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Abstract: Objective: This study examines chronic joint disease, joint swelling and deformation, joint pain, and joint
nonunion caused by knee femur osteoarthritis, which seriously affect patients’ lives and health. The purpose of
this study was to investigate the correlation among the MRI morphological scores, the T, values, and the clinical
manifestations of cartilage injuries in knee osteoarthritis. Methods: SPSS 19.0 statistical software was used for the
data analysis. The measured data are expressed as the mean + standard deviation. All the tests are double sided.
The reliability was 95%, and the significance level was 0.05. Chi square tests and t-tests were used to compare the
general data of the OA and control groups, and Pearson simple correlation analyses were used to evaluate the cor-
relations between the T, values of the cartilage in each subregion of the OA group and the WORMS. Results: The
analysis found that the OA group had skeletal areas, medial femur areas, medial tibial areas, and the correlation
coefficients between the cartilage T, values and the WORMS in the lateral tibia were 0.66, 0.72, 0.71, and 0.85 (P
< 0.05). The T, value in the lateral femurs and the WORMS correlation coefficient was -0.03 (P > 0.05). The T, value
of each sub-region gradually increased with the increase of the grade. The results show that, except for the T, value
between the H group and the O1 group in the lateral region of the tibia, there was no significant difference in the
T, value between the 01 group and the 02 group in the skeletal region (P < 0.05), and the differences in the other
subregions were statistically significant between the groups. The T, value of the best test performance of the bone
region between the H group and the O1 group was 34.25 ms using the Jordon index, the most approximate index
was 0.87, the sensitivity was 78.23%, the specificity was 100%, and the area under the curve was 0.82. The best
T, test performance of the medial femoral region between the H and 01 groups was 45.21, the most approximate
index was 0.47, the sensitivity was 67.38%, the specificity was 79%, and the area under the curve was 0.76. The
medial tibia of the best test performance between the H group and the O1 group was 32.48 ms, the most approxi-
mate index was 0.38, the sensitivity was 44.73%, the specificity was 69%, and the area under the curve was 0.52.
Conclusion: This method can accurately diagnose knee joint arthritis, enabling the prompt control of the disease
progression and effectively reducing the disability and mortality rates the disease causes, thus improving patients’
quality of life.
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Introduction at the same time. X-rays have a high spatial

resolution and can be used for grades lll and IV.

At present, the commonly used imaging meth-
ods in clinical practice include X-rays, comput-
ed tomography (CT), magnetic resonance imag-
ing (MRI), ultrasound, and radionuclide bone
imaging [1]. Among them, X-rays are still the
primary method for diagnosing skeletal inflam-
mation. X-rays enable the observation of struc-
tural changes in bones and the overall morpho-
logical changes in multiple joints or their parts

Grade skeletal arthritis enables a positive diag-
nosis, and the examination method is simple
and inexpensive, and the patient receives little
radiation [2], and X-rays can effectively display
the skeletal joint space, small articular carti-
lage bone plate lesions, osteoporosis, and
osteosclerosis around the joint, etc., so it is
convenient for measuring the skeletal joint
space [3-5].
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Figure 1. Schematic diagram of the knee cartilage
division. The femur is divided into the medial (MF)
and lateral (LF) subregions by passing through the
medial side of the medial scatter of the femur, where
the trochlear groove belongs to the lateral region; the
tibia is divided into the medial (MT) based on the me-
dial boundary of the interstitial spine of the tibia and
the lateral subarea (LT), the area is 2 cm below the
cartilage.

