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Application value of 3D CS - SPACE sequence based on compressed sensing in the

diagnosis of acromioclavicular joint injury
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[Abstract] Objective: To assess the value of sampling perfection with application optimized contrast using different flip angle
evolution (SPACE) sequence combined with compressed sensing (CS) technique in the diagnosis of acromioclavicular joint injury.
Methods: Total 34 patients with a history of shoulder trauma and suspected acromioclavicular joint injury in the First Affiliated
Hospital of Nanjing Medical University were prospectively included form May, 2023 to February, 2024. Conventional 2D magnetic
resonance sequence and 3D CS-SPACE sequence scanning based on CS were performed on the patients. Signal intensity and standard
deviation of long head tendon of biceps and bone marrow cavity of humerus were measured on two sets of images, and SNR and CNR
were calculated. Three doctors assessed the injuries of the acromioclavicular joint through two sets of images and gave their diagnostic
confidence rating. The SNR, CNR of bone marrow cavity and biceps long tendon, and diagnostic confidence ratings were compared
between the two groups. The diagnostic consistency of the three doctors in conventional 2D images and 3D CS-SPACE images was
analyzed respectively, and the diagnostic consistency between the two sets of images was evaluated. Results: In the objective
evaluation of image quality, SNR and CNR of 3D CS-SPACE image were obviously better than that of conventional 2D image. For the

two groups of images, two doctors” ratings of 3D CS-SPACE images were significantly higher than those of conventional 2D images, and
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one doctor’ s ratings had no significant difference. The three doctors demonstrated a strong agreement in the evaluation of

acromioclavicular joint injury on both conventional 2D images and 3D CS-SPACE images (k>0.6) , and there was a high consistency in

the evaluation of acromioclavicular joint injury between the two groups of images (k >0.6). Conclusion: For the diagnosis of

acromioclavicular joint injury, 3D CS-SPACE sequence images has high consistency with conventional 2D images, and 3D CS-SPACE

sequence can shorten the scanning time and obtain better image quality.

[Key words ] magnelic resonance imaging; compressed sensing; acromioclavicular joint; injury; diagnosis
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Table1 Magnetic resonance scanning parameters
2D 3D CS-SPACE
Parameter Axial Coronal Sagittal Coronal

PdWI TIWI PAWI TIWI PdWI TIWI PdWI TIWI
TR (ms) 3050 512 3450 470 2790 470 1 000 400
TE(ms) 39 10 32 12 26 12 22 21
FOV(mm) 160x160  160x160  180x180  180x180  180x180  180x180  220x220  220%220
Thickness(mm) 3 3 3 3 3 3 | 1
Interval (mm) 0.6 0.6 0.9 0.9 0.6 0.6 0 0
Matrix (mm) 320x256  320x256  320x240  320x240  384x512  384x512  224x224  224x224
Time(s) 106 140 146 110 140 110 234 217
Accelerated factor(PI/CS) 2 2 2 2 2 2 3 3

Conventional 2D sequences were accelerated through parallel acquisition, whereas 3D CS-SPACE sequences employed compressed sensing for ac-

celeration. PI: parallel imaging; CS: compressed sensing.

A: T1WI image of conventional 2D image. B: TIWI image of 3D CS
-SPACE.
1 BABXEAETEE
Figure 1 Diagram of outlining the region of interest
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A: Grade 1(normal) : the trapezoid ligament and conoid ligament indicated by arrows run continuously with normal signal. B: Grade 2 (injury and

swelling) : ligament indicated by arrows runs continuously, with slightly elevated signal intensity in and around it. C: Grade 3(partial tear): the fiber bun-

dles of the trapezoid ligament indicated by the arrow are still continuous. D: Grade 4 (complete tear): the normal course of the trapezoid ligament indicated

by the arrow is not visible, and the broken end is locally visible.

