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Knee Cartilage MRI Segmentation Based on Attention and Class Relevance

WANG Shun, ZHANG Jun-Hu, LI Hai-Tao, LI Hui
(College of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: This study proposes a multi-level knee cartilage image segmentation network to address the challenge of
limited annotated data in knee cartilage MRI segmentation. This network incorporates a medicalattention mechanism and
integrates conditional random fields to create a hierarchical attention framework. By separating the data stream into global
and local streams, the network captures both global features and loéal details of the image, thus enhancing segmentation
accuracy. In addition, an axial attention mechanism is introduced to reduce computational load, effectively simplifying the
calculation process and minimizing model parameters. The integration of hierarchical segmentation strategies and
conditional random fields enables a deeper exploration of the interdependence between categories, improving the
network’s ability to capture ke}; features. The proposed method’s effectiveness is validated through experiments on two
public datasets, K-Space and MOST. Experimental results demonstrate that even with limited data annotation, the method
achieves high-precision knee cartilage image segmentation. Compared to current state-of-the-art methods, the proposed
approach shows significant improvements in evaluation metrics such as the Dice similarity coefficient (DSC) and 95%
Hausdorff distance (HD95).
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DSC (%) HD95 (voxel)
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U-Net 83.13 84.37 83.92 8.82 7.33 7.54 16.21

Axial-DeepLab 85.19 87.55 85.86 7.03 6.22 6.82 4.45
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K3 ARIRBIN 7 MITIAAE K-Space Hdi 5 L IKIXT L SEEG 25 3

. DSC (%) HD95 (voxel) Cost
Methods Data quantity
TC FC PC TC FC PC Params (M)
U-Net™ (baseline) 500 83.13 84.37 83.92 8.82 7.33 7.54 16.21
] o ] 500 85.75 88.13 86.21 6.4 5.82 6.66 4.45
Axial-DeepLab™ (baseline) 100 85.19 87.55 85.66 7.03 6.22 6.82 445
Res-UNet?™ 500 84.78 87.21 85.14 7.64 5.9 7.22 8.27
FCNEY 500 81.67 83.15 82.25 12.67 8.91 10.59 12.5
Swin-Unet™™” 500 85.37 88.03 85.79 6.33 5.97 5.81 27.15
MedT™! 100 86.14 88.39 85.92 5.92 5.39 5.55 4.2
HCAA 100 86.5 89.42 86.58 4.26 5.11 528 5.93
L TR

7 R T ACSCIR B 7 M7 ETE K-Space W TEA D IEAEIRE R, o IR MU HCAA 4512 7
B F {5 E14E FoR . TTLLE H, RERFLER . B g %'ﬁ%iqﬁﬁ%zﬂm B X 4B
W Ad HEIRGLATE B 0 N AR E T TR . /AT T%%.jl]?ﬂ%f&@%ﬁmﬂﬁf”iﬁ&#ﬂE‘Jﬁxﬁz‘rﬁnTaﬁéﬁ.

U-Net Axial-DeepLab Res-UNet MedT Swin-Unet HCAA

B 7 ASCERFR) 7 Fh T EAE K-Space MIRAE b (1)) 8145 R 51

£ MOST ##54E I, FA15L)tE 15 K-Space #(4f ﬁ*ﬂ%ﬂ'—?%‘éiﬁ%ﬁﬁ, S W R WJ%E@H%’ET]BET%*—ZIS
AR S IR IR AR, Seie 4 R B Wa), HafEaR s MO I 104 BURE 0. QT M T 2 A AR A A B s
3 PR SR a5 R ORFE — B0, BRI AR 4. 52 Hiﬁ\Tm% e ST LR ) A R VE R AL, Bl e v
I g AR TSR 2R N2 F U-Net 7EALERER 5 | ijIL?EI R B A 45 W 2% AR 4E FR RIS B2 I R, AR
Sy B KA E H I A 1A 55 N R R 4, a3 RERE DRIFI a2 FIKS B2 SR B IE B, ACHIE F B i Hh 1)
A2 DR A AT T RRAE 2 ) B NS A AR B AN E, PRI T ﬁrzﬁ’i/ﬁﬁm&\ WA £ 2 B R R SRRSO 22 TR SE IR T B
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F 4 ARIEIR 7 BT AL MOST SR 4E 1ot L szt 44

. DSC (%) HD95 (voxel) Cost
Methods Data quantity
TC FC PC TC FC PC Params (M)

U-Net™ (baseline) 500 82.06 83.52 82.59 9.9 8.68 9.42 16.21

] o) ] 500 85.97 87.6 86.32 5.23 5.85 5.71 4.45
Axial-DeepLab™ (baseline) 100 85.46 87.32 85.71 6.29 6.01 6.34 445
Res-UNet™! 500 85.29 87.43 85.37 6.82 5.55 6.85 8.27
FCNEY 500 79.76 82.82 80.83 1431 10.67 12.9 12.5
Swin-Unet™™” 500 85.49 88.14 85.61 5.63 6.02 5.65 27.15
MedT" 100 86.1 88.06 86.05 5.17 5.12 5.37 4.2
HCAA 100 86.32 89.09 86.62 4.92 5.03 5.33 5.93
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