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A review of semi-supervised medical image segmentation methods

Wang Chengi, Yu Chijin, Zhai Mingwei, Tan Huan, Xu Mengwen, Huang Kaiwen, Zhou Tao
School of Computer Science and Engineering , Nanjing University of Science and Technology , Nanjing 210094 , China

Abstract: Semi-supervised learning (SSL) has rapidly evolved into a cornerstone paradigm for medical image segmenta-
tion, offering a pragmatic resolution to the chronic scarcity of high-quality annotated data in clinical environments. Unlike
fully supervised approaches that demand exhaustive pixel-level labeling, SSL frameworks leverage vast repositories of unla-
beled images alongside limited annotated counterparts to achieve competitive, and often near-fully-supervised, segmenta-
tion performance. This survey presents a systematic and multidimensional review of semi-supervised medical image seg-
mentation, covering methodological taxonomies, quantitative benchmarking, persistent challenges, and transformative
research frontiers. We begin by establishing a hierarchical taxonomy that categorizes existing SSL. segmentation methods
into three principal streams: pseudo-labeling, consistency regularization, and co-training. For each category, we dissect
representative models published at leading conferences and journals—including CVPR, ECCV, ICCV, MICCAI, TMI,
MIA, and TPAMI—with an emphasis on their theoretical underpinnings, architectural innovations, and optimization strate-
gies. In the pseudo-labeling domain, we analyze advances in high-confidence pseudo-signal generation, boundary-aware
refinement, uncertainty-guided filtering, and label correction via generative diffusion models. For consistency-based meth-
ods, we explore how recent studies address multi-domain heterogeneity and complex anatomical structures through multi-
level feature alignment, frequency-space consistency, task-affinity regularization, and adversarial perturbation training. In
co-training, we examine multi-model collaboration mechanisms, including diverse architecture design, disagreement-

based uncertainty estimation, dynamic fusion strategies, and cross-modal synergy. Beyond technical exposition, we pro-
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vide a granular assessment of the strengths, limitations, and suitable application scenarios associated with each method-
ological branch. A distinguishing contribution of this review lies in its extensive empirical benchmarking. We compile and
evaluate 34 state-of-the-art semi-supervised segmentation models published between 2022 and 2025 across three publicly

accessible medical imaging datasets: ACDC, Pancreas-NIH, and LA. Quantitative comparisons are conducted using three

widely adopted metrics—Dice, loU, and 9SHD—providing a multi-faceted view of model performance in terms of volumet-
ric overlap, boundary fidelity, and robustness to structural variability. This side-by-side comparison enables identification
of performance leaders such as SDCL, FedSemiDG, CMMT-Net, and CV-SSL-MIS, and facilitates analysis of architectural
commonalities underpinning their success, including discrepancy-aware correction, domain generalization in federated set-
tings, cross-head mutual learning, and dual-contrastive transformer backbones. Through this analysis, we illuminate the
evolving performance landscape and reveal persistent gaps in cross-modal generalization and small-object segmentation. We
further consolidate and characterize ten commonly adopted datasets in the field—including ACDC, PROMISE12, M&Ms,
BUSI, GlaS, MoNuSeg, LA, Pancreas-NIH, NCI-ISBI13, and [12CVB—detailing their imaging modalities, annotation
protocols, dataset scales, and resolution characteristics. This resource-oriented summary provides practical guidance for
researchers selecting appropriate benchmarks for method validation or domain transfer experiments. Despite considerable
progress, semi-supervised medical image segmentation remains confronted by several systemic challenges. We critically
examine four core dilemmas. First, pseudo-label quality control remains precarious; noisy, overconfident, or anatomically
implausible pseudo-labels can propagate errors and destabilize training. We review mitigation strategies including
uncertainty-based filtering, temporal ensembling, cooperative rectification networks, and diffusion-based label refine-

ment. Second, class imbalance—particularly pronounced for small lesions, organs with low volumetric occupancy, or rare

