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ABSTRACT

Introduction: The integrity of articular cartilage determines the functional state of the joint. In recent
years, the development of MRI sequences of various articular cartilage has become the focus of many
research topics. Objective: The accuracy of diagnosis of knee cartilage injury caused by motion injury was
studied retrospectively by meta-three-dimensional software. Methods: Forty-six knee joints of 45 patients
with sports injuries, multi-sequence MRI was performed before surgery, including conventional knee MRI
(SETTWI, FSEPD/T2WI), 3D SPGR, and 3D FIESTA sequences. Results: According to the operation results,
the sensitivity, specificity, positive predictive value, and negative predictive value of 3D SPGR combined
with conventional MRI sequence evaluation of cartilage damage are the highest, 73%, 98%, 95%, and 90%.
Conclusions: 3D SPGR combined with conventional MRI sequences can improve accurate evaluation and
diagnosis of cartilage disease over a reasonable scan time. Level of evidence II; Therapeutic studies - in-
vestigation of treatment results.

Keywords: Wounds and injuries; Knee; Diagnostic imaging.

RESUMO

Introdugdo: A integridade da cartilagem articular determina o estado funcional da articula¢ao. Nos ltimos anos,
o desenvolvimento de sequéncias de ressondncia magnética de vdrias cartilagens articulares se tornou o foco de
muitos topicos de pesquisa. Objetivo : A precisdo do diagndstico de lesdo da cartilagem do joelho causada por lesdo de
movimento foi estudada retrospectivamente por software meta-tridimensional. Métodos: Quarenta e seis articulacées
de joelho de 45 pacientes com lesées esportivas, vdrias sequéncias de ressondancia magnética foram realizadas antes
da cirurgia, incluindo ressondncia magnética de joelho convencional (SET1WI, FSEPD / T2WI), 3D SPGR e sequéncias
3D FIESTA. Resultados: De acordo com os resultados da operacdo, a sensibilidade, especificidade, valor preditivo
positivo e valor preditivo negativo de 3D SPGR combinado com avalia¢do de sequéncia de ressondncia magnética
convencional de danos na cartilagem sGo os mais altos, 73%, 98%, 95% e 90%. Conclusoes: 3D SPGR combinado com
sequéncias convencionais de ressondncia magnética pode melhorar a avaliacdo precisa e diagndstico de doen¢a
da cartilagem em um tempo de varredura razodvel. Nivel de evidéncia Il; Estudos terapéuticos- investigagdo
dos resultados do tratamento.

Descritores: Ferimentos e lesées; Joelho; Diagndstico porimagem.

RESUMEN

Introduccion: La integridad del cartilago articular determina el estado funcional de la articulacién. En los
ultimos arios, el desarrollo de secuencias de resonancia magnética de varios cartilagos articulares se ha convertido
en el foco de muchos temas de investigacion. Objetivo : La precision del diagndstico de la lesion del cartilago de
la rodilla causada por una lesién por movimiento se estudid retrospectivamente mediante un software meta-tri-
dimensional. Métodos: Cuarenta y seis articulaciones de rodilla de 45 pacientes con lesiones deportivas, se realizé
una resonancia magnética de secuencia multiple antes de la cirugia, incluida la resonancia magnética de rodilla
convencional (SETIWI, FSEPD/T2WI), secuencias 3D SPGR y 3D FIESTA. Resultados: De acuerdo con los resultados
de la operacioén, la sensibilidad, la especificidad, el valor predictivo positivo y el valor predictivo negativo de 3D
SPGR combinados con la evaluacién de la secuencia de resonancia magnética convencional del dafo del carti-
lago son los mds altos, 73%, 98%, 95% y 90%. Conclusiones: 3D SPGR combinado con secuencias de resonancia
magnética convencionales puede mejorar la evaluacién y el diagndstico precisos de la enfermedad del cartilago
en un tiempo de exploracidn razonable. Nivel de evidencia Il; Estudios terapéuticos- investigacién de los
resultados del tratamiento.

