilage using magnetic resonance imaging (MRI)-based analyses.
Design: This cross-sectional study was approved by the ethics committee of our university. Fifty patients
with early stage painful knee OA were enrolled. The patients underwent 3.0 T MRI on the affected knee
joint. Healthy volunteers who did not show MRI-based OA changes were also recruited as controls
(n ¼ 19). The degenerative changes of the articular cartilage were quantified by a T2 mapping analysis,
and any structural changes were conducted using Whole Organ Magnetic Resonance Imaging Score
(WORMS) technique.
Results: All patients showed MRI-detected OA morphological changes. The T2 values of femoral condyle
(FC) (P < 0.0001) and groove (P ¼ 0.0001) in patients with early stage knee OA were significantly
increased in comparison to those in the control, while no significant differences in the T2 values of
patellar and tibial plateau (TP) were observed between the patients and the control. The WORMS
cartilage and osteophyte scores of the femoral articular cartilage were significantly higher than those in
the patellar- (P ¼ 0.001 and P ¼ 0.007, respectively) and tibial- (P ¼ 0.0001 and P < 0.0001, respectively)
articular cartilage in the patients with early stage knee OA.
Conclusions: The degradation and destruction of the femoral articular cartilage demonstrated a greater
degree of deterioration than those of the tibial- and patellar- articular cartilage in patients with early
stage knee OA.
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Introduction

Osteoarthritis (OA) is an age-related progressive joint disease,
which induces pain, significant functional impairment, a loss of
mobility and a diminished activity in daily life1,2. As the prevalence
of this disease is gradually increasing due to the increasing
longevity of the population, OA is therefore now becoming an
important public health concern3. As there are no current in-
terventions proven to restore cartilage or curtail the disease pro-
cesses, and we cannot inhibit the progression of this disease by any
methods, such as medication, the only treatment methods
currently available for knee OA is symptom-modifying treatment,
while no disease-modifying treatment yet exists for knee OA4.
td. All rights reserved.

https://core.ac.uk/display/82641935?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:shada@juntendo.ac.jp
mailto:harukago@juntendo.ac.jp
mailto:rsadatsu@juntendo.ac.jp
mailto:liulizu@juntendo.ac.jp
mailto:ippei@juntendo.ac.jp
mailto:mayukok@juntendo.ac.jp
mailto:anwarjan108@yahoo.com
mailto:saita0617@hotmail.com
mailto:ytakaza@juntendo.ac.jp
mailto:ytakaza@juntendo.ac.jp
mailto:hrikeda@juntendo.ac.jp
mailto:k-kaneko@juntendo.ac.jp
mailto:k-kaneko@juntendo.ac.jp
mailto:ishijima@juntendo.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joca.2014.07.021&domain=pdf
http://dx.doi.org/10.1016/j.joca.2014.07.021
http://dx.doi.org/10.1016/j.joca.2014.07.021
http://dx.doi.org/10.1016/j.joca.2014.07.021


Table I
Patient characteristics

n 50
Age (years) 57 (15.1)
BMI (kg/cm2) 24.1 (3.9)
Gender (M/F) 23/27
K/L grade (0/1: 2) 30 (60%): 20 (40%)
FTA (�) 178.4 (2.6)
JSW (medial/lateral) (mm) 3.7 (0.9)/4.7 (1.0)

The data are the means (S.D.).
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OA is primarily inducedby thedegeneration of articular cartilage,
which is initiated by a loss of proteoglycan (PG) and an increase in
water content, followed by a loss of type II collagen and a change in
collagenfiber orientation. The progressive loss of hyaline cartilage is
one of the hallmark of the destruction of OA. The subchondral bone
and synovium, in addition to articular cartilage, are also involved in
this aspect of OA progression, although the changes of these tissues
are considered tobe a secondaryphenomenon that is inducedby the
primary changes5,6. There are many problems that must be over-
come before any significant breakthroughs can be achieved in this
field. First, the disease mechanisms of OA will have to be better
understood in order to identify the best targets for initiating treat-
ments inpreclinical andclinical trials. The stage-and site-specificOA
pathophysiological events may make the elucidation of the disease
mechanisms difficult. Second, patients tend to show various rates of
disease progression, so we must be able to predict which patients
will progress to OA over time, and identify whether these patients
have any distinguishing features based on clinical, radiological, or
laboratory assessments. Third, once potentially disease-modifying
treatments become available, then determining the efficacy of
such intervention will be important. Therefore, it is widely agreed
that the validation of improved imaging and chemical biomarkers
may make it possible to circumvent some of these problems7,8.

