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Abstract: Objective: To compare the characteristics of magnetic resonance imaging (MRI) in normal cartilage and
osteoarthritis cartilage lesions of the knee. Methods: From March 2018 to December 2019, 50 patients with patho-
logically confirmed osteoarthritic cartilage lesions in our hospital were selected as the case group, and 50 patients
with normal knee joints were used as the normal group. MRI examination of the knee was performed to observe
changes in cartilage thickness and T2 values in 6 areas of the knee joint (lateral femoral condylar cartilage, medial
femoral condylar cartilage, femoral trochlear, lateral tibial condylar cartilage, and medial tibial condyle). Results: In
the normal group and the case group, no statistically apparent differences existed in cartilage thickness in the dif-
ferent parts of the knee joints at different ages (P>0.05), but the thickness of the medial femoral condyle, patella,
and femoral cartilage in males was greater than that of females (P<0.05). No apparent differences existed in the
thickness of cartilage in other parts of the knee between males and females (P>0.05). No apparent differences
existed in T2 values of cartilage in different parts of knee joints at different ages and between genders (P>0.05).
In comparison to the control group, the case group presented significantly less cartilage thickness in the 6 areas
(P<0.05) and significantly higher T2 values of the 6 areas (P<0.05). Conclusion: MRI images revealed large differ-
ences between normal knee cartilage and osteoarthritis cartilage lesions, and it has a good evaluation value for

distinguishing between different ages and genders between cartilage lesion cases and normal controls.
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Introduction

Knee articular cartilage is located at the trail-
ing edge of the femur, tibia and patella. This
cartalige is very important to maintain the nor-
mal movements of the knee joint. It can buffer
the vibration and impact of the connected bone
during movement and avoid joint damage [1].
When articular cartilage degenerates, it can
cause secondary damage to bone, meniscus,
and ligaments, leading to the occurrence of
osteoarthritis (OA) [2]. The etiology and influ-
encing factors of OA may be related to age,
gender, physique and genetics. At present, the
most commonly used imaging examinations of
knee joints are X-ray and CT [3]. Although these
two methods can display the bone structure of
the knee joint well, they cannot directly display
the articular cartilage, but by observing the jo-
int space. The width determines the condition

of articular cartilage. However, in addition to
cartilage in the joint space, there are many
other structures, such as the meniscus and lig-
aments, etc., and abnormal changes in sub-
chondral bone mass can affect the true judg-
ment of joint space [4]. Magnetic resonance
imaging (MRI), a relatively new medical imaging
technology, does not cause any harm to the
human body and has high resolution. It can per-
form arbitrary plane imaging or use 3D sequ-
ences to reconstruct arbitrary plane images [5].
MRI is a non-invasive technique which can also
provide things like comprehensive, multi-para-
metric information on brain anatomy, function
and metabolism [6]. MRI can improve the accu-
racy of diagnosis of various diseases, such as
patients with suspected multiple sclerosis, pr-
ostate cancer patients, patients with orthope-
dic implants, and evaluate peripheral artery
disease [7-10] MRI can measure the thickness
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Table 1. General information for the two groups
[n (%)]

General Case group Normal 2

information (n=50)  group (n=50) P
Age 0.050 0.975
<30 10 (20.0) 10 (20.0)
30-50 21 (42.0) 20 (40.0)
>50 19 (28.0) 20 (40.0)
Gender 0.160 0.689
male 25 (50.0) 23 (46.0)
female 25 (50.0) 27 (54.0)
BMI (kg/m?) 0.161 0.688
<25 28 (56.0) 26 (52.0)
>25 22 (44.0) 24 (48.0)

of cartilage in different directions [11], through
the changes of thickness and detection signals
to evaluate the different states of the cartilage
internal environment, and accurately reflect the
pathological changes in the biochemical com-
ponents of the earliest changes in cartilage in
OA [12, 13]. Therefore, this article used MRI
technology to compare the OA cartilage lesi-
ons of different ages and genders and record-
ed the differences in normal and diseased car-
tilage, providing a valuable reference for future
clinical diagnosis.

