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Abstract

Successful meniscal allograft transplantation requires grafts that precisely match the native meniscus in size and shape, whic
h necessitates accurate segmentation from knee MR images. However, the meniscus is thin and has ambiguous boundaries,
making segmentation difficult, and existing CNN- or Transformer-based methods often suffer from over- or under-segmentati
on. In this study, we propose Joint CondDiff, a conditional diffusion model that simultaneously noises both images and mas
ks and employs step-wise image injection during sampling. Experimental results demonstrate improved precision and F1-scor
e compared to SegDiff, with consistent performance gains even in challenging cases.

719E: WA dF B £2 MR 94, 248 3 2d, Jankaa 3F

%

2>
\

WA g F

J

Keywords: Meniscus Segmentation, Knee MR Image, Conditional Diffusion Model, Joint Image-mask Learning, Step-wise

Image Injection

*corresponding author: Helen Hong / Department of Software Convergence, Seoul Women's University (hlhong@swu.ac.kr)

Received : 2025.12.08./ Review completed : 1st 2026.01.18. / Accepted : 2026.02.12.
DOI : 10.15701/kegs.2026.32.1.13
ISSN : 1975-7883(Print)/2383-529X(Online)

213 -



Wl
fu
-

g

o (osteoarthritis) 7} Z+
ol A, &4
AZ  FFo|4(meniscal allograft transplantation,
skxte] Q) A= 2719 FEjol FEstA Fetet
1S A&sfoF 4542 AE E2 5 Utk olE
el wiEe] AR A58 2
(segmentation) 3t} Zo], =
HE AFHoR S
MR Al W A
Az 4 = A9 59
BHA| T Figure 13} o]
MRl ArlAE F9 AA1eg) G4}
m AZHanterior horn)¥ ZZHposterior horn) %2 7
A7t mEste] Fekal Abo] ofuk w3l Az} Fohe
Sefolxo A FEZF A iR, 94 W As A
27 YA (signal intensity inhomogeneity) &2 o1& 3o
oj# o] AUrk

22 MR GgolA WAY AT R

me Lo o g i@

o

2
rlo

>,
=

£ o

d
¢

f
(LN
flo o

Hir
)
&
N * e

o
v
=
i)
=

o
Hr

Mo
o =
F1
U
rlo

o,
oy

81.',

o
e
o>
rf
)
= A
]
+
30

re
ik
rlo
Kei)
4z
B
N
lo
fu
%o,
H

ﬂllo :‘_14
o
o

[e)

=)

(. o
e
o>

r (

>,

fol

o

b

]

=

o

o
>

(a)

2 U-Neto|t} V-Net#} e F2E &83lo] wrdA o
I 82 FIsglon, ol thkd WY Heto

H9ltk 712 U-Net 720 F2o| fAUES =9

TR dolHANAE 83 g F5T + U=EF
7 @ Mask R-CNNZ 3DZ &33lo] &S 538
T7F A= QItH2-3]. =3 meniscus®] $x¢ FEj HH
£ BZX AEdR A|F3= object-aware mapd} ZAH
g g5 FRE Agste] AA EFZAGo] Z FgoA9
e JNAE A5 E YOLO 7|9k &2 WES =Y} ¢4
E 7S T8 ¢ust A A4S AEe Avx Al
2k CNN 79k &2 =4 99

A

o Ta: T TARAY, e WYY ABe) AR U
o & Al

_1

= 4 A7} Qlth6]. Transformer
719k Ao Al= Swin Transformere} 7o Alxz-oj=lAd
Tz 9 old gefolx JHE V|t RFeRA A%
Z<Ql 3D WEhE wdste Wi 7Nt Rde &§sto] A
A ¥ AHE FHHoE ety o 27)9
FE o] R A FxE Zde Y dI2S AU £
sl SFQATH7-9]. o] d TR CNNeo| w3 o Y
T8 Y99 A 2¥YS o r tfel sty
25 xZFOR A4T F o, ¢F2 v dEd 4
At 22 AEe A9 542 AR xF67] oy
th olz s AA w0l FIeHA A2 2FoME 3
Z A7 =t Eeh= I} ol

(over-segmentation)o] A3} 7] tl E=3E Transformer
A mEe Az-oleld A4 SA4 et R 2
3o agAe A EE delEseMe Ak

AN S B =]

Figure 1. Characteristic of meniscus in knee MR images: (a) Meniscus in axial view exhibiting inhomogeneous

internal signal intensity, making its internal structure and boundaries visually ambiguous, (b) Similar intensity

between the meniscus and collateral ligaments, and (c) Diverse shape and thin structure of the meniscus acro

ss anterior horn, mid-body, and posterior horn slices in a single patient’s coronal view

- 14 -



Training Step

Knee MR Image

Inference Step

Random Noise

Knee MR Image

Diffusion Model

Generated Pair

Denoising U-Net

Segmentation Result

—»

§ EE
:

Figure 2. Framework of Joint CondDiff
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Table 1. Performance evaluation of meniscus segmentation (%)

Overall Challenging cases
Fl-score Recall Precision Fl-score Recall Precision
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Red: True Positive, Green: False Negative, Blue: False Positive

Knee MR image
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Figure 3. Qualitative evaluation of meniscus segmentation results
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