Precisely how this disease progresses in patients with knee OA
still remains unclear. For example, it is uncertain whether the
degeneration and destruction of articular cartilage occurs simulta-
neously in the femoral, tibial and patellar articular cartilage, or if
some spatial and temporal difference exists in the degeneration and
destructionof articular cartilage.Magnetic resonance imaging (MRI)
is more sensitive than radiography to detect bone and soft tissue
changes, which are features of OA9. In early stage of knee OA, OA
changesbeginat themolecular level of the articular cartilage, suchas
a loss of PG, an increased water content, and the disorganization of
the collagen network, probably before any morphologic changes
take place in the articular cartilage. The morphologic changes, such
as cartilage lesion, boneattritions, cysts, bonemarrowabnormalities
(BMAs), osteophyte, meniscal pathology, synovitis and ligament
changes, can be visualized and semi-quantified byMRI. T2mapping
sequence on MRI is a technique that can sensitively detect early
biochemical changes in thewatercontent andanydisorganizationof
the collagen network in articular cartilage. In addition, we can also
evaluate the OA-induced structural joint changes semi-
quantitatively by, for instance, using the Whole Organ Magnetic
Resonance Imaging Score (WORMS). These techniques may enable
us to further understand the very early stage of knee OA.

In this cross-sectional study, the aim of the present study was to
examine whether the degenerative and morphological changes of
articular cartilage in early stage knee OA occurred equally between
the femoral- and the tibial- or patellar- articular cartilage using an
MRI-based T2 mapping analysis and the WORMS technique.

Methods

Subjects and methods

This cross-sectional study was approved by the ethics commit-
tee of our university. Patients who first visited the outpatient clinic
at our university hospital to seek therapy for knee pain due to OA
were asked to participate in the study. All patients who agreed to
participate provided their written informed consent before
enrollment in this study. All patients had medial knee OA and un-
derwent the initial medical examination at our outpatient clinic
between May 2012 and December 2012. The patients included in
this analysis were determined based on the conditions described
below. The sample size of this study was determined based on the
number of patients who demonstrated all of these conditions
during the study period.

The diagnosis of knee OA was established according to the
American College of Rheumatology criteria10. The inclusion criteria
for the present study were (1) subjects who were able to walk
without walking aids and fulfilled the criteria for knee OA of the
medial femoro-tibial joint, (2) subjects who were at least 40 years
old, but less than 80 years old, and (3) all subjects had radiographic
knee OAwith KellgreneLawrence (K/L) grade 2 or less as evaluated
by weight-bearing antero-posterior X-rays of the tibio-femoral
joint (TFJ) using the bilateral standing extended view11,12. The
exclusion criteria included (1) patients who had received drugs for
knee OA (oral [e.g., non-steroidal anti-inflammatory drugs
(NSAIDs) and opioid] or intra-articular injection [e.g., hyaluronic
acid and corticosteroids]) prescribed by physicians in the previous
3 months, (2) those who had RA or arthritis due to infection or
injury, (3) patients who had undergone joint replacement surgery,
(4) patients who had secondary knee OA, (5) patients with patello-
femoral OA with a K/L grade of 3 or higher, (6) patients with severe
OA (K/L grade 3 or higher) in their hip joint and (7) patients who
had a valgus knee [femoro-tibial angle (FTA); <174�].

As the T2 values of articular cartilage are known to be affected
by artifacts, such as the magic angle effect (MAE), healthy volun-
teers without MRI-based OA changes were recruited and the T2
values were also evaluated (Supplemental Table 1) (Non-knee OA
control, Table II)13. The healthy volunteers included subjects in
their twenties with no history of knee joint injury or knee pain
recruited from our university. Although 20 healthy volunteers were
originally recruited, one subject was excluded due to the detection
of MRI-based OA changes; therefore, the remaining 19 healthy
volunteers were included in this study.