Materials and methods
Clinical information

Fifty patients with OA cartilage disease diag-
nosed in our hospital were enrolled from March
2018 to December 2019 as the case group.
Inclusion criteria: M All patients were confirm-
ed by biopsy or surgical pathological diagnos-
is. @ The patients had clinical manifestations
such as joint pain, swelling, stiffness, or re-
duced mobility when they were admitted to the
hospital. Some patients had symptoms of ar-
ticular noose and bone friction sound. @
Complete clinical data. Exclusion criteria: O
Previous and recent knee joint history of ma-
jor trauma, infectious or surgical history. @
Congenital or acquired deformity of the knee
joint. @ Previously used drugs that have a
history of chronic diseases that affect carti-
lage. @ There had ferromagnetic implants such
as pacemakers in the body. & Patients with
poor compliance.
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During the same period, 50 volunteers with
normal knee joints were collected as the nor-
mal group. All volunteers had no history of high-
intensity sports training and lived a normal life.
All patients provided written informed consent
prior to participation. This study was approved
by the ethics committee of the hospital. Re-
cords of the patients age, gender and BMI we-
re made in both groups. In the case group,
there were 10 patients aged <30 years old, 21
patients aged 30-50 years, 19 patients aged
>50 years old; and 25 males and 25 females;
28 patients with BMI <25 kg/m?, 22 patients
with BMI 225 kg/m?2. In the normal group, the-
re were 10 patients aged <30 years old, 20
patients aged 30-50 years, 20 patients aged
>50 years old; 23 males and 27 females; 26
patients with BMI <25 kg/m?, and 24 pati-
ents with BMI >25 kg/m?2. The difference in
general data between the two groups was not
statistically significant (P>0.05) shown in Table
1.

MRI scan

3.0T superconducting magnetic resonance im-
aging system (MAGNETOM Skyra) was used to
scan patients. Scanning position: supine po-
sition, advanced foot, straight knee, while re-
laxed. Preparation before scanning: sit for 10
minutes to avoid weight-bearing on the knees
and vigorous activities. Metal objects worn by
the patient were removed. The examiner clari-
fied that the patient has no contraindications
for MRI examination. Scanning sequence: sag-
ittal T2. Mapping sequence: TR1600 ms, TE-
113.8 ms, TE227.6 ms, TE341.4 ms, TE455.2
ms, FOV160x160 mm, resolution 384x384,
layer thickness 3.5 mm, layer spacing 0.7 mm,
pixel volume 0.4x0.4x3.5 mm3.

Image analysis

T2: Mapping generates pseudo-color images
automatically by the software that comes with
the scan, and transmits all MR scanned ima-
ges to Siemens Syngo Via VB10B processing
workstation.

Measurement of cartilage thickness and carti-
lage relaxation time

We chose six measurement areas: lateral fe-
moral condyle cartilage, medial femoral con-
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Figure 1. Magnetic resonance imaging in osteoarthritis cartilage (A) and
normal cartilage of knee joint (B).

dyle cartilage, cartilage at the anterior femoral
and patellar cartilage (femoral block), lateral ti-
bial condyle cartilage, and medial condyle car-
tilage. When measuring the thickness, we took
the thickest point of cartilage in each area as
the measuring point. Measurement method:
The image is magnified 5 times simultaneous-
ly to make the cartilage measurement of the
region of interest (ROl) more accurate; used a
circular or irregular shape to measure approxi-
mately similar ROls, measured three times for
each part, and took the average value. When
measuring the T2 mapping value of cartilage,
we selected the ROI as close to the inside of
the cartilage as possible, avoiding the pixels
with obvious abnormal colors formed by the
fluid in the joint cavity on the boundary, the
subcordicular cortex, etc., and measured three
times for each part, and took the average.

Observation index

The difference in cartilage thickness and T2
mapping value between different age and gen-
ders in the case group and normal group was
compared.