At the same time, MRI also has the advantages
of being non-invasive, radiation-free, multi-pla-
nar imaging, etc. As the preferred method for
the early diagnosis of bone inflammation, judg-
ing the disease activity, evaluating the curative
effect and judging the prognosis, the ASAS
diagnostic criteria for axial bone inflammation
in 2009 introduced MRI to improve the specific-
ity and sensitivity of the early diagnosis of bone
inflammation [6, 7]. The technology can find
arthritis, synovitis, endomyositis, cartilage and
bone damage in the detection of bone inflam-
mation, peripheral joint disease, and attach-
ment point inflammation. It employs a quantita-
tive evaluation of arthritis using grayscale
values and power Doppler ultrasound. It has
become a useful tool for the clinical diagnosis
and evaluation of the curative effects, but ul-
trasound cannot detect axillary attachment
point inflammation [7]. It is not advisable to use
inflammation to replace the inflammation of the
axial skeletal joint and spine. Radionuclide
imaging is a concentration of a radionuclide (or
its compound) inside or outside the organ, or
between the normal and the diseased tissue. It
is a poor method for imaging. When bone
lesions occur, the local blood flow is increased,
osteoblasts are active and new bone is formed,
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ion exchange and chemical adsorption are
enhanced at the local lesions, which are multi-
ple, irregular, and most often appear on bone
imaging [8]. The concentrations of bone imag-
ing agents appear in various sizes and shapes.
Radionuclide bone imaging has been reported
in the early diagnosis of bone inflammation.
Radionuclide bone imaging is a quantitative
reflection of the skeletal articular bone [9]. The
method of mass metabolism can show the
changes in bone metabolism at an early stage,
indicating the existence of active inflammation.
Bone inflammation can involve multiple sites
and multiple joints, and, combined with whole
body bone imaging, it will be of great value in
clarifying the scope of the disease. The sensi-
tivity and specificity of imaging in the diagnosis
of skeletal inflammation are lower than MRI,
which limits its routine application in clinical
practice [10]. In summary, X-rays are still com-
monly used in clinical practice. MR, in the diag-
nosis and assessment of bone inflammation, is
an essential tool for determining the early diag-
nosis of bone inflammation and disease activi-
ty, and for prognosis and evaluation, its efficacy
is superior to other types of imaging.

Materials and methods
Principles of magnetic resonance imaging

Magnetic resonance imaging (MRI) has been
widely applied to biology and medicine since its
discovery [5]. It can study the dynamic process-
es of metabolic changes at the molecular level,
calculate the constant rates, quantify the
metabolites, and in the process will not affect
the organism’s activity, maintaining the organ-
ism in a normal physiological state. Compared
with the previous diagnostic methods, it has
evident advantages. It has been widely used in
the clinical diagnosis of various diseases. The
clinical applications of MRI in the diagnosis of
skeletal muscle injuries include T1 weighted
imaging (TAWI) and T2 weighted imaging (T2WI).
In recent years, some new magnetic resonance
techniques have been increasingly applied to
skeletal muscle injury experiments, including
magnetic resonance diffusion weighted imag-
ing (DWI), magnetic resonance diffusion tensor
imaging (DTI), and magnetic resonance spec-
troscopy (MRS) [11]. Figure 1 shows the sche-
matic of magnetic resonance imaging.
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The biological basis of diffusion tensor imag-
ing

Dispersion is a movement phenomenon caused
by the Brownian activity of molecules. In dis-
tilled water or solutions, molecular weight,
heat, and viscosity among molecules interfere
with the dispersion of molecules. The disper-
sion of water in an organism is also disturbed
by various structures or protective membranes
in the biological tissues, including various
membranes and compartments in the organ-
ism (such as various types of extracellular and
intracellular morphologies, nerves, and glia) in
the body. This interference becomes more and
more significant as the dispersion distance
increases [12]. It is thought that the existence
of the above various interference factors and
the dispersion of water molecules in different
biological tissues are also different and that
water molecules depend on directionality to dif-
fuse [13]. For clear carriers, such as distilled
water or an ultrafine morphology, the arranged
specimens have the same level of dispersion in
each orientation, which is called isotropic dis-
persion, and for chaotic carriers, and in areas
with different directions (such as white matter,
skeletal muscle), water flows in all directions.
The dispersion perpendicular to the fine form is
the hottest, and the dispersion parallel to the
fine form is the largest. This is called anisotro-
pic dispersion. DTl is based on this ultra-micro-
scopic activity of water and involves the exami-
nation of ultra-morphological and pathological
changes of organisms to a certain extent [14].

Diffusion tensor imaging

We generally use tensors to represent the
degree of diffusion of the water molecules in an
organism. At present, DTl research can be clas-
sified into two major directions. The first is
quantitative inquiry. DTl evaluates the average
dispersion (MD), the tensor trace (Tr) of all the
dispersion phenomena, and the anisotropy
scores (FA), scalar relative anisotropy (SR A),
and volume ratios (VR) and so on to quantify
the diffusion tensor. The second research
direction studies the shape of water molecules
in the tissue, which is detected using fiber bun-
dle tracking technology (FT) [14].