Radiographic evaluation of knee OA

The standing, extended and antero-posterior and lateral view
radiographs were taken at the first visit to the hospital according to
the previously reported12,14. The joint space width (JSW) was
determined at the center point of the medial femoro-tibial
compartment on a radiograph using a 0.1-mm graduated magni-
fying lens12,15,16. The FTA was measured using goniometer on
standing, as well as extended and antero-posterior view radio-
graphs. All radiographs were quantified independently by two
readers (SH and RS) who were blinded to the baseline character-
istics of the patients.

MRI-based evaluation of knee OA

All patients showed either K/L grade 0, 1 or 2, and were also
examined with the MAGNETOM Symphony syngo MR 3.0-Tesla
MRI system (Siemens Medical Solutions, Erlangen, Germany) us-
ing sagittal and coronal two-dimensional (2D) fat-suppressed (FS)
and T2-weighted image fast spin-echo (FSE) sequences (TR:
5000 ms, TE: 70 ms, FOV:160 mm, matrix: 384 � 307, slice thick-
ness: 3 mm, turbo-factor: 17, flip-angle: 150, scan time: 300000) with



Table II
T2 values of the articular cartilage in both the non-knee OA controls and the patients
with early stage knee OA

Division Non-knee OA control Early stage knee OA P

PFJ G 41.5 (3.5) 46.2 (4.4) <0.0001
P 36.3 (4.9) 33.4 (4.5) 0.024
P <0.0001 <0.0001
D(G�P) 5.2 (5.2) 12.8 (4.6) 0.001
MFa 42.1 (5.4) 48.5 (6.1) <0.0001
MP 36.7 (5.8) 34.7 (6.3) 0.235
P 0.005 <0.0001
D(MFa�MP) 5.4 (7.2) 13.8 (7.9) <0.0001
LFa 40.9 (5.0) 44.0 (5.9) 0.046
LP 35.9 (5.7) 32.9 (5.1) 0.037
P 0.012 <0.0001
D(LFa�LP) 5.0 (7.6) 11.1 (6.4) 0.001

TFJ FC 38.4 (3.8) 41.2 (3.3) 0.013
TP 33.0 (4.5) 32.3 (3.1) 0.449
P <0.0001 <0.0001
D(FC�TP) 5.4 (3.2) 8.9 (3.2) <0.0001
MFC 39.2 (4.2) 41.7 (3.6) 0.020
MTP 33.8 (5.1) 33.6 (3.8) 0.826
P <0.0001 <0.0001
D(MFC�MTP) 5.4 (4.1) 8.1 (3.8) 0.012
LFC 38.4 (4.1) 40.7 (4.0) 0.039
LTP 32.3 (4.4) 31.1 (3.4) 0.225
P <0.0001 <0.0001
D(LFC�LTP) 6.1 (4.0) 9.7 (4.3) 0.003

Data indicates mean (SD).G: groove, P: patellar articular surface,
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an 8-channel integrated Parallel Acquisition Technique (iPAT) knee
coil. A positioning device for the ankle and knee was used to ensure
uniformity between the patients. The diagnosis of knee OA for the
subjects was made using the 3 T MRI findings according to the
previously reported method13. The compartments of the knee joint
were divided into 14 subdivisions; three regions [anterior (a),
central (b), and posterior (c)] of the medial and lateral femur (MF
and LF) and tibial plateaus (MTP and LTP), and two regions (medial
and lateral) of the patella (MP and LP) (Fig. 1)17. To conduct the
present study, we defined that the femoral groove articular surface
(G), which consists of MFa and LFa, comes in contact with the
patellar articular surface (P), which consists of MP and LP, and the
femoral condyle (FC) articular surface, which consists of MFc, MFp,
LFc and LFp, comes in contact with the tibial plateau (TP) articular
surface, which consists of MTa, MTc, MTp, LTa, LTc and LTp. The
medial femoral condyle (MFC) consists of MFc and MFp, while the
lateral femoral condyle (LFC) consists of LFc and LFp.