Statistical processing

SPSS 23.0 was adopted for statistical analysis.
The quantitative data was described mean *
standard deviation. t test and analysis of va-
riance were adopted for comparison between
groups and multiple-group comparison, respec-
tively. t test is mainly used for normally dis-
tributed data with small sample size and un-
known population standard deviation. The t-
test uses t-distribution theory to infer the pro-
bability of the difference, so as to compare
whether the two averages are significantly dif-
ferent. The count data is represented by [n (%)],
using chi-square (x?) test. The application of
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the chi-square test in the sta-
tistical inference of categorical
data includes: the chi-square
test for comparing two rates
or two component ratios; the
chi-square test for comparing
multiple rates or multiple com-
ponent ratios and the corre-
lation analysis of categorical
data, etc. The statistic of the
chi-square test is the chi-squ-
are value. The larger the chi-
square value, the more obvi-
ous the difference between the actual fre-
quency and the theoretical frequency. P<0.05
indicates a significant difference.

Results

The thickness of cartilage in different parts of
the knee joints of the normal group and case
group was different between different ages

MRI in normal cartilage of the knee joint the
and Osteoarthritic cartilage is shown in Figure
1. In the normal group, no statistically appa-
rent difference existed in the thickness of car-
tilage in different parts of the knee joint at dif-
ferent ages (P>0.05). In the case group, no st-
atistically apparent difference existed in the
thickness of cartilage in various parts of the
knee joints at different ages (P>0.05). However,
the thickness of the lateral femoral condyle,
medial femoral condyle, patella, femoral troch-
lear, lateral tibial condyle, and the case group
showed significantly less medial tibial condyle
cartilage vs. the control group (P<0.05) shown
in Table 2.

Differences of cartilage thickness in different
parts of knee joints between the normal and
case groups in different genders

In the normal group, the thickness of the medi-
al femoral condyle, patella, and femoral troch-
lear cartilage was greater in males than that in
females (P<0.05). In the case group, the thick-
ness of the medial femoral condyle, patella,
and femoral trochlear cartilage of males was
greater than that of females (P<0.05). In com-
parison to the control group, the case group
showed thinner cartilage thickness in each
part of the knee joints of the male and female
cases (P<0.05) as shown in Table 3 and Figure
2.
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Table 2. Thickness of cartilage at various parts of knee joints in the normal and case groups between

different ages (mm, X £ s)

Normal group

<30yearsold 30~50 yearsoldr >50 years old

Lateral femoral condyle ~ 1.93+0.32 1.95+0.31
Medial femoral condyle 1.84+0.33 1.82+0.41
patella 3.17+0.65 3.44+0.58
Femoral block 3.65+0.71 3.46+0.66
Lateral tibial condyle 2.85+0.38 2.87+0.34
Medial tibial condyle 2.214+0.22 2.23+0.20

Case group
<30yearsold 30~50yearsold >50 years old
1.87+0.35 1.42+0.25° 1.43+0.26° 1.40+0.25°
1.79+0.37 1.21+0.18° 1.19+0.16° 1.15+0.15°
3.24+0.60 2.42+0.282 2.53+0.31° 2.38+0.27¢
3.13+0.68 2.52+0.332 2.504+0.31° 2.36+0.27¢
2.66+0.41 1.80+0.16° 1.82+0.21° 1.69+0.22¢
2.19+0.24 1.13+0.18° 1.16+0.17° 1.21+0.16°

Note: a, P<0.05, compared with normal group <30 years old; b, P<0.05, compared with normal group 30-50 years old; ¢, P<0.05, compared with

normal group >50 years old.

Table 3. Thickness of cartilage at various parts of knee joints in normal
and case groups between different genders (mm, X £ s)

different parts of the kn-
ee joints at different ag-
es (P>0.05). In the case

Normal group Case group -

Male Female Male Female group, no apparent differ-

Lateral femoral condyle 1.98+0.31 1.85+0.35 1.46+0.21° 1.37+0.23° f”cefex'Sti? in the L?ffva'
rti in differ-

Medial femoral condyle 1.96+0.32 1.66+0.41" 1.33+0.18% 1.03+0.19"" eunet gariz ofaﬁ]ee knee jeo
Patella 3.53+0.57 3.17+0.60" 2.53+0.272 2.37+0.25"" ints at different ages (P>

. a bx

Femoral block 3.66+0.65 3.08+0.62" 2.56+0.28% 2.3410.26 0.05). However, by com-
Lateral tibial condyle ~ 2.87+0.34 2.70+0.37 1.80+0.21° 1.73+0.18" parison with the control
Medial tibial condyle 2.26+0.22 2.16+0.20 1.18+0.15° 1.16+0.17"° group, the case group sh-

Note: a, P<0.05, compared with the normal group-male; b, P<0.05, compared with the

normal group-female; *, P<0.05, compared with the male.

m Normal group-Male
[l Normal group-Female

mCase group-Male
Case group-Female

5
4
3
2

Figure 2. Thickness of cartilage at various parts
of knee joint in normal group and case group. a,
P<0.05, compared with the normal group-male; b,
P<0.05, compared with the normal group-female; *,
P<0.05, compared with the male.