Diffusion tensor imaging technology
The current DTI imaging technology still faces

many problems. In the process of DTl imaging,
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the most essential problem is that it must be
sensitive to small activities without being dis-
turbed by large movements. To obtain a diffu-
sion-weighted contrast, diffusion-weighted im-
aging is sensitive to micron-level molecular
activities. We are keen to the big organizational
events. Even a small movement (sub-millimeter
level) of the subject during the diffusion coding
process can cause a small phase change in the
acquired echo signal. Since this level of collec-
tive activity may be different during the one
echo call, the echoes from the two calls may
also differ [15]. The second problem encoun-
tered in DT imaging is the signal-to-noise ratio
and the discrimination rate. Too small a signal-
to-noise ratio can transmit errors to each ele-
ment of the tensor, causing the final value to be
inconsistent with the actual value. When the
discrimination value is too small, some volume
phenomena appear particularly serious, many
distortions and many factors are generated in
the same individual voxel block, and each has
different divergence directions and sizes, so
that the voxels will no longer show a single
exponential weakening. In addition, the mag-
netic susceptibility phenomenon, the coding
scheme, and the eddy current phenomenon are
all problems that DTI must overcome. These
two major problems are the most urgent ones
that need to be solved by DT industrial imaging
and that must be solved by continuously
advancing the DT industrial sequence [16].

Imaging sequences

Many DT imaging sequences and techniques
have appeared so far. They are all produced by
implanting Stejskal-Tanner dispersion-sensitive
gradients into other basic sequences. The most
commonly-used sequences are: single-shot DT
imaging technology, and the most important
problem for diffusion weighting is knowing how
to reduce or delete the interference of large
movements (including inactive activities such
as pulse, heartbeat, active activities, such as
head rigidity, etc.) on the signal because of dif-
fusion weighting [16]. For the body’s activities,
determining whether they are major or subtle
activities is crucial. The one-time trigger tech-
nology can collect a graphic at the sub-second
level, so it can completely ignore the body’s
large activities. In order to obtain all the K-space
lines of all the graphics in a single shot EP work
sequence, only one RF pulse is needed.
Therefore, only one RF pulse is needed to re-
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create a graphic, and the total collection time
should be at least 100 ms. Most of the big
events can be ignored in such a small period of
time. This sequence is now used in most DT
imaging. It has a dispersion-sensitive comple-
tion method similar to the previous sequence,
that is, a dispersion-sensitive gradient region
with no less than 6 azimuths placed at both
ends of the 1800 gathering pulse, and the EPI
signal acquisition method is used [17].

Although the single shot EPI sequence ignores
the benefits of various activities and the short
time required for imaging, it still has some
unsolved problems. First, the susceptibility
artifacts of the EPI sequence are particularly
powerful. Since the phase of the gradient
encoding in the EPI collection form does not
return to zero and the next phase encoding is
started, the second phase encoding will be
affected by the phase shift caused by the previ-
ous tissue susceptibility, and the echo chain is
particularly long. The phase difference has
been accumulated, and finally a major graphic
twist appears in the phase encoding direction.
This kind of artifact is very serious in the brain-
stem, prefrontal lobe, and other places because
the tissue magnetic susceptibility changes in
these areas are very obvious [18]. The most
severe problem with this technology is the mag-
netic susceptibility artifact. Eddy current is the
second major problem affecting this technolo-
gy. Eddy currents are caused by the accelera-
tion of the gradient field within the EP sequ-
ence. The linearity of the encoding gradient
field in space is reduced, so that the encoding
mismatch in the space is caused by the eddy
current that accumulates in the ordinary gradi-
ent current. Now, due to the advances in the
previous technology and the emergence of new
equipment [19], the eddy current interference
has become very small. Low spatial discrimina-
tion and signal-to-noise ratios are the third
major problems that this technology needs to
solve. The injective EPI sequence must collect
all the information necessary for a graphic in
TR time, but the time required for the organiza-
tion to weaken T, * is particularly short. These
two factors have caused the echo chain (when
the echo chain time is too long, it will cause the
T, * phenomenon and the magnetic suscepti-
bility to increase) work to take too long, so the
matrix commonly used in clinical and research
is 64-128; Also, the EPI sequence is compared
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with the ordinary spin echo sequence, and the
tissue signal is weakened according to T, * This
determines that under the same TR and TE
times, the graphic signal-to-noise ratio is small-
erthanitis with the ordinary spin echo sequenc-
es. There are other deficiencies in this tech-
nique, such as the problem of too much noise
caused by the rapid changes in the high gradi-
ent field of the EP sequence. Still, this deficien-
cy can be solved by ultra-fast imaging and the
development of noise reduction techniques.

