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ABSTRACT

Background: Diagnosing knee osteoarthritis (KOA) often relies on limited routine
methods. This study investigates the efficacy of T2 mapping and Apparent Diffusion
Coefficient (ADC) values in MRI for enhanced assessment of cartilage damage in KOA,
focusing on their correlation with pain severity. Materials and Methods: A total of 52
KOA patients (74 knee joints) and 50 healthy individuals (100 knee joints) were
assessed from May 2022 to June 2023. Both groups underwent MRI with Diffusion
Weighted Imaging (DWI) sequence and T2 mapping to analyze ADC and T2 mapping
values across femoral condyle, tibial plateau, and patellar joint surfaces, and their
correlation with pain levels. Results: The KOA group showed significantly higher ADC
and T2 mapping values in all examined areas compared to the control group (P<0.05).
These values were also higher in advanced stages of cartilage degeneration and
Keywords: Knee osteoarthritis (KOA), correlated positively. with inFreased pain .sco.res (P<0.0§). Conclusion..' MRI util.izing
magnetic  resonance imaging (MRI), DWI and T2 mapping provides a quantitative reflection of knee joint cartilage
diffusion-weighted imaging (DWI), 72  degeneration in KOA. These methods show a positive correlation with pain severity,
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INTRODUCTION

Knee osteoarthritis (KOA) is a common clinical
joint  pathology characterized primarily by
degeneration of joint cartilage and osteophyte
formation (1. When severe, this condition can cause
joint mobility impairments, significantly impacting
patients' quality of life (23). Prompt diagnosis and
treatment of joint cartilage damage are crucial for
improving the prognosis of patients with KOA.
Clinically, X-ray examination is commonly used for
detection, but it has the disadvantage of radiation
exposure (4. Magnetic resonance imaging (MRI) is an
effective, non-invasive, and radiation-free method for
directly visualizing joint cartilage damage. However,
traditional MRI imaging struggles to quantitatively
assess the degree of knee joint cartilage degeneration
and is less sensitive in detecting biochemical changes
©). Therefore, identifying accurate and highly
sensitive diagnostic methods for knee joint cartilage
degeneration is of great importance. Imaging
sequences such as T2 relaxation time mapping (T2*
mapping), diffusion tensor imaging, and diffusion
weighted imaging (DWI) can detect morphological
changes in the early stages of cartilage damage,

suggesting their potential for more accurate KOA diagnostics and assessment.

holding significant clinical value, and T2 mapping
technology has been initially used for quantitative
assessment of changes in biochemical components
within cartilage (6-7). Current research, both domestic
and international, mainly focuses on technologies like
T2* mapping and DWI, obtaining quantitative
parameters such as T2* mapping and Apparent
Diffusion Coefficient (ADC) values to assist in the
clinical diagnosis of KOA cartilage degeneration.
However, studies on the combined analysis of ADC
and T2* mapping in assessing KOA knee joint
cartilage damage are limited (6-7). In light of this, our
study measures and analyzes the T2* mapping and
ADC values in the knee joint cartilage of both healthy
individuals and KOA patients, exploring their
quantitative diagnostic value in KOA knee joint
cartilage damage.

MATERIALS AND METHODS

Baseline information

From May 2022 to June 2023, 52 KOA patients
with 74 knee joints were enrolled in the KOA group,
while 50 healthy individuals with 100 knee joints
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were enrolled as controls in normal group. This study
has been approved by The Ethics Committee of The
second Affiliated Hospital of Hainan Medical
University (Approval number: 202205031), and all
participants and their families have signed informed
consent. The clinical characteristics of the KOA group
and normal group were compared and shown in
table 1. Inclusion criteria were as follows: (1) KOA
diagnosis that met the standards ®); (2) no history of
lower limb trauma or surgery; (3) age > 30 years; (4)
informed consent from the subjects. Exclusion
criteria were as follows: (1) presence of gout,
rheumatoid arthritis, or other rheumatic diseases; (2)
history of intra-articular treatment in the past 2
months.