pathological patterns—is exacerbated in SSL settings due to biased pseudo-labeling toward majority classes. We discuss
class-sensitive loss functions, re-sampling strategies, generative augmentation, and balanced confidence calibration as
emerging countermeasures. Third, data privacy and regulatory constraints hinder the aggregation of distributed medical
data, challenging traditional centralized SSL paradigms. We examine privacy-preserving alternatives, with particular atten-
tion to federated semi-supervised learning, differential privacy, and their intersection with domain generalization and
communication-efficient optimization. Fourth, we identify cross-domain and cross-modal generalization as a fundamental
bottleneck, especially when training and testing distributions diverge due to differences in scanner protocols, patient popu-
lations, or imaging modalities. We summarize recent efforts in domain adaptation, modality-collaborative learning, and
invariant feature disentanglement. Looking forward, we articulate five forward-looking research directions poised to redefine
the landscape of semi-supervised medical image segmentation. 1) Medical knowledge-driven segmentation seeks to tran-
scend purely data-driven representations by embedding explicit anatomical priors, geometric constraints, or radiological
semantics into SSL pipelines. We review emerging paradigms that encode shape priors via adversarial learning, distill text-
book knowledge via vision-language pretraining, and employ large language models to generate dynamic prompts or pseudo-
labels. However, we also caution against over-rigid knowledge injection that may conflict with image evidence, advocating
for adaptive fusion mechanisms and retrieval-augmented frameworks. 2) Visual foundation models, particularly the Seg-
ment Anything Model (SAM) and its medical adaptations (e. g. , MedSAM, SAM2) , present unprecedented opportunities
for zero-shot and few-shot segmentation. We analyze how SAM can be integrated into SSL frameworks through parameter-
efficient fine-tuning, automated prompt generation via multimodal LLMs, video-inspired volumetric segmentation, and
teacher-student co-training. Critical open issues—domain gaps between natural and medical images, computational over-
head, and knowledge conflict—are examined with proposed mitigation pathways. 3) Partial annotation in 3D volumetric
segmentation is gaining urgency as fully labeling 3D medical scans remains prohibitively labor-intensive. We highlight
recent advances leveraging sparsely labeled slices, orthogonal plane annotations, or scribble-based supervision, combined
with multi-level consistency, signed distance function constraints, and pseudo-3D to true-3D progressive learning. Adap-
tive annotation selection via active learning and uncertainty sampling is identified as a promising synergy. 4) Federated
semi-supervised learning offers a privacy-compliant framework for multi-institutional collaboration without centralized data
sharing. We analyze recent contributions in dynamic client weighting, semi-centralized training paradigms, and frequency-

space domain generalization. We further identify underexplored areas including incentive mechanisms via blockchain , neu-
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ral architecture search for heterogeneous client capabilities, and personalized federated tuning. 5) Lightweight and effi-
cient models are imperative for clinical deployment on edge devices, intraoperative systems, and low-resource settings. We
survey recent breakthroughs in state-space models (e. g. , Mamba-based architectures) , multi-scale dynamic feature
fusion, and hardware-aware neural architecture search that substantially reduce parameter counts while preserving segmen=
tation fidelity. Challenges in maintaining cross-modal robustness and achieving real-time inference are critically assessed.
In summary, this review provides a comprehensive, empirically grounded, and forward-looking synthesis of* semi-
supervised medical image segmentation. By bridging methodological innovation, rigorous benchmarking, dataset character-
ization, challenge dissection, and future roadmap, we aim to equip researchers and practitioners with both a holistic under-
standing of the current landscape and actionable insights for advancing the field toward greater accuracy, generalizability,
privacy compliance, and clinical translatability.

Key words: Semi-supervised learning; Medical image segmentation; Pseudo-labeling;  Consistency regularization; Co-
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Fig. 1 A brief development history of semi-supervised medical image segmentation. Methods before 2024 were mainly non-large-

model approaches. Since 2024, the empowerment of large models has greatly advanced deep learning technology in the field of semi-

supervised medical image segmentation. For more details, see Chapter 1.
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Fig. 2 Typical three semi-supervised medical image segmentation frameworks
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Table 1 Summary of Semi—Supervised Medical Image Segmentation Methods (Published in 2025)
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Table 3 Summary of Semi—Supervised Medical Image Segmentation Methods (Published in 2023)
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Table 4 Summary of Semi—Supervised Medical Image Segmentation Methods (Published in 2022)
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Table 5 Summary of Semi—Supervised Medical Image Segmentation Methods (Published in 2021) )
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TC {5 BA LUK 5 TRl s 3% 5 e — etk 2 2T ok
PR fR R S5 R T, A AR T 2R R T R AR
T EE B ) 2 PO X 5% o B X S E soh E oh
=04 53 A 25 5 SAEAC R BC [T, Chen 45 A (2021) 42
2 OW T — SR HEZR A5 UG i B
P (BAD) FZERAE —F RS (HDC) o 12 B0
PSS S SRR P B3 I DA T B ) 43 A
225 SREAR R, A B2 OB R — S AL
DAY A8 ] 3 30 i o — 50k 2 B, S ER T i e
=6