Multi-shot echo-planar diffusion tensor imag-
ing has been the focus of research in the early
period of DTl imaging. This sequence of RF ini-
tiation only supplements the k-space region of
the k-space region, and supplements it after
multiple bit k-spaces. The tortured appearance
of the graphics caused by the susceptibility
artifacts and the lack of clearness in the graph-
ics caused by T, * are significantly reduced
because the echo chain is greatly reduced. So,
we can use higher resolution imaging. How-
ever, in order to overcome the random phase
shifts due to the physical activity in this
sequence, we must develop techniques to
reduce the activity artifacts. We use ECG con-
trol and breathing control to supplement the
pulse and breathing disturbances. Currently,
the most commonly used method is the naviga-
tion echo method [13]. This technology can see
and continuously correct the phase changes in
the k-space lines collected at multiple time
points before and after the imaging. However,
even with the above technology, the active arti-
facts are not eliminated. It will be completely
eliminated, but the practical scope of the mu-
[tiple-triggered planar echo technology is not
very wide. Another important reason is that its
imaging speed is very slow. And it cannot com-
pletely remove the graphic twisting caused by
the magnetic susceptibility phenomenon.

Single-shot fast spin-echo diffusion tensor
imaging (DTI). The above two types of EPl imag-
ing sequences use EPI-based sequences in
areas where the magnetic susceptibility is quite
apparent, such as the brain stem. It is difficult
to collect graphics with a high signal-to-noise
ratio and normal inflexion, because the above-
mentioned two types of EPI imaging sequences
are very sensitive to the non-uniformity of the
magnetic field, so it easily causes the graphics
to become curved. Therefore, we started to use
some DTl imaging sequences that are not relat-
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ed to the EPI class [14]. For example, with the
FSE DTI sequence, its core is to add a pair of
dispersion-sensitive gradients at both ends of
the first clustering pulse of the HASTE sequ-
ence, and the signal collection is basically con-
sistent with the HASTE sequence. It can get
high-resolution and high signal-to-noise ratio
images, and most of the susceptibility phenom-
ena will not occur, because the phase compen-
sation gradient and the focusing pulse are
applied after the first echo collection [15].
However, the unclear images caused by the
weakening of T, are the most serious problem
of this sequence, and the short T, region is the
most disturbed. The distance between the
echoes before and after this technique is high-
er than the EPI sequence, because this tech-
nique requires that each echo must achieve a
re-aggregation of the pulse, and the phase
supplemental gradients must be added after
collecting the samples. This will result in short
T, region signals, and this causes a large
amount of attenuation; so most of the echo sig-
nals in the future cannot be detected, resulting
in unclear graphics. In addition, the precipita-
tion of high RF energy in the HASTE sequence
may cause an uncomfortable reaction in the
subject’s body. The temperature in some areas
increases, disturbing the normal diffusion of
the tissue and making the signal worse.

The morphology of knee bone inflammation
and the MR measurements of the T, values
are related to clinical research

Knee osteoarthritis is a chronic joint disease
characterized by the degeneration, destruction,
and bone hyperplasia of the articular cartilage.
It is the most common cause of joint pain,
morning stiffness, and dysfunction. There are
no effective drugs that can completely cure OA
[15]. One of the main problems limiting the
improvement of OA treatment methods is that
there is no accurate, non-invasive method for
monitoring the progress of the articular carti-
lage. As a traditional OA examination method,
plain film alone cannot directly observe or eval-
uate the cartilage changes, and the diagnosis
of early OA is very limited. With the develop-
ment of MIR imaging technology, the changes
in MIR sensitivity to the articular cartilage can
be accurately and reliably evaluated, so MIR
enables us to better study and understand the
very delicate, early abnormal articular cartilage
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before clinically and radiologically detecting the
pre-disease conditions. Foreign studies have
shown that the sensitivity of the 3.0T MR imag-
ing system for cartilage damage is 66%-80%,
and the specificity is 80%-97% [16]. Studies
such as the Whole-Organ Magnetic Resonance
Imaging Score (WORMS Lynch) and other stud-
ies have shown that WORMS is highly reliable in
determining the occurrence of cartilage loss.
MR T, mapping imaging is a quantitative analy-
sis of articular cartilage done by measuring the
T, lateral relaxation time changes in the inter-
nal tissue components to further diagnose
early cartilage lesions, such as the degenera-
tion of the OA cartilage in the knee joint. Due to
changes in the water content and the destruc-
tion of the collagen network, the T2 value
increases compared to the T, value of normal
knee cartilage.