B2 #EmhsRkrEE

Figure 2 Schematic diagram of ligament injury classification
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Table 2 Comparison of SNR and CNR for 2D images and 3D CS-SPACE images

[M(PZS’P75)]

PAWI TIWI
Method SNR, SNR, CNR SNR, SNR,. CNR
2D 5.64(4.81,6.84) 1.08(0.79,1.46) 3.64(2.84,4.35) 14.09(10.98,22.95) 2.32(1.83,3.16) 12.70(10.23,20.42)
3D CS-SPACE 12.33(9.96,16.13) 2.58(1.90,3.75) 4.77(3.84,6.07) 30.02(22.18,37.25) 3.80(2.61,5.29) 23.65(17.20,28.39)
z 5.09 4.98 481 5.03 3.43 5.00
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

SNRs: SNR of bone marrow cavity; SNR.: SNR of long head tendon.

A: The coronal position of conventional T2WI: the lateral trapezoid

ligament indicated by the arrow was not clearly displayed locally, consid-
ering partial tear (grade 3) , the diagnostic confidence was 2 points. B:
3D CS-SPACE PdWI coronal view: after MPR reconstruction of the image,
it shows that the course of lateral trapezoid ligament indicated by the ar-
row remains continuous with increased signal, suggesting ligament dam-
age and swelling(grade 2) and the diagnostic confidence was 4 points.
3 2D [E&F3D CS-SPACE El&HIS i {E LT 5 = {HIE
Figure 3 Example diagram of diagnostic confidence rat-
ing for 2D images and 3D CS-SPACE images

24D 3L EA L P IS i) 140 A 45 R
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i, H 2D B4 5 3D CS-SPACE Blg 2 M EA

%3 2D [E{%Fn3D CS-SPACE B&iS {5 LAY ELER
Table 3 Comparison of diagnostic confidence between 2D
images and 3D CS-SPACE images [M(Pxs, P:5) ]

Method Observer 1~ Observer 2 Observer 3
3D CS-SPACE 4(4,4) 4(4,4) 4(4,4)
2D 4(3,4) 3(3,3) 3(3,3)
z 1.94 5.21 5.20
P >0.05 <0.01 <0.01

R4 TRMBEZEH—HME

Table 4 Consistency between different observers

3D CS-SPACE 2D
Ligament ) P N P
sACL 0.96 <0.01 0.84 <0.01
iACL 0.97 <0.01 0.86 <0.01
TL 0.90 <0.01 0.80 <0.01
CL 0.95 <0.01 0.93 <0.01

B («355>0.6, £ 6), K4 N 14141 %5 B 2
#, 4M5 3 d J5 2D A2 3D CS-SPACE [ MRI K6 25 45 52,
3D CS-SPACE K& PPt 25 B 55 0 2D BUG —2K.
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Table 5 Evaluation of ligament injury results using 2D images and 3D CS-SPACE images
. 2D 3D CS-SPACE
Ligament Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4
sACL 4 7 10 4 7 10 13
iACL 7 10 4 6 8 15
TL 9 4 10 11 2 9 12
CL 11 5 5 13 3 12
%6 2D E{&F13D CS-SPACE B Wi 4 Ry —HlE 3 it i@

Table 6 Consistency of diagnostic results between 2D im-
ages and 3D CS-SPACE images

Ligament K P

sACL 1.00 <0.01
iACL 0.79 <0.01
TL 0.63 <0.01
CL 0.79 <0.01

SPACE J7 %1l 5 £E4% 4t (1) D B e [31 96 51)

it b T SR K 3D 33 AR, SR HI <180° 8 % A 1Y
SR kR A J2 T 228 3 1) S ABUBK v, AT 01 [
WA E, 9D T A RE 2 WU EE (specific ab-
sorption rate, SARDEL, 42 [ 1Bl [AI B, B 283845 1
T PR YRS E . CS &M 1) MRI TR

A, B: conventional PAWI images of 2D. C, D: PAWI images of 3D CS-SPACE. The conoid ligaments (red arrows) in images A and C were evaluated

as grade 2 injury(swelling) , while the trapezoid ligaments (white arrows) in images B and D were evaluated as grade 4 injury(complete tear).
B4 1612FRBHRTHARE R

Figure 4 The magnetic resonance image of the acromioclavicular joint in one patient
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