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Abstract  

The knee is the largest flexion joint of the human body. Its structure is complex, for instance, it can 

withstand strong leverage, but nevertheless it is extremely vulnerable. In recent years, with the changes in 

people's lifestyles and increasing pressure in work and life, the risk of knee joint injury, especially the risk of 

meniscus and articular cartilage damage, has increased significantly. Arthroscopy is the golden standard for 

the diagnosis of knee injury, but it has certain limitations in the early and convenient diagnosis of the injury. 

Moreover, although this examination is an invasive operation, it may causes a certain degree of secondary 

damage to the patient during the examination. Magnetic resonance imaging (MRI) T2 mapping technology is 

a new MRI technology that is developed in recent years. It can indirectly reflect the structures and 

histological composition of articular cartilage before the morphological changes of articular cartilage. 

Therefore, this technique is of great significance for early knee injury diagnosis. In this article, we reviewed 

the basic physiological and pathological changes before and after knee injury, as well as the conventional 

knee joint technique, focusing on the imaging principle and diagnostic advantages of the T2 mapping 

sequence and comparing it with conventional MRI sequences. 
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Introduction  

The knee joint is the largest, most complex, 

most durable and most vulnerable joint in the 

human body (1). Its function is to adjust the 

distance between the pelvis and the foot to complete 

mailto:Glo_J_Iim@126.com
http://naturescholars.com/gjiim2019010102
https://doi.org/10.46633/gjiim.010102


Global Journal of Imaging and Interventional Medicine              Dec. 31, 2020, Vol 1, No 1 

©Scholars Publishing, LLC                                     http://naturescholars.com 

3 

various activities. The knee joint has a large 

negative gravity between the lower limb and the 

femur and tibia, and the articular cartilage has a 

non-learning effect on the shape and function of the 

joint, and the knee joint cartilage damage is quite 

common. In foreign countries, some scholars have 

done statistics, and more than 60% of patients 

undergoing arthroscopy have articular cartilage 

damage (2). Therefore, it is necessary to develop a 

simple, non-invasive technical method to evaluate 

the early damage of the knee joint. As a 

non-invasive imaging test, MRI is easy to operate 

and procedurally strong. MRI routine sequences are 

often used to assess anatomical and morphological 

changes in knee joint cartilage (3). With the 

continuous updates of MRI equipment and the 

continuous innovation of various inspection 

techniques, the diagnostic accuracy of knee joint 

injuries has also been continuously improved. 

Especially for the knee joint ligament, muscle, 

meniscus and cartilage of knee joint, the diagnostic 

effect is more obvious, because the test results are 

more intuitive and the misdiagnosis rate is relatively 

low. Thus, it has been widely used in clinical 

examination. In recent years, with the continuous 

development of molecular biology, molecular 

imaging methods have become one of the most 

commonly used techniques for studying the 

physiology of articular cartilage physiological 

imaging technology at home and abroad. T2 

mapping can be used as a marker to evaluate 

cartilage tissue repair (4). It quantifies the changes 

in tissue components in the articular cartilage by 

measuring the MRI T2 relaxation time, which can 

be visualized more visually before morphological 

changes occur after cartilage injury (5, 6). A 

number of studies have shown that its great value in 

the early diagnosis of knee osteochondral injury. 1.5 

Tesla and above devices produced by most 

manufacturers in  

 

Figure 1. uMR780 magnetic resonance imaging equipment 

developed by Shanghai United Imaging Healthcare Co., 

Ltd.  

China, almost all can process T2 mapping 

technology. The most representative one is the 

uMR570 series independently developed by 

Shanghai United Imaging (Figure1). The purpose of 

this article is to explore the clinical value of this 

new technology in knee cartilage injury. 

1. Normal structure of knee joint articular 

cartilage 

The hyaline cartilage of the knee joint is a 

special connective tissue containing type II collagen 

fibers. In histology, it is divided into 4 layers, the 

outermost surface layer, the middle transition layer, 

the lower radioactive layer and the deepest calcified 

layer (7). The surface layer is mainly composed of 

dense collagen fibers parallel to the cartilage 

surface, and has low permeability to liquid flow; the 

transition layer is located between the surface layer 

and the deep layer, and the collagen fibers are 

randomly or obliquely arranged, rich in 
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proteoglycans; The collagen fibers are bundled in a 

large bundle and arranged perpendicular to the 

subchondral bone surface. The deepest layer 

contains a small amount of protein polysaccharide 

where there is a wavy tidal line between the 

calcified layer and the subchondral layer, which is 

composed of dense collagen fibers parallel to the 

cartilage surface. MRI signal characteristics of 

articular cartilage can reflect tissue structure and 

biochemical characteristics, which are affected by 

different scan sequences and parameters. For 

example, in the FSE T2WI sequences, its signal do 

reflect the structural characteristics of the cartilage 

surface containing three layers. Many scholars have 

performed MR signal performance on normal 

articular cartilage (8). Histologically controlled 

studies and analysis of multi-slice MRI findings 

have many explanations for the causes of 

delamination of articular cartilage on MRI, and the 

phenomena observed are not completely uniform 

(9).  