Table 1. Comparison of baseline information between KOA
group and control group.

Gender Age (years) BMI
Female Male gely (kg/m?)

Group N

KOA group |52[33 (63.46)[19 (36.54)[57.85+8.22(21.54+1.32

Control group|50|34 (68.00)(16 (32.00)|58.10+9.31|21.80+1.51

t/c 0.233 -0.144 -0.927
P 0.629 0.886 0.356

Examination methods

The imaging equipment used for the examination
was the Siemens Skyra 3.0T (Siemens Healthineers,
Erlangen, Germany) superconducting Magnetic
Resonance (MR) scanner. Standard T1-weighted
imaging (T1WI) and T2-weighted imaging (T2WI)
scans were performed. T2 mapping was performed
with the following parameters: Repetition Time
(TR)=1000 ms, Echo Time(TE)=9.9 ms, slice
thickness=4mm, gap=0.8mm, Number of Excitations
(NEX)=1. The acquired images were transferred to
the GE ADW 4.4 workstation(GE HealthCare, USA) for
analysis, and the Map software was used to process
the T2* mapping pseudo-color images. The T2
mapping values of the knee joint cartilage were
measured, and three measurements were taken and
averaged.

For the DWI sequence examination, DWI images
with a b value of 800 were selected on the Siemens
Syngo View workstation. Three regions of interest
were defined on the lateral condyle of the femur
medial plateau of the tibia, and articular surface of
the patella to obtain three ADC values. The average
value was taken as the final result.

The Visual Analog Scale (VAS) was used to assess
the patient's pain intensity, with a total score of 10. A
higher score indicates more severe pain (9.

Image analysis

The film readings were performed by two
associate chief physicians. If there were inconsistent
results, they would discuss and reach a consensus.
The severity of knee joint cartilage degeneration was
assessed according to the Recht MRI grading criteria.
The grading criteria are as follows: Grade 0: Smooth

cartilage surface with diffuse thinning; Grade I
Smooth cartilage surface with gradual loss of layered
structure and low signal intensity; Grade II: Cartilage
defect with a depth less than 1/2 and irregular
contour; Grade III: Markedly irregular cartilage
contour with a defect depth greater than half; Grade
IV: Signal changes in the cartilage bone and
full-thickness cartilage defect (10),

Statistical analysis

The Statistic Package for Social Science (SPSS)
22.0 software (IBM, Armonk, NY, USA) was used, and
the measurement data were expressed as mean *
standard deviation. The t-test was used to analyze the
differences between two groups, and the variance test
was used to analyze the differences among multiple
groups. The count data were expressed as n (%) and
analyzed using the chi-squared test to determine
differences between groups. The correlation between
ADC values, T2 mapping values, and pain scores was
analyzed using Pearson correlation analysis.
Statistical significance was set at P < 0.05.

RESULTS

Comparison of ADC values and T2-mapping values
between KOA group and normal group.

As shown in table 2, the comparison between the
KOA group and the control group revealed significant
differences in ADC and T2-mapping values across
various knee joint regions. In the KOA group (n=74),
ADC values were elevated in the lateral femoral
condyle (1.23+0.34 vs. 0.98+0.20), tibial lateral
platform (1.28+0.30 vs. 0.96+0.22), and facies
articularis patellae (1.20£0.28vs.1.01+0.25),
indicating altered diffusion characteristics.
Additionally, T2-mapping values were significantly
higher in the KOA group compared to the control
group in the lateral femoral condyle (44.45+5.54 vs.
36.68+4.18), tibial lateral platform (45.50£6.18 vs.
35.1745.20), and facies articularis patellae
(43.84+5.72 vs. 35.01+5.14). Statistical analysis
(t-tests) demonstrated highly significant differences
(p < 0.001) for all comparisons, emphasizing the
distinct imaging parameters between the KOA and
normal groups.

Table 2. Comparison of apparent diffusion coefficient (ADC)
values and T2-mapping values between Knee Osteoarthritis
(KOA) group and normal group.