Vst R 20 0 s AG HE 43

T2 BRI ) S M 5 2 (R R A ) ] 3 v
e —FEE N E 2 H AR, Zhang 5% A (2023)
PR Tl [ TR AR SRR 2 o) ik Gl
F FRIRAN) — Pk 2 2 R AR bR i B B2 5 A~ 28
SR O 2 B BRI ) I A B AR AR D R — et o
2 AR BT ORUEE R T I A R T T A AR
R EETE Sha et WudE A (2022) # H EAN T %
BEXT Eb 2 > MR 3 2o X6 5 00 I 45 5 2 A I 2% 1
FRAE , AN T OS2 i 5 G R AR, s T 4%
T N R 5 28 0] m] 43 g5 e | Il i 53t 17 —F
G5B — S0PE IE WA 550 f /M B AR 168 B AR HE
IR TR SRR T A T B R AR

AN, R T g0 B e 2 G h 2 C N 2
Fa A5, Xu %8N (2025) 5] A MR 75 S8R H1 4 Fh— S04
%3 3] S AU ALY 5 2 AR B ) e K T iy
FAN RG-S T 5 S SR F PR 53, DA O
HBE Y 2 3] B A FFIME 5 I 3G 98 XF A5 R 1) -
Btk

PR R Ty T, — Bt s A A SR
PCAR T SUARZE” BB I, H I 2 G b g s i s |
B AR A 25 T BRI 30 I A 1 5t 25 LS IR
O3, B B A R R T SR A A R T . T
PR B 5 B BT sl i T W e A A
SRy B B A RURR s 2 RUOPBE sl 23— Bt iR S 1
AR SN GRI T TFES o XTI AR A sl s h 5 5
ZRIA L AUHOBAR R — Bk W] GEAS 2 LU IR UE 7
FZE AR T

SNSRI, 2 B B A R E i — 3K

FHEBEEZEGIETELE (202058 %R) o
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Table 6 Summary of Semi—Supervised Medical Image Segmentation Methods (Published in 2020)

GO

el
Jiik IEES
W

ET M4

Tk

(%]

11

12

13

14

15

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

SLU(Li %.,2020) MICCAI

FocalMix(Wang %%,2020)  CVPR

SRC(Liu %,2020) TMI

V-Net(Li %,2020) MICCAL

DMNet(Fang %,2020)  MICCAI
DAFNet(Chartsias 2£,2020) TMI
AlexNet(Gyawali 5,2020) MICCAI

ResNet101(Ouyang %%,2020) ECCV

3DU-Net(Pérez—Garcia 2£,2020) MICCAI

S—Net(Xie %5,2020) MICCAI

UATE(Cao %,2020) T™I

CycleGAN(Wang %#,2020)  TMI

DeepLabv3+(Ibrahim %,2020) CVPR

MMT-PSM(Zhou %,2020)

MICCAL

ATSO(Huo%,2020)  CVPR

ResUNet—-18

3D CNN

DenseNet

V-Net

ResNet—-34

U-Net

AlexNet

ResNet101

3D U-Net

DeepLabv3+

Dense U-Net

U-Net

DeepLabv3+

Mask R—-CNN

ResNet—18

H PR Al PR AR LA AR 25 5 ig-
saw PFEME S s A S &
TS

R AR E SR 2k S 4R
A s MixUp 3 58 5 JC bR 78 204
FILH

PR AR R HESR s AR R —
P (SRC) i 75 [ 4 L
R

F55- B 25 1 (SDM) |, 2 J0HE 41 1)
WAL

RSB 25 B 5 SR FH X P 2535
e, P L P fiE

fire R PET A5 b 10 A A B R 25
R B (RS, 5 STN A P 2 6L
SR Z A T

B AR AE 23 0] A TR 5 B2
DAL 5

FI B 2 ) 5l o R b A 7 1
P MRS AR IR AR b B ey o it B A
fiF s 2T AL 732 8% 5

i A B R 2 AT I G 5 5
UL B A U0 B 25 B 4 L
PR%E

X — Btk > 5 EAR I Bh
B — S0P B o i T A TR 5
P 5 3 T ER X 8 6 W 2
itk ;