At present, the results of the MR manifesta-
tions and the clinical correlations of knee joint
OA cartilage defects are different at home and
abroad. There is no correlation between the
WOMAC score and cartilage thickness and the
degree of cartilage defect. MRI shows a signifi-
cant correlation between cartilage thickness
and the width of the plain joint space (P <
0.001). Some Chinese scholars explored the
diagnostic value of knee osteoarthritis using
total knee magnetic resonance imaging scores
and found that WORMS scores were positively
correlated, indicating that the pain, stiffness,
and function of knee OA patients can be
explained using imaging, and a multiple linear
regression analysis has confirmed this. The cor-
relation between the knee joint OA cartilage Ta
values and the clinical manifestations is still
controversial.

This study first calculated the WORMS scores
on the clinical manifestations of 10 healthy
subjects and 70 knee OA patients before MR1
examinations of the knee joint and then app-
lied 3.0T MRI conventional sequences, 3D-
WATSC sequences, and T, mapping imaging to
the healthy groups and the patients. The knees
of the people in the group were scanned, the
knee cartilage was WORMS scored, and the T,
values were measured. According to the knee
cartilage morphology WORMS scores, the knee
OA patients were divided into the 01, 02, and
03 groups, and the knee joint OA cartilage
WORMS and T, values were explored to see if
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there was a correlation, and then we compared
the differences between the T, values in the
control group, the 01, 02, and 03 groups, and
then we used MRI to semi-quantitatively and
quantitatively analyze the knee OA to explore
the correlation between the knee OA magnetic
resonance manifestations and the clinical
manifestations.

MRI evaluation

All the imaging data were evaluated by two
experienced radiologists and a graduate stu-
dent. On the Philips Extended MR Work ske-
letal inflammation 2.6.3.5 post-processing
workstation, NII'R multi-planar reconstruction
was used to reconstruct the sagittal 3D-WATSC
sequence map to the knee coronal, sagittal,
and transverse axis images. According to the
revised Whole-Organ Magnetic Resonance
Imaging Score (WORMS), the cartilage of the
knee joint is divided into the medial region of
femoral (MF, lateral region of femoral, LF, medi-
al tibia), the medial region of the tibia (MT), the
lateral region of tibia (LT, patella, P), and five
subregions (see Figure 1) [16].

MRI assessment of cartilage morphology

We scored the cartilage morphology of each
sub-region of the knee joint according to the
WORMS semi-quantitative analysis 8-point
scale using 0-6 points: O = normal; 1 = normal
cartilage thickness but increased T2W1 signal;
2.0 = partial cartilage defect (maximum width <
1 cm); 2.5 = full-layer cartilage defect (maxi-
mum width < 1 cm); 3 = partial cartilage defect
in multiple regions (2.0 points standard) spaced
normal cartilage thickness zones or a 2-point
standard with a maximum width greater than 1
cm but less than 75% of the subarea area; 4 =
diffuse partial cartilage defect (greater than
75% of the subarea area); 5 = multiple layers
full-layer cartilage defect (2.5 points standard),
or a standard with 2.5 points, and width > 1
cm, but less than 75% of the subregional area;
6 = diffuse full-layer cartilage defect (75% of
the subregional area), see Figure 2 [4].

Included patients

70 patients with knee OA admitted to our hospi-
tal from March 2018 to March 2019 were
recruited as the study cohort. The study was
approved by the ethics committee of our
hospital.
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Inclusion criteria

Patients > 60 years old, patients who met the
relevant clinical diagnostic criteria for knee
osteoarthritis, patients who completed the cor-
responding imaging examination, and patients
who voluntarily signed the informed consent
forms.