Numb ADC value (10° mm?/s) T2-mapping value (ms)
= Lateral| Tibial Facies |Lateral| Tibial Facies
Group |of knee |, | . . . .
ioints |femoral lateral |articularis/femoral| lateral |articularis
) condyle|platform| patellae |condyle|platform| patellae
KOA 1.23+ | 1.28% 44.45% | 45.50+ | 43.84+
group| % | 034 | 030 |120%028 554 | 618 | 572
Control 0.98+ | 0.96% 36.68+ | 35.17+ | 35.01%
group 100 0.20 0.22 1.0120.25 4.18 5.20 5.14
t 6.072 | 8.120 4.709 [10.547| 11.951 | 10.676
P 0.000 | 0.000 0.000 | 0.000 | 0.000 0.000
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Comparison of ADC values and T2-mapping values
among KOA patients with different severity levels.
As shown in table 3, the comparison of ADC and
T2-mapping values among KOA patients with
different severity levels (III and IIIIV) revealed
notable distinctions. In patients with mild to
moderate severity (III, n=45), ADC values were
significantly lower in the lateral femoral condyle
(1.18+0.22 vs. 1.30+0.21), tibial lateral platform
(1.21£0.24 vs. 1.39+0.27), and facies articularis
patellae (1.15+0.23 vs. 1.28+0.21) compared to those
with severe KOA (IIIIV, n=29). Correspondingly,
T2-mapping values were markedly decreased in the
mild to moderate group compared to the severe
group in the lateral femoral condyle (42.26+5.10 vs.
47.85+5.19), tibial lateral platform (43.54+6.82 vs.
48.54+6.60), and facies articularis patellae

levels in KOA patients. Positive and statistically signif-
icant correlations were observed between pain scores
and ADC values in the lateral femoral condyle
(r=0.445, p<0.001), tibial lateral platform (r=0.482,
p<0.001), and facies articularis patellae (r=0.501,
p<0.001). Similarly, significant positive correlations
were found between pain levels and T2-mapping val-
ues in the lateral femoral condyle (r=0.463, p<0.001),
tibial lateral platform (r=0.442, p<0.001), and facies
articularis patellae (r=0.515, p<0.001). These find-
ings suggest a consistent association between the
severity of pain and both diffusion and T2 relaxation
characteristics in various knee joint regions among
KOA patients,as shown in table 5.

Table 4. Comparison of apparent diffusion coefficient (ADC)
values and T2-mapping values among Knee Osteoarthritis
(KOA) patients with different levels of pain.

demonstrated significant variations based on the
severity of pain. In patients with mild pain scores of
13 (n=24), ADC values were lower in the lateral
femoral condyle (1.13+0.17), tibial lateral platform
(1.19+0.12), and facies articularis patellae
(1.12+£0.11), along with decreased T2-mapping
values (40.82+4.82, 39.82+5.03, and 39.12+4.88,
respectively). As the pain severity increased to scores
of 46 (n=30) and 7~10 (n=20), ADC and T2-mapping
values exhibited a progressive elevation. Notably,
statistical analysis (ANOVA) revealed significant
differences (p < 0.001) among pain severity groups
for all measured parameters, indicating a correlation
between pain severity and alterations in imaging
metrics in KOA patients..Detailed information was
presented in table 4.

Correlation between ADC values, T2-mapping
values, and pain levels.

The table presents the correlation analysis
between ADC values, T2-mapping values, and pain