T2 mapping

T2 values were obtained from T2 mapping, which were
calculated from a five multi-echo, spin-echo (MESE) sequence
Fig. 1. Fourteen subdivisions of the knee joint evaluated in the study. The compartments o
groove articular surface (G), which consists of medial and lateral anterior condyles (MFa and
facet (MP) and lateral facet (LP). The FC articular surface, which consists of medial and lateral
the TP articular surface, which consists of medial and lateral, anterior, central and posterio
(TR: 1000 ms, TE: 13.8, 27.6, 41.4, 55.2 and 69.0 ms, slice thick-
ness: 3 mm, FOV: 160 mm, matrix: 384 � 384, scan time: 303000)
and a linear curve fitting method was used. The regions of in-
terest (ROIs) on T2 mapping were manually drawn by one oper-
ator (SH) using a three-dimensional image analysis software
program (Virtual Place Liberty Lite; AZE, Tokyo, Japan) and
excluded any artifacts, fluid, and subchondral bone from ROIs. In
the patients, a ROIs analysis was performed on five consecutive
slices and the mean T2 values were calculated through the five
slices for each subdivisions.

WORMS scoring

The OA morphologic changes, such as cartilage lesion, bone at-
tritions, cysts, BMAs, osteophyte, meniscal pathology, synovitis and
ligament changes were scored using the WORMS criteria. Each
region of a compartment surface received its own score, followed
by the method reported previously17. At each region, the cartilage
morphology was scored 0e6. The subarticular BMAs and bone cysts
were each scored 0e3. The subchondral bone attrition was scored
0e3. Osteophytes were scored 0e7. The anterior and posterior
cruciate ligaments (ACL and PCL) were scored 0 or 1. Themedial and
lateral collateral ligaments (MCL and LCL) were scored 0, 1 and 2.
The anterior horn, posterior horn, and body of the medial and
lateral meniscus were each scored and added together to total a
score of 0e6. No intravenous contrast was injected in this study,
which thus precluded us from differentiating synovial thickening
and joint effusion. Thickening and effusion were therefore graded
collectively as per the WORMS protocol from 0e317.

Reproducibility measurements

The intra-observer reproducibility (SH) of the radiographic
grading of OA was measured at separate times for twenty patients
[interclass correlation coefficient (ICC) 0.97 (95% confidence inter-
val (CI): 0.90e0.99)]. The inter-observer reproducibility was
measured by two observers (SH and RS) who conducted 20 ex-
aminations [ICC 0.93 (95% CI: 0.81e0.96)].

The intra-observer reproducibility (SH) of both the T2 value
measurement and the WORMS evaluation by MRI measured twice
for ten sections was high [Inter-reader agreement (ICC) 0.91 (95% CI
0.84e0.98) for T2 value, 0.90 (95% CI 0.45e0.98) for WORMS,
respectively]. Two observers (SH and MK) conducted all ten ex-
aminations in order to assess the inter-observer reproducibility.
Theywere blinded to any patient information during the evaluation
process. The inter-observer reproducibility was also high [ICC: 0.87
(95% CI 0.79e0.92) for T2 value measurement, 0.91 (95% CI
0.49e0.98) for WORMS].
f the knee joint were divided into 14 subdivisions, as defined in WORMS. The femoral
LFa), comes in contact with the patellar articular surface (P), which consists of medial

, central and posterior femoral condyles (MFc, MFp, LFc and LFp), comes in contact with
r tibial plateau (MTa, MTc, MTp, LTa, LTc and LTp).



Table III
The frequencies of the MRI-detected structural changes in the
knee joint of the patients with early stage knee OA

Frequency (%)

Cartilage lesion 100
BMAs 66.0
Bone cysts 58.0
Bone attrition 82.0
Osteophytes 100
Meniscal pathology 80.0
Synovitis 82.0
Ligaments 4.0

Table IV
A comparison of the WORMS score for the femoral and tibial articular cartilage in
patients with early stage knee OA

Division WORMS

Cartilage lesion Osteophytes

PFJ G 2.8 (0.9) 1.8 (1.2)
P 2.0 (1.5) 1.2 (1.3)
P 0.001 0.007
MFa 3.3 (1.3) 2.1 (1.3)
MP 2.1 (1.7) 1.2 (1.3)
P <0.0001 <0.0001
LFa 2.4 (1.2) 1.5 (1.5)
LP 1.9 (1.7) 1.2 (1.5)
P 0.056 0.154