Differences of cartilage T2 values in different
parts of knee joints in the normal group and
case group between different ages

In the normal group, no statistically apparent
difference existed in the T2 value of cartilage in
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owed significantly higher
T2 values of the lateral
femoral condyle, medial
femoral condyle, patella, femoral trochlear, lat-
eral tibial condyle, and medial tibial condyle
cartilage (P<0.05) shown in Table 4.

Differences of cartilage T2 values in different
parts of knee joints between the normal and
case groups in different genders

In the normal group, no apparent difference
existed in the T2 value of cartilage in different
parts of the knee joint between different gen-
ders (P>0.05). In the case group, no statistical-
ly apparent difference existed in the T2 value of
cartilage in different parts of the knee joint
between different genders (P>0.05). However,
in comparison to the control group, the case
group showed significantly thicker cartilage in
the knees of both males and females in the
femoral condyle, medial femoral condyle, patel-
la, femoral trochlear, lateral tibial condyle, and
medial tibial condyle cartilage (P<0.05), as sh-
own in Table 5 and Figure 3.

Discussion

Related studies have shown that the thickness
of the cartilage of the knee joint decreases sig-
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Table 4. T2 values of cartilage at various parts of knee joints in normal and case groups between dif-

ferent ages (ms, X =)

Normal group Case group

<30yearsold 30-50yearsoldr >50yearsold <30yearsold 30-50yearsold >50 years old
Lateral femoral condyle 43.58+7.54 45.21+7.62 44.00+7.14 50.114+6.76° 51.39+6.37" 49.76+6.88°
Medial femoral condyle ~ 45.21+7.11 44.37+7.08 47.66+7.25 50.61+6.69° 50.13+7.12° 52.94+6.58°
patella 39.6416.10 40.61+6.08 42.00+6.34 47.32+5.82° 49.17+6.16° 49.13+6.07°
Femoral block 56.77+7.64 58.61+7.34 57.73+8.13 66.39+7.182 67.31+7.24° 71.04+7.35°
Lateral tibial condyle 48.6916.78 49.77+6.82 53.17+7.31 60.48+6.75° 61.88+6.83° 60.71+6.92°
Medial tibial condyle 48.37+6.69 48.98+6.59 49.27+6.75 54.82+6.46° 56.72+6.71° 58.89+6.76°

Note: a, P<0.05, compared with normal group <30 years old; b, P<0.05, compared with normal group 30-50 years old; ¢, P<0.05, compared with

normal group >50 years old.

Table 5. T2 values of cartilage in various parts of the knee joints of nor-
mal and case groups between different genders (ms, X * s)

ent regions is not com-
pletely consistent [14].
In this article, although

Normal group Case group i
the thickness of the kn-
Male Female Male Female . .
. . ee joint femoral carti-
Latell'alfemoral condyle 45.24+8.12 43.61+6.78 51.42+7.15% 49.61+6.24 lage in different age gr-
Medial femoral condyle 46.32+7.68 45.26+7.35 52.31+7.21? 50.82+6.76° oups (<30-year old gro-
Patella 40.51+6.11 41.3846.24 49.21+6.02% 48.39+6.12° up, 30-50-year old gro-
Femoral block 58.43+8.06 57.39+8.30 67.88+7.34° 69.21+7.41° up, >50-year old group)
Lateral tibial condyle 50.24+7.23 51.38+7.34 62.13+7.10° 60.18+7.06° showed a downward tr-

Medial tibial condyle 48.67+6.88 49.27+6.37

56.22+6.57% 58.11+6.82°

end, there was no si-

Note: a, P<0.05, compared with normal group-male; b, P<0.05, compared with normal

group-female.