(41.17+5.80 vs. 47.98+6.00). The statistical analyses borl_ADC value (10°mm%/s) | T2-mapping value (ms)
(t-tests) demonstrated significant differences (p <  [severity N;"k" ' Lateral| Tibial | Facies |Lateral| Tibial | Facies
0.05) for all comparisons, indicating that ADC and of pain ojoi:tese femoral| lateral [articularisffemoral| lateral [articularis
T2-mapping values vary with different severity levels condylelplatform patellae jcondylelplatform patellae
pping y y 1~3 1.13% | 1.19% 0 11| 40.82% | 39.82% | 39.12%
in KOA patients. score | 2% | 017 | 012 |M12*011 480 | 503 | as8
) o . 4~6 1.25% | 1.29+ | 1.23t |44.42%| 43.42% | 43.08%
Table 3. Comparison of apparent diffusion coefficient (ADC) score 30 | 914a | 0.11a | 0.10a | 5.10a | 5.11a | 4.82a
values and T2-mapping values among Knee Osteoarthritis 7~10 20 1.32+ | 1.37+ | 1.30+ [48.85%| 48.18+ | 50.64+
(KOA) patients with different severity levels. score 0.15ab| 0.12ab | 0.12ab [4.98ab | 4.92ab | 4.90ab
ADC value (10-3 mmz/s) T2-mapping value (ms) F 8.850 | 13.348 | 14.585 |14.191| 15.059 | 15.059
Order of| I:;Irlrnl:eeer Lateral| Tibial | Facies |Lateral| Tibial Facies P - 0.000 0'900 0.000 ]| 0.000 0000 0.000
severity| . . femoral| lateral [articularis/femoral| lateral [articularis a: Comparison of group a with groups 1-3 showed a significance level
joints condyle|platform| patellae |condyle|platform| patellae of P<0.05; b: comparison of group b with groups 4-6 also showed a
+ n " T + significance level of P<0.05.
MR e
: : : : : Table 5. Correlation between apparent diffusion coefficient
N~V 29 1.30+ | 1.39¢ 1.28+0.21 47.85+ | 48.54+ | 47.98+ (ADC) value, T2-mappi | d pain | I
021 | 027 519 | 6.60 | 6.00 , pping value, and pain fevels.
t 2331 -2.999 | -2.454 [-4.571-3.117 | -4.865 Indicator Pain score
P 0.023 | 0.004 0.017 | 0.000 | 0.003 0.000 r P
ADC value of lateral femoral condyle 0.445| 0.000
Comparison OfADC values and TZ-mapping values ADC value Oftl.blal IaFeraI [.)Iatform 0.482 | 0.000
A tients with different levels Of ain ADC v.alue of facies articularis patellae 0.501| 0.000
among KOA pa p T2-mapping value of lateral femoral condyle 0.463| 0.000
The comparison of ADC and T2-mapping values T2-mapping value of tibial lateral platform 0.442] 0.000
among KOA patients with different levels of pain T2-mapping value of facies articularis patellae 0.515| 0.000

i

Grade IIl Grade IV
Figure 1. MRI grading criteria for the severity of cartilage
degeneration of the knee joint.

DISCUSSION

At present, arthroscopic examination is a common
method for diagnosing KOA, capable of evaluating the
degree of knee joint cartilage degeneration. However,
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it is an invasive procedure with high costs, making it
unsuitable for widespread use (1. MRI offers the
advantages of being non-invasive and simple to
operate, playing a crucial role in the assessment of
KOA lesions. This study aims to explore the value of
MRI's DWI sequence and T2* mapping imaging
technology in assessing cartilage degeneration in
KOA knee joints and their correlation with the
severity of pain.

The ADC values obtained from the DWI sequence
reflect the extent of molecular diffusion and are one
of the main quantitative measures in MRI (12), Studies
have shown (13) that ADC values play a significant role
in assessing joint cartilage lesions and are sensitive
and stable quantitative indicators. Our study reveals
that the ADC values of the femoral condyle, tibial
plateau, and patellar joint surface in the KOA group
are significantly higher compared to the normal
group. Previous research (14 has found that the
diffusivity of joint cartilage is related to its water
content, and DWI can examine this relationship. In
the KOA group, the rapid outflow of water from the
cartilage under load and the loss of proteoglycans
create a large expansion space, increasing the water
content. Combined with our study results, the
decrease in collagen and proteoglycan content within
the joint cartilage of KOA patients, and the increase in
water content, lead to elevated ADC values,
consistent with previous findings.