TFJ FC 2.5 (1.0) 1.2 (1.1)
TP 1.7 (1.3) 0.6 (0.8)
P <0.0001 <0.0001
MFC 2.8 (1.3) 1.1 (1.3)
MTP 2.1 (1.5) 0.8 (0.9)
P <0.0001 0.012
LFC 2.3 (1.2) 1.4 (1.4)
LTP 1.5 (1.4) 0.6 (0.8)
P <0.0001 <0.0001
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Data analysis

The paired t-test was used to compare either T2 values or
WORMS scores between femoral articular cartilage and either the
confronting tibial or patellar articular cartilage. The odds ratios
(ORs) for whether the WORMS cartilage- and osteophyte- scores of
the femoral components were higher than those of the tibial or
patellar components were also calculated. A P-value < 0.05 was
considered to be statistically significant. All analyses were per-
formed using the SPSS 19.0 software program (SPSS Institute, Chi-
cago, IL, USA).

Results

Patient characteristics

Fifty-six patients were initially enrolled. As six of the fifty-six
patients (10.7%) were excluded since they did not meet the study
criteria, the remaining 50 patients were included in the data
analysis.

The patients were 57 years old age on average, and there was a
slight female dominance (54%) (Table I). Thirty of the fifty patients
(60%) showed radiographic OA severities of K/L grade 0/1, while the
remaining twenty patients (40%) showed radiographic OA sever-
ities of K/L grade 2. No significant differences in the FTA and body
mass index (BMI) were observed between the patients with K/L
grades 0/1 and those with K/L grades 2 (KL0/1; 178.6�, KL2; 178.1�,
P ¼ 0.561 for FTA and KL0/1; 25.0 kg/m2, KL2; 23.5 kg/m2, P ¼ 0.19
for BMI).

Comparison of the T2 values between the femoral- and the either
tibilar- articular cartilage in the femoro-tibial joint (FTJ) or the
patellar-articular cartilage in the pattelo-femoral joint (PFJ)

The degenerative changes in the articular cartilage in patients
with early stage knee OA were evaluated by T2 mapping, and the
T2 values in femoral articular cartilage were compared with those
in either tibial- or patellar- articular cartilage. The T2 values in
femoral articular cartilage (G and FC) were significantly higher in
comparison to those in both patellar- (P) and tibial- (TP) articular
cartilage in not only the patients with early stage knee OA but
also in the control (Table II). However, in the PFJ, the T2 values of
G in patients with early stage knee OA were significantly
increased in comparison to those of G in the control, while the T2
values of P in patients were significantly decreased in comparison
to those of P in the control (Table II). Similarly, in the TFJ, the T2
values in the FC in patients with early stage knee OA were
significantly increased in comparison to those in control, while no
significant differences in the T2 values of TP were observed be-
tween the patients and the control (Table II). The differences in
the T2 values between femoral articular cartilage and both
patellar (DG�P) and tibial articular cartilage (DFC�TP) in patients
with early stage knee OA were significantly increased in com-
parison to those in the control (Table II). When PFJ and TFJ were
further divided into two sub-groups (MFa and MP and LFa and LP
for PFJ, MFC and MTP and LFC and LTP for TFJ), the same phe-
nomenon regarding the differences in the T2 values was observed
(Table II).

Comparison of WORMS scores between the femoral articular
cartilage and the either tibial articular cartilage in the FTJ or the
patellar articular cartilage in the PFJ

The morphological changes in the joint in patients with early
stage knee OA were evaluated by WORMS. Among the eight
established pathological changes associated with OA, both carti-
lage lesions and osteophytes were observed in all patients eval-
uated in the study (Table III), the pathological severity of these
two changes were compared between the femoral- and the
patellar- or tibial- articular cartilage. The WORMS cartilage scores
of the femoral articular cartilage were significantly higher than
those in the patellar- and tibial- articular cartilage (Table IV).
When the PFJ and TFJ were further divided into two sub-groups in
terms of the medial and lateral compartments in the knee joint,
these phenomena of the WORMS cartilage scores were observed
in the medial side of PFJ and on both sides of TFJ (Table IV). The
OR for higher WORMS cartilage scores of femoral articular carti-
lage than those of the patellar articular cartilage in the patients
was 2.1 (1.1e3.9, P ¼ 0.013). The OR for higher WORMS cartilage
scores of femoral articular cartilage than those of the tibial
articular cartilage in the patients was 3.6 (95% CI; 1.8e6.9,
P < 0.0001).