2. Pathological basis of articular cartilage 

injury 

The early stage of articular cartilage injury is 

characterized by focal changes in the surface layer 

and shallow fragmentation of the cartilage matrix, 

such as cilia tears on the joint surface. The fissure 

progresses gradually, and the surface of the joint 

surface is called exfoliation. When the cartilage is 

involved, it is called cartilage fibrosis (10-12). 

Under the combined action of various pathogenic 

factors, the crack affects the whole layer of cartilage 

and changes in the metabolism of cartilage matrix. 

Among of them, the most important manifestation is 

the decrease of the concentration of proteoglycan. 

After the articular cartilage was finally completely 

worn, and the subchondral bone was exposed 

(13-15). In the progress, the earliest pathological 

changes of subchondral bone are bone micro-injury 

and bone marrow edema. Further development 

leads to subchondral bone hyperplasia, cartilage 

thinning and exfoliation, until the articular surface 

of the bone is exposed, that is, the bone is ivory-like. 

The exfoliated cartilage and broken bone fragments 

form a free body in the joint cavity. Increased 

intra-articular pressure leads to local tissue necrosis 

and loose structure. Pseudocysts are formed in the 

subchondral bone, and osteoporosis is formed by 

bone hyperplasia at the joint edge. Subchondral 

bone changes after chronic cartilage injury last for 

10 to 20 years, or even longer, but in general, 

symptomatic patients have more obvious 

subchondral bone abnormalities (16). 

3. Conventional sequence of MRI for the 

diagnosis of knee cartilage injury 

MR imaging by GE Signa 3.0 T HDxt is a 

typical example for MRI routine inspection. 

Scanning sequences include FSE sequence sagittal 

fat inhibition proton density image, FSE sequence 

sagittal T1WI, FSE sequence coronal fat 

suppression proton density image, FSE sequence 

coronal T1WI, sagittal 3D T1WI FSPGR and 

sagittal 3D T2WI Cube Sagittal T2 mapping. The 

main scanning parameters are shown in Table 1. 

4. Diagnosis of knee joint cartilage injury by 

MRI T2 mapping sequence 

A study by Taehee Kim et al. showed that T2 
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mapping was associated with histological 

degeneration of the cartilage, it may be a 

biomarker for osteoarthritis articular cartilage. So 

T2 mapping may be more beseem for the early 

diagnosis of articular cartilage degeneration in the 

knee joint (17). 

Table 1: MRI main scan parameters for knee articular cartilage 

Sequence TE 

(ms) 

TR 

(ms) 

FOV 

(cm) 

Thickness/

gap(mm) 

Scanmatrix NEX 

FSE PD FS 31.6 1860 16×16 5.0/1.0 320×256 2 

FSE T1WI 10.4 440 16×16 5.0/1.0 320×224 2 

3D Cube 2.4 3000 25×25 1.2/-0.6 288×288 1 

3D FSPGR 116.5 6.6 18×16.2 1.2/-0.6 320×256 1 

T2-mapping 30,60,90,120 2400 20×20 4.1/1.0 256×192 1 

4.1 Principles of imaging technology for T2 

mapping  

T2 mapping technology is a widely used MRI 

physiological imaging technique applied to cartilage 

both at home and abroad(4). It uses a multi-layer 

and multi-echo spin echo sequence to form a 

pseudo-color image through post-processing of the 

workstation, and then measures the T2 value of the 

tissue by ROI (Figure 2) to achieve quantitative 

evaluation of organizational structure (18). T2 

mapping imaging refers to the technical process of 

obtaining T2 relaxation time map that can be 

generally divided into two basic steps. Firstly using 

multi-layer and multi-echo SE sequence, scanning 

with the same TR time and multiple different TE 

times Obtain the T2WI series was obtained; then, 

use the formula S(t)=so exp(-7t/T2) was used to 

calculate the T2 value of each voxel (voxel) in 

T2WI. After calculating the pixels and voxels, the 

reconstructed image can be quantified by analysis 

of color-order or gray-scale of T2 relaxation time 

images. The T2 values can reflect the specificity of 

the tissue by describing the attenuation of the 

transverse magnetization vector of the tissue. The 

value of the MR signal by measuring different echo 

times is calculated by the equation formula (19). 