Our study indicates that the ADC values for the
femoral condyle, tibial plateau, and patellar joint
surface in grade III-IV knee joint cartilage
degeneration are significantly higher than those in
grades I-1I, and these ADC values positively correlate
with pain scores. As degeneration progresses, the
internal water content of the cartilage increases,
decreasing resistance and facilitating faster diffusion
of water molecules, further elevating the ADC values
(15), Research suggests (16) that the degree of pain in
patients correlates with the extent of local damage in
KOA. The DWI technique allows macroscopic
observation of water molecule movement, and
measuring ADC values can transform qualitative
analysis of joint pain into a quantitative analysis.
Understanding the correlation between ADC values in
KOA knee joint cartilage degeneration and
morphological and pain gradings, as well as their
patterns of change, can provide an imaging basis for
the clinical diagnosis and treatment of KOA.

T2* mapping is a method with advantages such as
short imaging time and high resolution, reflecting
changes in collagen cartilage, and plays a significant
role in examining joint cartilage lesions (17). Our study
shows that T2* mapping values in the KOA group are
significantly higher than those in the normal group.
T2* mapping values are influenced by collagen
content and water molecule content. Previous
studies have used this technique for diagnosing
intervertebral disc degeneration, where the

technique typically uses red and blue colors to
represent the abundance or scarcity of water,
enabling the acquisition of information about the
content of water, proteins, and collagen substances,
and can also describe the arrangement of collagen
fibers and changes in the fibrous ring, thereby
reflecting the degree of cartilage degeneration (18).
Combined with our results, in the early stages of KOA,
a decrease in joint cartilage collagen in patients
necessitates the absorption of more water, reducing
anisotropy and causing an increase in T2* mapping
values. Our study shows that T2* mapping values for
the femoral condyle, tibial plateau, and patellar joint
surface in grade III-IV knee joint cartilage
degeneration are significantly higher than those in
grades I-1I. Previous studies have found (19 that T2*
mapping values, as a means of diagnosing patellar
cartilage damage, correlate positively with the degree
of cartilage damage, similar to our findings. Combined
with our study results, in KOA knee joint cartilage
degeneration, the higher the disease grading, the
higher the T2 values in T2* mapping sequence
imaging. T2* mapping imaging can detect changes in
cartilage tissue composition and differentiate
between different disease severity levels. The more
severe the knee joint cartilage degeneration, the
higher the water content in the cartilage, and the
more significant the increase in T2* mapping values.
T2* mapping sequence imaging can provide a basis
for the clinical diagnosis, treatment, and grading
assessment of KOA and is worthy of clinical
application. However, T2* mapping sequence imaging
measurements are influenced by background
uniformity and chemical shifts, necessitating further
exploration.

The results of this study showed that the ADC
values of the femoral condyle, tibial plateau, and
patellofemoral joint surface of the knee joint were
significantly higher in patients with higher pain
scores compared to those with lower pain scores. This
suggests that quantitative ADC parameters obtained
from magnetic resonance diffusion-weighted imaging
(DWI) can indirectly reflect the level of pain in
patients. These findings are consistent with previous
research. Pearson correlation analysis in this study
showed a positive correlation between the
T2-mapping values of the femoral condyle, tibial
plateau, and patellofemoral joint surface and the pain
scores, indicating that T2 mapping values are of
significant importance in the quantitative analysis of
knee joint cartilage degeneration.

DWI is commonly used for the diagnosis of central
nervous system diseases and its application in
musculoskeletal disorders has been increasing in
recent years (20). Magnetic resonance T2 mapping
imaging can quantitatively evaluate the compositional
changes in articular cartilage tissue and has good
sensitivity. This study combined the use of these two
techniques to investigate their value in assessing KOA
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cartilage degeneration and their correlation with
pain levels, which has important clinical significance.

In conclusion, magnetic resonance DWI and T2
mapping effectively quantify knee cartilage
degeneration in KOA, showing elevated ADC and T2
values, particularly in advanced stages and with
increased pain severity. These non-invasive
techniques offer valuable diagnostic insights,
demonstrating their potential as crucial tools for
assessing KOA severity and guiding treatment
decisions.
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