Descriptores: Heridas y lesiones; Rodilla; Diagnéstico porimagen.
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INTRODUCTION

The integrity of articular cartilage determines the functional state
of the joint. A rapid and non-invasive diagnostic technique is needed
clinically to assess cartilage conditions.” In recent years, the develop-
ment of MRI sequences of various articular cartilage has become the
focus of many research topics. The purpose of this test is to compare
the evaluation differences of several MRI sequences for traumatic knee
cartilage injury and use the surgical results as the reference standard.

METHODS
Case selection

In this experiment ,46 knee joints of 45 patients were selected. Of
the 45 cases 27 were male and 18 were female. age between 19 and 62
years (mean 31 years), with less than 6 months between motor injury
and MRI scans in all cases.

MR scan

The paper uses GE1.5T superconducting MR (Signa; General Electric
Medical Systems, Milwaukee, WI), knee joint coil.

Scan time: coronal TTWI3min34s, coronal or sagittal PD/T2WI scan
time is 3min47s, 3D SPGR sequence scan time is 4min55s-5min59s, 3D
FIESTA sequence scan time is 4min41s-5min17s.

Image analysis

Doctors successively evaluated 3D SPGR, 3D FIESTA, and 3D
SPGR combined with conventional MRI sequence (SET1WI, FSEPD/
T2WI) images.?

The paper is evaluated by the improved Noyes classification system:
0 levels. The signal is standard, and the thickness is uniform; level 1.
A local signal is abnormal, and a cartilage surface is not abnormal;
Grade 2. Superficial ulcer or fissure, the depth does not exceed 50%
of the full cartilage; grade 3. Deep ulcer or fissure, more than 50% of
cartilage but <100%; grade 4. Full-thickness cartilage defects may be
accompanied by subchondral bone damage. When cartilage lesions
of different degrees exist in the same area simultaneously, the highest
level shall prevail.

Forty cases underwent arthroscopic surgery, of which one had both
knees. Five cases received open surgery. All operations were performed
within seven days after the patient underwent MRI

We use Kwon3D software to start the sample collection. The shape of
amodel in the three-dimensional space needs 3n parameter expressions.
The main component.* The calculation steps are as follows: We use the
paired points of the sample set to establish the covariance matrix Cov:

1 £ - =T
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Amongthem: S; = (x,, ¥, 2, x,,¥,,2,) S =5 2 S;; Sisthe
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average model of the training set; solve the eigenvector and eigenvalue
A according to the covariance matrix:
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The geometric deformation characteristics of each model §; inthe
sample set are expressed as follows:

S.(a)=S+ fl ay Pty 5
P

Rev Bras Med Esporte - Vol. 27, N2 5, 2021

Among them: a is the deformation coefficient, and its dimension
is consistent with the number of selected eigenvalues, which is much
smaller than 3n. Usually select the first few eigenvalues whose cumulative
value accounts for 95% of the eigenvalues'sum, as shown in Figure 1.

Two-dimensional fluoroscopy can adopt a single C — arm system
ordouble C — arm system oradopt SHIMADZU a digital X-ray mul-
tifunctional perspective photography system for multi-angle imaging.
The three-dimensional model has 6 degrees of freedom in space, and six
parameters can be used to express (x, y, z,a, B, y) . According to the
projection system's known parameters, the spatial projection relationship
is established,> and the above six parameters can be obtained through
optimization calculation. The objective function is defined as follows:

F Ny F Ny
1 1 : 2
I=% -2di=3 ~Ylgl -0 | )
f=177t=1 f=1""ft=1

Among them: F is the number of perspective images used; g is the
target contour manually selected in the two-dimensional image before
the optimization calculation; N is the number of points selected at equal
intervals on the contour; d, is the selected point to the solution the
vertical distance between the outer contours. The three-dimensional
model to be registered in the imaging space is projected on the imaging
plane through a virtual point ray source. The outer contour Q is solved
by the automatic extraction algorithm of the target contour®

To determine the initial position of the deformable model, we re-
gister each model and two-dimensional image in the statistical model
training set, optimize and calculate a series of spatial positions, and
record the final error J;:

J =

1

min /; (5)

x.y.z.a,8.y

Amongthem: ¢ is the objective function established by registering
the i-th model and the two-dimensional image in the statistical model
training set. Based on this, the initial position matrix is calculated:

M,, = {x.y’jz\,/[aﬁ,y | min(Ji),i =1:P} ©6)

To reconstruct the personalized target model S'. The two-di-
mensional knee joint image used in this study has complex boundary
information.” Suppose the boundary information obtained by the ima-
ge gradient calculation is used to reconstruct the knee joint model.