The T2 value in T2 mapping imaging is one of the 

non-invasive indicators for detecting cartilage 

degeneration as it is sensitive to hydration and 

molecular changes in tissues. Changes in the 

internal macromolecules before the general 

morphology of the cartilage changes, cause 

corresponding changes in their moisture content. 

Because T2 mapping technology is very sensitive to 

tissue water and biochemical structures. The 

combination of water protons in cartilage 

collagen-proteoglycan promotes the attenuation of 

T2 value, which reduces the signal of cartilage on 

T2WI, while the free water proton in surrounding 

synovial fluid is high signal. When the collagen and 

proteoglycan in the cartilage are reduced, the signal 

on the T2WI is also increased, and the edema of the 

cartilage also enlarges this effect. Therefore, the 

matrix changes and edema changes of cartilage can 

be reflected in T2 mapping, so the T2 relaxation 

time map can detect the changes of early 

osteoarthritis (OA) early cartilage matrix 
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macromolecules before the obvious changes in articular cartilage morphology (13, 14).

 

Figure 2 Magnetic Resonance Imaging T2 Mapping in Detecting Early Knee Joint Injury From the top left to the bottom right 

are: A) the amplitude map of the second echo of SE_ME, and B) mark the area of interest on the articular cartilage; C) the result of 

the T2 mapping image fused to the PD anatomy in pseudo-color form; D) T2 mapping corresponding to the signal value statistics of 

different ROI regions of the articular cartilage on different echoes; E) the average value of the signal values corresponding to the 

different echoes of the ROI regions of the articular cartilage; F) T2 mapping. 

4.2 Clinical application value of MRI T2 

mapping  

Although the traditional MRI examination 

sequence can better display the morphology of 

articular cartilage, it is difficult to clearly show the 

pathophysiological changes before and after 

morphological changes, including changes in 

components and matrix, and the changes in these 

signals are also lacking of specificity. In addition, 

early changes before morphological changes are 

difficult to observe, so the diagnostic accuracy of 

cartilage damage needs to be further improved. As 

is mentioned earlier, the T2 value in T2 mapping 

reflects the water content in the articular cartilage, 

and the change of its internal macromolecules 

before the gross morphological changes of the 

cartilage will cause a corresponding change in its 

water content. The T2 mapping technique is very 

sensitive to changes in tissue water and biochemical 

structures. The T2 value depends not only on the 

type of scan sequence, but also on the method of its 

calculation. Images obtained with MESE and FSE 

are smoother, and cartilage-meniscus is better than 

SESE and TGSE. The TGSE scan time is short and 

can be used for high resolution T2 mapping. Due to 

the thin structure of the cartilage tissue, the shorter 

T2 value, and its poor signal-to-noise ratio, the main 

TE value of the MRI signal is determined, so a 

longer TE value can be used to obtain a better signal 

(20). 

There have been research results where the 
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MR T2 mapping technique was used to compare the 

T2 values between group B and group A (21). The 

statistical data showed that the difference in mean 

T2 values between the two groups was statistically 

significant. In group A, the average T2 value was 

significantly higher than that of group B, and the T2 

value of group A had a strong correlation with 

WORMS score (r=0.405 ～ 0.847, P<0.01), 

indicating that the measurement of T2 value by MR 

T2 mapping technique can be early and sensitively 

reflecting changes in cartilage water content and 

biochemical composition, combined with 

appropriate cartilage scoring standards, quantitative 

observation and evaluation of articular cartilage 

lesions can effectively guide clinical diagnosis and 

treatment. 

Studies by Matzat SJ et al. have shown that 

MRI T2 mapping can be used for early detection of 

knee cartilage matrix degeneration. When using the 

T2 mapping technique clinically, it is necessary to 

consider the spatial variation of the T2 relaxation 

time, rather than simply using absolute values (22).  

5.0 Conclusion and prospects of MRI T2 

mapping 

In general, this article reviews the conventional 

MRI sequence of knee joint injury from the normal 

physiological anatomy of the knee joint and 

explores the new MRI T2 mapping technique. At 

present, T2 mapping technology still has certain 

limitations. For example, the measurement of T2 

value is easily affected by related factors such as 

background uniformity, partial volume effect, 

magic angle effect and chemical shift (23). In 

addition, the T2 value of knee cartilage increases 

with age. We believe that with the continuous 

development of medical technology, these 

shortcomings will be overcome. The T2 mapping 

sequence will provide some significant guidance for 

the clinical diagnosis of knee joint cartilage injury. 
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