Exclusion criteria

Patients with primary malignant tumors, pa-
tients with systemic infections, And patients
with a history of knee surgery.

Result
Clinical information

Among the 70 patients with knee OA, 39 were
males and 31 were females, and they ranged in
age from 60-79 years old, with an average age
of (66.85+7.94) years. The 10 healthy subjects
included 5 males and 5 females, ranging in age
from 60-78 Years old, with an average age of
(67.1248.13) years old. There were no signifi-
cant differences in the general clinical data
between the two groups of subjects (P > 0.05).

Correlation between the T, values of the OA
group and WORMS

T, mapping imaging has now been used clini-
cally to assess knee cartilage tissue composi-
tion and ultrastructure. Various studies have
confirmed that T, mapping can increase the
detection rate of early cartilage degeneration in
patients with knee OA and have found that
degenerative changes occur earlier in the
superficial layer of the cartilage, and the T,
value of the cartilage gradually increases with
age. T, mapping can also monitor the process
of cartilage degeneration and cartilage repair
after treatment. Some scholars have also used
T, mapping imaging to quantitatively evaluate
the transplanted cartilage of patients with
matrix-induced autologous cartilage transplan-
tation [16]. The follow-up periods were 3
months, 6 months, and 12 months. It was
found that there were significant differences in
the longitudinal changes of the deep and shal-
low T, values in the repair area. This study
found that T, mapping can be used to evaluate
the effect of articular cartilage repair after
matrix-induced autologous cartilage transplan-
tation. Observing the changes in the cartilage
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Figure 2. A WORMS semi-quantitative score diagram of articular cartilage morphology in OA patients. The normal
cartilage morphology will also change by 1 point, 2-3 points represents focal cartilage changes, and 4-6 points
represents full-thickness cartilage changes. According to the WORMS score of each subregion’s cartilage, the sub-
region’s cartilage was divided as follows: 0-1 into the mild (O1) group, 2-3 into the moderate (02) group, and 4-6
into the severe (03) group, and the healthy control group was called the H group.

T, values in patients with and without loads
after matrix-induced autologous chondrocyte
transplantation, it was found that the differ-
ences in the T, values of multi-region cartilage
were statistically significant, suggesting that
using T, mapping imaging under load can pro-
vide more patient follow-up information about
the cartilage repair tissue composition and the
structure. In the knee cartilage T, value repeat-
ability study, it was found that the cartilage T,
value has a good consistency in the short-term
and long-term repeatability measurements
[17]. In the overall T, value measurement meth-
ods of each sub-region for setting multiple T,
measurement methods of interest, the repeat-
ability errors are small, as shown in Figure 3.

Correlation between the cartilage T, value and
the WORMS in each OA group

A Pearson simple correlation analysis was used

to evaluate the correlation between the carti-
lage T, values and the WORMS in each subarea
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of the OA group, and a correlation analysis
chart was drawn. The specific analysis results
are shown in Table 1. The analysis results
show that the OA group skeletal areas, medial
femur areas, and medial tibial areas, and that
the correlation coefficients between the carti-
lage T, values and the WORMS in the lateral
tibia were 0.66, 0.72, 0.71, and 0.85 (P <
0.05). The T, value in the lateral femur and the
WORMS correlation coefficient were -0.03 (P >
0.05). This indicated that in the OA group, the
cartilage T, values of the medial femoral, medi-
al tibia, and lateral tibial areas were positively
correlated with WORMS, and the T, values of
the lateral femur were not related to WORMS,
as shown in Figure 4.

Differences in the cartilage T, values between
the subgroups

A univariate analysis of the variance comparing

the differences between the T, values of each
subregion among the groups showed that,
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Figure 3. T, mapping imaging.

Table 1. Correlation analysis of the cartilage
T, values and the WORMS in each subregion
of the OA group

WORMS score
T, value
R P-value

P 0.66 0.00
MF 0.72 0.00
LF -0.03 0.73
MT 0.71 0.00
LT 0. 85 0.00

except for the T, values of the lateral femurs,
there were no significant differences between
the groups (P > 0.05), and the T, values of the
other subregions in each group were different.
The inequalities are equal (P < 0.05). The T,
value of each sub-region gradually increases
with an increase in the grade. The results show
that, except for the T, values between the H
group and the O1 group in the lateral region of
the tibia, there were no significant differences
in the T, values between the 01 group and the
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Slight degeneration of
the patella cartilage

Degenerative

T2 is related to changes in
proteoglycans of the cartilage
component, showing different

signals.