The WORMS osteophyte scores of the femoral articular carti-
lage were significantly higher than those of the both the patellar-
and tibial- articular cartilage (Table IV). When the PFJ and TFJ were
further divided into two sub-groups in terms of the medial and
lateral compartments in the knee joint, these phenomena of the
WORMS osteophyte scores were observed in the medial side of the
PFJ and on both sides of TFJ (Table IV). No significant differences in
the WORMS osteophyte scores were observed between the
femoral- and the confronting patellar- articular cartilage in the
patients [OR: 1.5 (0.9e2.6), P ¼ 0.16]. The OR for higher WORMS
osteophyte scores of the femoral articular cartilage than that of the
tibial articular cartilage in the patients was 1.9 (1.0e3.5,
P ¼ 0.026).
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Discussion

The present study has revealed, for the first time, that the
degenerative changes, detected by T2 mapping on MRI, and the
morphological changes, detected by a WORMS analysis on MRI, of
the femoral articular cartilage showed a greater degree of deteri-
oration than those of both the tibial- and patellar- articular carti-
lage in the patients with early stage knee OA. This is considered to
be unique and important information for obtaining a better un-
derstanding the disease processes, which has never previously
been elucidated using classical radiographs.

To non-invasively and precisely monitor the degenerative
changes of articular cartilage induced by OA, T2 mapping is a
promising method for evaluation of articular cartilage, although
some controversy still exists18. Alterations in the T2 values have
been shown to correlate with changes in the water content, as well
as the collagen structure and organization, which are associated
with changes in the articular cartilage and its degradation. The best
approach to evaluate OA has been suggested to be a combination of
high resolution morphological images and biochemical MRI tech-
niques19, T2 mapping technology using 3 T MRI enabled us to
obtain the results of the present study. To begin with, we need to
confirm whether there are any degenerative and morphological
differences in the normal articular cartilage between the femora
and tibiae. Although the T2 values of articular cartilage were found
to increase due to the progression of knee OA20, only slight differ-
ences in the T2 values of the femoral articular cartilage were
observed in comparison to those of the tibial articular cartilage in
healthy subjects21. Therefore, the phenomena observed in the
current study are therefore considered to be related to those that
occur due to knee OA.

It is well known that the signal intensity of the short TE
sequence changes as a result of increasing T2 values if the angle
between the main magnetic field (B0) direction and the collagen
fiber increases from 0�22. This is an artifact that is called MAE, and
can occur in any tissue that contains anisotropically arranged
collagen fibers, such as hyaline cartilage and meniscus. The T2
values are at their maximum at an angle of almost fifty-five degrees
relative to B023. The increased signal intensity in the articular
cartilage created by MAE should not be confused with early
degenerative changes in the cartilage substances23. We evaluated
the T2 values of the femoral and tibial articular cartilage in healthy
volunteers who did not showMRI-based OA changes, in addition to
the patients with early stage knee OA, and found that there were
differences in the T2 values between the femoral and tibial articular
cartilage.

A previous study using 3.0 T MRI reported by Eckstein et al.
measured the thickness of both the femoral- and tibial- articular
cartilage24. Although no statistical analysis was conducted, the loss
of themedial femoral articular cartilagewas greater than that of the
medial tibial articular cartilage in patients with K/L grade 2 and 3. In
addition, the central subregions of both the medial femoral- and
tibial- articular cartilage showed a greater degree of deterioration
than the other subregions in these patients24. The results of that
study are thus considered to support those of the current study.