PIARSE A B AN E P A
R RIS ] 4 A 5

He X BT M 4% CycleGAN 244
0 2% 51 A A T AR
(DGCC); % T 42 73 A i 5 &%
(VAE) B s M 45 H 2z 5
buy

A B A TR o 0 A R R
SIPRAE 5 H FAEIEHLE (Lt A
TBEIE ERARBIE)

{5 220 U A 250 1 2 A A R ) 35
LM s e B m sl il
B PR AOR UEAT 2648 5 il 1
SUAT BT | SRR 260

S BN 2= A AL, KRRk
SN i IR LV T
P iR

N/A

N/A

N/A

link

N/A

link

link

link

link

N/A

N/A

N/A

N/A

link

N/A
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Fosk
K=
# ARy ik RS ET M4 ik v
W
S0 P B 37 (bias field ) B0 0
FEAAXT BTN 25 (VAT) | 3 a5 % 41
_ farey _ ’
16 2020 U-Net(Chen%%,2020) MICCAI U-Net VI U AL+ 5 7 5 N/A
JELYi
. KHT2E > S IR IE Q 2F I ATl E
17 2020 Dual-UNet(Yang %%,2020) MICCAI Dual-UNet At P N/A
PhFREs s T HTN 5 BBk T
18 2020 NoTeacher(Unnikrishnan%:,2020) MICCAI DenseNet121 ZOMATALE) EMA B8, 224 M N/A
AR S 4 ST
19 2020 FOT Corremglogz(ol\;[endd%’ ECCV DeepLabv3+ B TEHL 5 DhbR 2 4 i N/A
254 ] — 4% 38 (intra—domain ) £l
» B 15 4538 (inter—domain ) 4 Vifi 45 74
20 2020 U-Net(Li %,2020) MICCAL U-Net SRRV R b4 N/A
i DA S B A 5
V25 T sk I AN
21 2020 Semixup(Nguyen%£,2020)  TMI Siamese %% gg%g ?,_%EEE}‘M&% AN
MCPM 2 F 76 2% > [ HE 4Lk ¥
TEIR s WAN i R AR L ek T
; faray _
22 2020 MCPM(Wang%,2020) MICCAI U-Net S 2 60 W o 2 B N/A
22 EMG A EI T AR B T AL
SR 25 A 1 U A 5 A T I 26
Sk Sz B Y R S 3 5 A A
23 2020 ARL-GAN(Chen %%,2020) TMI ARL-GAN (GAN) R 55 S I B4 21 H Aot link

A VB A 5 e i DR 7 IE U
s B ER—EE R R

TE = “N/A” R IESOR MR UEHIAR R 32 0 268 s A U 5 R

P IE U AR J5 32 TEAE 1) B8 3 9 RRAE XS 5 5 45
I 45 22 TR BRAR K o 3k 8877 V5 MK H 25
[ RFALE 25 ] -5 i 4 2 ) 25 A [R] J2= e i — 2ot 29
H A BARTE TR AR AR T B B AR 51z
PRBEST o ARk, Al A DR S R A [R) I 3k — 2
S5 — B L HON BR 7 G b 52 2 i 25 R ) IR
AET, LA A /e B8 32 ) 2 RS 2 oo A 5
IORRE T B R AR R U E Y
Jr Tl
1.3 ETWHEIIZHTE

T W B DR AR BUAE 55, DR RN 2R 05 0%
VE ] o — S BEHOR AR, LA R 32 B BOR B %
T o AR T — S WA 4 2 AR R e 2l A d
AR mE R, B [ e 5 T A Z2 AR s AL A, £l
ENTERSREREA A EAE T 8 LT 2
MRES) o X ARSI HOE T R EIR R 2

s, NG B A 1 22 5 38 1 X 3oy 1, e 4%
o B R RS M RN Ak T T R B A AR . P
W25 IEASHE R P bR 28 5l — SR, 12 38 o A
2% S PR AL AN B 9 AN A3 AN A PR S P[]
YIRS 0B A B TR ARy Db & i s il 6 1 . A
U, BRI L R A T 2R 25y sk 2
Z I EEOCR T RK S Rl 2Ry iy
i JEFE 530, IF T HAE A B Rl 2L |
(1) AR BIHT -