Compactness of femur shape model

Precision

Robust
Focused joint
Focused BCl

Number of modes

Figure 1. Femoral model eigenvalue distribution.
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Therefore, the paper uses manually selected target contours to control
the deformation and establish the objective function 1"

I'= fi%g‘»—Q(S')f 7)
fL N o ol

— m
Among them: S'=MS +MZ_: aq\/@‘/qulq is the deformation
coefficient. Optimize the minimurd value J ' of the objective function:

J'= min /' (8)

4,8y ,+,4,

We obtain the deformation coefficient through the above calculation,
and the calculation is the generated three-dimensional personalized
knee joint model of the specific bone (femur, tibia, patella). This study’s
optimization problems are all nonlinear optimization, using MATLAB's
function embedded algorithm: large-scale optimization uses the internal
mapping Newton method, and medium-scale optimization uses the
sequential quadratic programming method

Statistical analysis

The author chose grades 0 and 1 (complete cartilage surface) as
harmful and grades 2, 3, and 4 (different degrees of cartilage defects) as
positive. The paper calculates the sensitivity, specificity, and accuracy of
3D SPGR, 3D FIESTA, conventional MRI, and 3D SPGR. Simultaneously, the
paper uses the Wilson scoring method to calculate the 95% confidence
interval of sensitivity and specificity and uses the McNamara statistical
method two-tailed precision table to compare the significant differen-
cesin each of the cartilage grading diagnoses sequence of MRI. P<0.05
indicates that the difference is statistically significant.

RESULTS

According to knee arthroscopy results or open surgery, 158 articular
cartilage surfaces were standard (grade 0), and 55 cartilage surfaces
showed limited softening or discoloration (grade 1). The number of
grades 2, grade 3, and grade 4 cartilage abnormalities was 47, 7, and 9.
The incidence of cartilage changes was 43% (118/276), and the incidence
of cartilage defects was 23% (63/276).

The articular cartilage damage was graded through each sequence
of images (Figure 2 and Figure 3).In the 3D SPGR sequence, 105 articular
surfaces were considered normal (level 0), and 85 at level 1. The number
of grades 2, grade 3, and grade 4 were 70, 9, and 7, respectively, and
the complete agreement rate with the surgical diagnosis of cartilage
damage of each grade was 53%. In the 3D FIESTA sequence, there are
88 places at level 0, 106 places at level 1, 67 places at level 2, 6 places
at level 3, and 9 places at level 4. The complete agreement rate with
surgical-grade is 60%, which is higher than the complete agreement rate
of 3D SPGR, but There was no statistically significant difference between
the two (P=0.85). The combination of 3D SPGR and conventional MRI
sequences determined that the number of grade 0 and grade 1 were
148 and 63, respectively, and the number of grades 2, 3, and 4 were 49,
7,and 9, respectively.’ The complete agreement rate with the surgical
results was the highest (85 %). Still, there was no statistically significant
difference in the complete agreement rate with the above two sequences
(P values were 0.33, 0.86, respectively) (Table 1).

The thesis calculated the sensitivity, specificity, and accuracy of the
six knee joint surfaces (Table 2) and the positive and negative predictive
values of each MRI technique (Table 3).
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Figure 2. MRl image of grade 2 lesions of patellar cartilage.

Figure 3. MRl image of grade 4 lesions of femoral cartilage.

Table 1. Comparison of MRI classification and surgical diagnosis results.