In the initial phase of OA, morphologic changes of the articular
cartilage usually occur after the biochemical alterations of the
extracellular matrix. The highly structured collagen fibers become
loosened by the degeneration of the articular cartilage and then
transform into a random configuration. Structural changes of the
cartilage matrix result in increased tissue stiffness, increased
permeability and damage to the surrounding tissues. These alter-
ations include a progressive increase in the subchondral plate
thickness, alterations in the architecture of the subchondral
trabecular bone and the formation of new bone at the joint margins
(osteophytes), which is associated with vascular invasion of the
calcified cartilage. These biomechanical changes to the joint also
induce histological changes due to bone remodeling and, subse-
quently, induce structural joint changes25.

The present study elucidated the spatial differences in the
degenerative and structural articular cartilage changes in both FTJ
and PFJ. Two possible reasons for this have been speculated. One is
due to the difference in the articular cartilage thickness between
the femur and tibia or patella. In cadaveric studies, the femoral
articular cartilage was thinner than the tibial and patellar articular
cartilage. The thickness of the femoral articular cartilage was
2.5 mm on average, while that of the patellar articular cartilage
was 4.5 mm on average25. A similar result was shown in a study of
a younger population (30 years of age on average)26. Another
possibility, which is supported by the findings of several studies, is
described below. The tibial cartilage deformation was observed
with MRI and found to be significantly higher than that of the
femoral cartilage after impact loading exercise (jumping from
40 cm height)27. The cartilage deformations by the compression
and shear mechanical stresses were asymmetric between the
femoral- and tibial- articular cartilage findings observed in a
cadaveric study. The deformation ability of the tibial articular
cartilage was markedly higher than that of the femoral articular
cartilage20. A cadaveric study utilized a micro-scale cartilage-on-
cartilage testing system to elucidate cartilage strain during
femoral-tibial articulation as well as the mechanical properties of
the femoral and tibial articular cartilages, and, as a result, the
femoral articular cartilage was found to be stiffer in compression
and shear than the tibial articular cartilage28. The mechanical
stress to the cells regulates, in part, the cell metabolism and matrix
synthesis. Differences in cell deformation in response to me-
chanical stress may therefore reflect differences in the cell char-
acteristics, which maintain homeostasis by regulating the
metabolic and cellular responses28. These microenvironmental
cellar and molecular changes in the articular cartilage may thus
later lead to OA changes in the joint. Although various mecha-
nisms may play a role in such changes, these previous studies
suggest that the femoral articular cartilage may be thinner and
more fragile in response to mechanical stress than both tibial- and
patellar- articular cartilage.

Age is a recognized risk factor for the development of OA, and
there are age-dependent differences in both the morphology and
T2 values of the patellar articular cartilage in asymptomatic fe-
males29. In the current study, the healthy control subjects included
relatively young (twenties) individuals compared to the OA pa-
tients in order to account for the MAE of the femoral articular
cartilage. Therefore, although there may be age-dependent differ-
ences in the T2 values of the articular cartilage, the current study
focused on whether degenerative and/or morphological changes
occur equally between the femoral and tibial or patellar articular
cartilage in the setting of early stage knee OA. Therefore, the
“healthy” control group was selected from the relatively young
population “with healthy cartilage” in the current study.

The current study is associated with some limitations. Extended
view radiographs were used to evaluate the severity of OA in the
current study. This might have led to an underestimation of the
severity of OA, and should be used for the standing fixed flexion
view30. MRI was conducted without taking the recent loading or
unloading conditions of the patients into consideration. Therefore,
we cannot exclude the possibility that some mechanical stress
recently experienced by the patients prior to undergoing these
examinations may have affected the T2 values of the articular
cartilage. The current study did not use any other MRI techniques,
such as delayed gadolinium-enhanced MRI of cartilage (dGEMRIC)
or T1rho, which are also useful diagnostic modalities for
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investigating any the changes in the extracellular matrix of the
articular cartilage during OA progression.

In conclusion, the early stage OA-induced degenerative and
morphological changes between the femoral- and the confronting
tibial- or patellar- sides within the knee join were not the same.
Namely, the degradation and destruction of the femoral articular
cartilage showed a greater degree of deterioration than those of the
tibial- and patellar- articular cartilage in the patients with early
stage knee OA.
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