m Normal group-Male  m Case group-Male
M Normal group-Female ' Case group-Female

T2 mapping measurement values

Figure 3. T2 mapping measurement values of carti-
lage in different parts of knee joint in normal group
and case group. a, P<0.05, compared with normal
group-male; b, P<0.05, compared with normal group-
female.

nificantly with age, and the thickness of the
medial femoral condyle and medial cartilage
of the tibia decreases most obviously, but the
trend of cartilage thickness with age in differ-
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gnificant difference be-
tween different ages.
Perhaps this result is
related to the sample
size. This article compares the thickness of
the cartilage at 6 different areas in the knee
joints between men and women. The results
show that regardless of being in the case gr-
oup or the normal group, the thickness of the
medial femoral condyle, patella, and femoral
trochlear cartilage in males is greater than th-
at of females (P<0.05). No significant differ-
ences existed in other parts of the knee (P>
0.05). Analysis of the possible reasons is th-
at men exercise more than women. The loss
of cartilage in women after menopause is high-
er, and the cartilage damage will increase with
time [15]. In comparison to the normal group,
the case group showed less cartilage thickness
of each part of the knee joint cartilage in this
study (P<0.05). Multiple studies have shown
that [16, 17] the average cartilage thickness
of osteoarthritis patients is lower than that of
healthy people.

T2 mapping is one of the earliest MR cartilage
physiology imaging techniques. It is widely used
clinically [18, 19], but there is no unified opin-
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ion on its diagnostic value. T2 mapping is
affected by the content of water molecules in
cartilage [20]. The spatial distribution of T2
value in normal articular cartilage has the ch-
aracteristic of decreasing from the surface of
cartilage to the subchondral bone. This paper
compares the measured values of T2 mapping
of knee joint cartilage in men and women of dif-
ferent parts. The results show that in 6 differ-
ent cartilage areas, no statistically apparent
difference existed between males and females
in the knee joint cartilage T2 values (P>0.05).
Studies have shown that T2 relaxation time
and cartilage thickness are the same, and men
have higher relaxation time values than women
[14]. However, there are also studies that show
that there is no difference between male and
female cartilage T2 values excluding the influ-
ence of BMI [21], which is consistent with the
results of this study, suggesting that male and
female cartilage collagen alignment directions
and collagen content may be consistent with
gender and T2 value. There is no difference in
the changes. At present, the research results
of knee joint cartilage T2 values reported in rel-
evant literature are inconsistent with age ch-
anges. Shiraj S et al. [22] studied the spatial
variation of patellar cartilage T2 values in im-
mature and mature bones. The results show-
ed that in the T2 between the two the value
space varies. However, Wirth W et al. [21] be-
lieved that there was no relationship between
age and changes in the T2 value of the knee
cartilage. This study compared the differences
in T2 mapping values of cartilage in different
parts of the knee joints of the three age groups.
Results exhibited that there were no statisti-
cal differences in the measured T2 mapping
values between the three age groups in the six
different cartilage regions. In comparison to
the normal group, the case group presented
higher cartilage T2 values of the six areas of
the knee joint in this study (P<0.05). The rea-
son may be the destruction of the collagen net-
work structure in the articular cartilage and the
change in the arrangement of collagen fibers,
the increased permeability of water, and the
fracture of the collagen network causes the
accumulated proteoglycan to spread out and
expose more anions, which further increases
the water content in cartilage which increases
with the T2 value of cartilage [23, 24].

In summary, the thickness of cartilage in the
patellar cartilage, femoral trochlear and medial
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femoral condyle of men is greater than that of
women. With age, only the femoral trochlear
tends to become thinner. The biochemical im-
aging index T2 mapping value of cartilage in
the same part of the knee and joint of diffe-
rent genders and different ages has no obvi-
ous change rule. The T2 mapping value of pa-
tients with osteoarthritis cartilage of the knee
joint was significantly changed compared with
normal patients. Therefore, this study believes
that when imaging cartilage of the knee, T2
mapping sequence can be selected for scan-
ning to observe whether the cartilage has a
lesion. However, there are still shortcomings
in this study, that is, the sample size is small,
and the results may have certain deviations. In
later study, we will increase the sample size to
verify the accuracy of the experimental results.
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