T BT R 2k b O 2 1 o i S AR e
— RGN LB T RS R B 22 AR 2 1] (1 38 B
BLil o Zhao 55 A (2025) $2 (% AD-MT 3E 1 5] A 3
A A HL I T A ) T 45 SR AT AN SR
T FHEABRZE I T S M . TR I AT
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B AR B S N B, LiSE A (2024) $2 H Y
CMMT-Net #4587 — 12 R P [N ZRHESE , 6P
A 45 22 8] 5 A 38 30 0 2 ) 2 B 4 98 LA £
PRONARZEAEA TR R T BB A sUE il 5 B . %7
AN A AE 38 L R AL 58 TR RG] DG R A
(R EHRE T I T 52Tk, 5 ERIrE A
], Shi % A (2021) # H B9 CoraNet 5| A4 ST FU Al
VA TN A L3 S 2 A R T 45 SR 22 ] A AN —
AT A M T8 R OARZEAE . CoraNet
& =A BB AR SF - (CRM) 8 X
38 73 1 4% (C-SN) AITAS i 5 X 38 40 1) (0 4% (UG-
SN) . 7EVIZiat FE i, C-SN Fl UC-SN 8 #1145, 43
Ak PR A DX IS S DX 43 BT 55 X R Bl
I7] 1) 2 5 sl 45 A5 7R 1B 08 T A A58 b ) R A v K
BT EI AR

AN PR B AR TP RN G Bk (0 ) — T
TR ARBELL . Qiao FF A (2022) H2 H A E M By
UREE VRN VISR HESS , I RSB VA B B B A
JE B PRFR A, DT e DA bm 28 o1 i O 14 5 AR AU (1) 32
fERE J1 o Luo %8 A (2022)7F URPC Hift — 2542 HI AR
i PSR R IR ] D R SR, 23 ] LA 7 A5 28 174 i
DUASTS 2 1 R MR R AT PR 25 2ot i RN AR ok, 38 2o
GIAMER G| AL TH O AR 28 o 0 -1 A 7 — 3
PERABE

TSR T O R R o 2253 32 45 1Y)
HH .38 S S S A LT RS . Zhu 55 A (2021) 32
Y SSUMML 5 AT PNl ST 19 40 S I 2%, 431 Ak
FEAN LS B o 3 38 SUPRBR 2 A Bl RN — B0k
YU XA WS FE Y S B2 P A 3G 5, AT S8
I ik B = R N = s T S I N E = 90 o S e
ECHE 00 TN 25 5L, Az UM AR A S — S g2 ]
IEAk , SSUMMLIAR S| A T XTI ZRAIL ], LA 5 AR
RN [ 2Z (] 3 A1 25 5 O N e T o X Al R[]
YIGRARME A B T AR E AR i B8 2% 2130
R T H 2 RS EOE 12 fL AR

X AR AR R 6 ) S 5, 3843 T k3l 1t P IR
Y2 HE 2R ok 1 5 0 N TAnvE fudl o Cai 5 A
(2023) 42 1 %5 4 - i W Rl N GRAE AR, (LAE AR TR R
HRARTE P IE 22 V) A 3 3 o SR AR A B b 1 AR
(IR IR I BRES , B 51 A AR VAR IR A RS 45
T2 T B B i) 285 4 O b 2 TS 0TI B A
B bR 25 ] Fsf 5 ) A 9 28 B HH— 3. Vasudeva 58 A

(2022) 48 i L5155 = o B[R I SR 48 3 it
AT B D R AR AR (1) =45 1E 32 U0 s e 1
1, IE5 AL Tl 25 CLIP B B8 5| Sk B~
2IHLA , S BREE: SR RN AR 1) 53351

35 IS X 48 25 A SRR AR OC R IR, P[]
W7 ke — 3G T OOPR2E M ZREME 5 REIE R
FIEEME . Xu%E A (2023)#E A9 AC-MT A2 T 5+
¥y %5k (3D UNet 55 3D VNet) [6] B9 p[RI Il R HE SR , 1%
TET ASKIRR ) — S5 2% eR £ LR A A 7R ) (5 B kb
B, R AR 2544 22 St AR E OO AR 28 2 e D
PG R, 723D B 55 h R I i
PERNZALRE J1 . Liu %8 A (2020) 42 H B FREASE R
— B A B HE SR, R DenseNet 2244 -1 2k 2
A F B BOMAR Y DL AR e P AR 2, LA O 7
TR b5 I AN TC bR R AR LR REAE 23 (] v A AF G G
FR 50, AR G B 2 AT B B R 2% A P 2% 38
I fe KA TC PR A AR AR A 8 R T X R LA
A GER A RE T .