Imaging is generally performed on
1.0T, 1.5T or even 3.0T machines

Chondrocytes are
planted in the cell
matrix.

02 group in the skeletal region (P < 0.05), and
the differences in the other subregions were
statistically significant between the groups, as
shown in Table 2 and Figure 5.

Since patients in the Ol group have woRNIs
scores of 0-1, the normal cartilage woRNIs
scores can also be expressed as Ol points.
Based on the above results, the T2 values
between the H group and the O1 group were
calculated for the bone, medial femoral, and
medial tibial regions. The differences in the dis-
tricts were analyzed using ROC curves to deter-
mine the diagnostic efficacy of the T, values. A
statistical analysis was performed to obtain the
ROC curve of the T, values in the skeletal, medi-
al femur, and medial tibial regions in the H and
01 groups. The T, value of the best test perfor-
mance of the bone regions in the H group and
the O1 group was 34.25 ms using the Jordon
index, the most approximate index was 0.87,
the sensitivity was 78.23%, the specificity was
100%, and the area under the curve was 0.82.
Using T, the best test performance of the medi-
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Figure 4. T, values of the cartilage in each subregion of the OA group.

al femoral region between the H and O1 groups
was 45.21, the most approximate index was
0.47, the sensitivity was 67.38%, the specificity
was 79%, and the area under the curve was
0.76. The medial tibia of the best test perfor-
mance between the H group and the O1 group
was 32.48 ms, the most approximate index
was 0.38, the sensitivity was 44.73%, the spec-
ificity was 69%, and the area under the curve
was 0.52 (see Table 3 and Figure 6).

Discussion

Due to the innovative development of MRI soft-
ware and hardware technology, MRI continues
to show its potential in knee OA. Especially with
the continuous extension of the human lifes-
pan, the knees have become a major factor in
reducing the quality of life and happiness index
of middle-aged and elderly people. MRI only
provides information on the morphology and
volume integrity of articular cartilage, but it
also evaluates the collagen and mucopolysac-
charide changes in the cartilage. Foreign stud-
ies have shown that the sensitivity of the 3.0T
MR imaging system for cartilage damage is
66%-80%, and the specificity is 80%-97%.

The correlation between the cartilage T, value
and WORMS

Joseph et al. used a longitudinal study of carti-
lage T, values with cartilage degeneration in
patients with OA, and, using a revised WORMS,
divided the knee joint into five regions and cal-
culated cartilage degeneration scores [13]. The
results showed that as the WORMS score
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increased, the cartilage T,
value also increased, confirm-
ing that there was a positive
correlation between the T,
value and the WORMS score.
Chinese scholars increased
the sample content and divid-
ed knee joint OA into mild,
recombined, and normal clas-
sifications using MR, which
showed statistically significant
differences in the T, values
between mild-severe OA and
healthy-severe OA, which incre-
ased as the disease increased
[13]. Moreover, the area with
the most significant differenc-
es in the T, values is mainly in the load-bearing
area, which reflects the gradual process of car-
tilage degeneration and supports the damage
mechanism of knee OA cartilage [15]. T, map-
ping imaging of human articular cartilage in
vitro was compared with the cartilage’s histo-
logical grade using 3.0T MRI. The T, value dif-
ferences between the grades were statistically
significant, and the two were positively corre-
lated (P = 0.313, P < 0.05), indicating the T,
value. It is a better biological marker of OA car-
tilage and it is more suitable for the early diag-
nosis of knee OA [16].