MRI classification Surgery Total
3D-SPGR Level 0 | Level 1 | Level 2 | Level 3 | Level 4
Level O 84* 8 13 0 0 105
Level 1 42 32% 10 1 0 85
level 2 31 14 22% 2 1 70
Level 3 1 1 2 3% 2 9
level 4 0 0 0 1 6* 7
total 158 55 47 7 9 276
3D-FIESTA
Level 0 79% 2 7 0 0 88
Level 1 46 47* 12 1 0 106
level 2 33 5 27* 2 0 67
Level 3 0 1 1 4* 0 6
level 4 0 0 0 0 9* 9
total 158 55 47 7 9 276
3D-SPGR
combined with
conventional MRI
Level O 141* 5 2 0 148
Level 1 14 41* 8 0 0 63
level 2 3 9 37* 0 49
Level 3 0 0 0 7* 0 7
level 4 0 0 0 0 9* 9

Note: The data in the table is the number of cartilage articular surface classification statistics. *Means that the
surgical grade is entirely consistent with the MRI grade.
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Table 2. Diagnostic results of each scan sequence.

Sequence | True positive * | False-positive* | True negative* | False-negative* | Sensitivity (%) * | Specificity (%) * | Accuracy (%)
3D-SPGR
LFC 11 5 23 7 61(55,78) 82(74,92) 74
MFC 13 5 24 4 76(68,89) 83(72,95) 80
LTP 8 3 30 5 62(54,76) 91(86,95) 83
MTP 10 3 30 3 77(65,88) 91(85,97) 87
Trochlea 8 3 32 3 73(62,89) 91(87,97) 87
Patela 13 4 21 8 62(57,80) 84(78,94) 74
total 63 23 160 30 68(54,77) 87(79,96) 81
3D-FIESTA
LFC 10 1 24 11 48(29,56) 96(84,98) 74
MFC 12 1 21 12 50(41,66) 95(76,97) 72
LTP 8 5 26 7 53(42,68) 84(71,92) 74
MTP 10 5 24 7 59(44,70) 83(74,90) 74
Trochlea 8 5 26 7 53(38,67) 84(75,92) 74
Patela 13 4 22 7 65(49,74) 85(79,91) 76
total 61 21 143 51 54(43,68) 87(77,94) 74
3D-SPGR combined with conventional MRI

LFC 9 0 33 4 69(51,78) 100(76,100) 91
MFC 13 1 29 3 81(7091) 97(81,99) 91
LTP 5 0 38 3 63(54,77) 100(77,100) 93
MTP 9 0 32 5 64(56,78) 100(74,100) 89
Trochlea 8 1 36 1 89(74,95) 97(84,99) 96
Patela 13 1 27 5 72(69,88) 96(78,98) 87
total 57 3 195 21 73(64,89) 98(79,99) 91

Note: *The data in the table represents the number of cartilage articular surface classification statistics. % The data in brackets represent the 95% confidence interval.

Table 3. Comparison of results of each sequence with surgical results.

3D-SPGR
MRI sequence 3D-SPGR 3D-FIESTA combined with
conventional MRI
True positive 63 61 57
False positive 23 21 3
True negative 160 143 195
False negative 30 51 21
Positive predictive 73(63/86) 74(61/82) 95(57/60)
value (%)
Negative predictive | g1 60/190) 74(143/194) 90(195/216)
value (%)
Sensitivity (%) 63(63/93) 54(61/112) 73(57/78)
Specificity (%) 87(160/183) 87(143/164) 98(195/198)
DISCUSSION

The structure and function of articular cartilage are complex, and
small trauma may cause its damage.'®

This experiment shows that 3D SPGR sequence imaging can more
accurately evaluate knee cartilage lesions with a sensitivity of 64%, the
specificity of 87%, and accuracy of 80%."!

In this study, 3D FIESTA images showed a high agreement rate (60%)
between the diagnosis of knee hyaline cartilage lesions and surgical
results; the sensitivity and specificity were 54% and 87%.

When combining 3D SPGR and conventional MRI sequences in the
diagnosis of cartilage lesions, the sensitivity and specificity of the paper
are 73% and 98%, respectively, and the positive and negative predictive
values are 95% and 90%, respectively, which are similar to the use of 3D
SPGR or 3D FIESTA sequence alone.'?

CONCLUSION

In summary, the results of 3D SPGR and 3D FIESTA sequences in
diagnosing cartilage lesions are similar. By appropriately reducing NEX,
the former’s imaging time can be shortened to a reasonable range for
clinical application. The thesis combines the 3D SPGR technology with
the conventional MRI sequence of the knee joint, which can make a
more accurate diagnosis of cartilage and make a more comprehensive
evaluation of other tissue structures in the knee joint.
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