P EN R0 ik A — s Ry BR M, Eb G AR A
RUT) 22 AR L B AME 2 H 25 Rl /o S B A
R Ak, 22 5 ad K OUAT B B ARG R M s o S Ae I
24 5% 22 41 S AR A 3E H O B S TS AT
YISl it B AR BT 00 % 28 S AN R B b
iR MG o X T 22l s S EE , P pE AL
A figa7 > Bk R S P O 22 5 TR R 5 IR R T
A3 A M TR 52 i P 2 5 55 HE AL R T i Rk RN 4
P AV RL

SR, P M B A R o E b i b )
YIZR Ty 1% E AT BRL ) SRS R AR HL 4 5 R e S 28 L
Ak B 55 bR VE B R B PR O | RS
A& X AG T LA S A 48 DR R S5 2 R Ty [, i s
5 38 2ok e Ak AR TR ] ) 32 B W | AN 4 B AR T
AR B2 T+ EAFR A B ] SEE 5 2Rk DL R e i
M5 et T 0z ABe S0k B 3fksh T
PRI T i AE B2 2 UG Ay I N o AR an ey
A AR SR M S IR 1, D Rk — 25 B T P
[ S AE 5 2% I IR 7 5 T M2 A S0R AT 2 i 40 s
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2 HE&KILCESNE

1) ACDC (Bernard 55 , 2018) J& — /™ Ji F .0 ik
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FHEEEFEGS R T EER

MRI EHG ST A shiZ Wi PR A s 4 . B & T
150 4~ ] f9 .0 JIE MIRT U, 454905 191 4 65 S [ )
o WE B B Candy sk SRS 191 i 1115

2)PROMISE12 (Litjens 25, 2014) J& B % K4 /%
B8k 114 25 ML CHE £ L /A MICCAT 2012 $k (% F€ 1)
—HR4r, $EHE T 50 TS AR MRT ER KX ;1) 43
BRI

3) M&Ms (Martin-Isla %5, 2023) — L1 TEZL
H 2R 2B T AT O IR R LR (CMR) A
B e EI B R R 375 A E b £
ol 2R ) S5 2 DA R R A2 iR . IR 5 150 5K
CAR i R, DL R 25 sk R pniE R . It &
200 A3 22 481, A 45 R A I 2R 4R b A 0 B Y
SOAHTIFY , LA KO [ 57 U AR WL ask i 418 107 R 1
A 50 HF5E

4)BUSI(Al-Dhabyani % ,2020) 2 —/M, & 7L
T R 5 28 BB 4 o B AR LS T
2018 4F W A 1Y FL AR M P R i se T 25 275 %
(1) 600 44 20 PR B o B 4R Hh 780 5K MG 4L 1, 1
ik S -2 K /N A 500%500 18 25 . 3 22 & {5 gl K]
Oy R I IR R

5) Pancreas-NIH (Roth %, 2016) J& — >4 1 1
RS AL LA Rl R & R AT %
A3 MY PLCO WIS 80 o %K 560 % PLCO IR
1R 2 155,000 % 2 58— 40 % .

6) GlaS challenge (Sirinukunwattana ¢, 2015) i
165 M FR A, X E R A 16 41~ 248 H&E B A1)
T3 HH 5% T42 B 45 50 e AL 48000 -, 42000 %k
FALFRIG RN 0. 465 Tk . BAREAEY 5
A7 AL LS5 K 7 TR 2 B0 AR v 1) 324 R A S
LS50 5 I ABAEAEAR K2 5+ .