In this study, the correlation between the T, val-
ues of each subarea in knee OA patients and
the WORMS were compared. According to the
WORMS grouping, the differences between the
T, values of each subarea between the groups
were compared. The results highlighted the OA
group’s skeletal area, medial femur area, and
tibia. The T, values of the cartilage in the medi-
al region and the lateral region of the tibia were
positively correlated with the WORMS. The T,
value of the cartilage in the lateral region of the
femur had no correlation with the WORMS. The
T, value of each subregion gradually increased
with the increase of the grade. A pairwise com-
parison found that there was no significant dif-
ference in T, between the H and O1 groups in
the lateral region of the tibia or between the 01
and 02 groups in the skeletal region. The differ-
ences in the other subregions were statistically
significant between the two groups, indicating
the T, value’s ability to distinguish the severity
of knee OA. And the T, value of the skeletal,
medial femur, and medial tibia regions were sig-
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Table 2. The average T, value of each subregion in each group

Group P MF LF MT LT
Group H 32.19+1.24 42.18+1.83 42.48+1.27 31.28+1.92 30.24+2.14
01 group 37.29+2.14 45.28+2.18 47.28+2.81 33.29+1.82 31.28+3.21
02 group 40.24+4.85 48.29+3.91 47.20+3.81 38.48+1.30 37.96+2.95
03 group 50.38+3.81 52.48+4.81 48.10+4.75 41.39+3.95 45.29+3.71
F 36.40 32.93 1.74 36.29 52.81
P 0.00 0.00 0.16 0.00 0.00
B O1lgroup B 02 group nificantly different between
B 03 group B Group H group H and O1. The sensitivi-

|I i |
p

MF L& MT LT

Figure 5. Average T, values by subregjon.

Table 3. Evaluation of the T, values of the skeletal, the medial
femoral, and the medial tibial regions in groups H and O1

Critical Maximum Area

Sub-area value Jordon under Sensitivity Specificity

(ms) index  the curve (%) (%)
Skeletal area 34.24 0.87 0.82 78.23 100
Medial femoral area 45.21 0.47 0.76 67.38 79
Medial tibial region 32.48 0.38 0.52 44.73 69

» Area under the curve » Maximum Jordanian index

Medial tibial region | — —  —— »

Medial femoral area |EEE——————————— D

]
Skeletal area = .

Figure 6. T, values of the skeletal, the medial femoral, and the medial tibial
regions in the H and O1 groups.

ties of the T, value to diagnose
early OA of the knee joint were
78.3%, 68.2%, and 54.8%,
respectively. The degrees are
100%, 80%, and 70%, indicat-
ing that the areas with the
greatest difference in T, values
are mainly in the knee bearing
area. The T, value enables an
early diagnosis of knee OA and
can detect lesions before the
cartilage morphology changes.
As reported by other scholars,
the soft tissue inflammation in
patients with knee OA can be
observed using MRI examina-
tion, thus correlating with the
patient’s clinical symptoms
[20, 21].

Innovations and limitations of
the study

When comparing the differenc-
es in the cartilage T, values
between groups, this study
grouped the degree of OA ca-
rtilage damage in each sub-
area according to the WORMS
in each sub-area, and then
compared the differences in
the T, values in each sub-area
between the groups. An error
of comparison of the T, value
differences caused by the
grouping of the total cartilage
damage of the knee joint was
introduced. Furthermore, the
diagnostic efficacy of the T,
values in the cartilage, medial
femur, and medial tibial areas
with significant differences in
the cartilage T, values between
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the healthy group and the mild OA group was
further analyzed.

Conclusion

In order to clarify the correlation between the
imaging manifestations and the clinical mani-
festations of OA cartilage injuries, it is neces-
sary to exclude the influence of the irrelevant
factors and to explore the predictive effect of
the MRI manifestations on the early symptoms
of OA. Helminth is a semi quantitative MRI eval-
uation index, and it can effectively evaluate the
changes in the knee joint OA cartilage and
reflect patients’ clinical manifestations to a cer-
tain extent. The T, value of the MRI quantitative
evaluation index can distinguish the injury
degree of OA cartilage of the knee joint, find the
change in the cartilage morphology before the
lesion, and explain its clinical manifestations.

There are also some shortcomings in this study:
the subjective scores of the cartilage WORMS,
the random measurement errors of the T, val-
ues using the manual calibration method, the
T, imaging takes a long time, some patients
cannot tolerate some images, and motion arti-
facts may appear. In the correlation analysis of
the T, values of the cartilage and WORMS
scores, synovitis related to OA, meniscus injury,
ligament injury, joint effusion, or bone marrow
cannot be completely excluded, nor can the
effect of edema on the clinical symptoms.
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