7) MoNuSeg ( Kumar %5 , 2019) J& — > F F 4 i
157 BB BT SR B TCGA #4521 H&E
Yoo 4 BUEMGA BOHE AR 5 38 sk IR & A
15 5K G, 45K SR A X L 1 5 3 SO, W]
FHFIF & FVEAS 40 A2 o B AR

8)LA Challenge 2018 (Xiong %% ,2021)iZ %45 £
— A 154 45140 5 B (%) 3D MRIEIME . MRIJK
JEAr A e [0, 2551, 25 (8] 43 BEH N 0. 625* 0. 625*
0. 625 mm?, Y1 v RSP B 57, Z il 6% 88 M) A,
I3 RN ZRBE AN

9)NCI-ISBI13 (Bloch %, 2015) 60 41| ij 41| i MRI
3D R, Y%k R R AR S (DICOM) &
R, X S8 RS HAT VEEC Y NRRD fric, i) g L2
21 CG 1 PZ, A i i 5E AR FS %€ (TCIA) M NCI
NI

10)12CVB (Lemaitre 45 , 2015) 2 it £ 2 $ws 4t
I A% B 4, 15 B JF 2% 3 B ML B ARG I 2
(CAD) &%t

*8 FUENIRBEEEEFHEE LHEENKER, LGSR EE Dice, IoU# 95SHD,
Table 8 Benchmarking results of semi—supervised segmentation models on selected medical datasets, with evaluation met-
rics including Dice, IoU, and 95HD.

ACDC Pancreas—NIH LA
Jrik KT L ]

Dice IloU 95HD Dice IoU 95HD Dice IoU 95HD

CAD(Xiao %,2025) CVPR 2025 904 829 1.24 117 17
BCP(Zhou %,2025) CVPR 2025 904 .830 1.63 117 902 823 6.27

PCCS(Li %,2025) CVPR 2025 864 / 5.57 /117 /17
FedSemiDG(Deng %#,2025) CVPR 2025 I .848 739 541 928 .862 4.20
CRLN(Wang %%,2025) MIA 2025 /11 .835 .720 4.70 920 852 4.33
w2sPC(Yang 5%,2025) MIA 2025 902 812 4.01 111 911 .835 5.94
DSAIF(Gu %,2025) MIA 2025 I .829 708 6.43 921 853 4.68
VerSemi(Zeng %,2025) TMI 2025 /11 .833 .717 5.33 909 835 538
SFR(Li %,2025) TMI 2025 /1 11 910 .835 6.13

CvDd-Net(Zhong %,2025) MIA 2025 I .853 746 4.22 /17

ABD(Chi %,2024) CVPR 2024 .890 .807 1.57 117 17
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F8LF
ACDC Pancreas—NIH LA
Ik RFTIY) St
Dice IoU 95HD Dice IoU 95HD  Dice IoU 95HD
AD-MT(Zhao %§,2025)  ECCV 2024 888 804 1.48 802 675 7.18 896 813 6.56
CMMT-Net(Li %,2024) MIA 2024 911 841 1.17 835 714 536 918 .850 4.95
DiffRect(Liu%,2024)  MICCAI 2024 893 811 3.85 /11 /11
12’(1)}12‘2; nt=Consistency(Huang 5500 895 815 1.42 812 687 6.17  .893 807 6.96
LeFeD(Zeng “.,2024) TMI 2024 /111 822 712 525 914 842 6.15
MOST(Liu%§,2024)  MICCAI 2024 893 812 3.8 838 724/ 912 839 5.63
PMT(Gao%,2025) ECCV 2024 /11 832 715 7.60 908 .832 5.61
ReliablePseudoSeg(Su %,2024) MIA 2024 Iy 815 694 681 910 .836 5.78
SDCL(Song fil Wang,2024)  MICCAI 2024 909 838 1.29 850 742 5.22 924 858 /
TraCoCo(Liu %£,2024) TMI 2024 912 843 1.29 834 717/ 915 844 5.63
BCP(Bai 4£,2023) CVPR 2023 888 806 3.98 829 710 / 896 813 6.881
PatchCL(Basak fll Yin,2023)  CVPR 2023 923/ 3.66 /1 Iy
ACTION++(You§.2023)  MICCAI 2023 904 / / 11l 899 / |/
CauSSL(Miao %£,2023)  ICCV 2023 900 823 3.60 809 636 8.11 A,
CV-SSL-MIS(Wang fll Ma,2023)  ICCV 2023 930 872/ /11 vy
MCF(Wang%.,2023)  CVPR 2023 /11 750 613 1159 887 .804 6.32
ComWin(Wu%§,2023) TMI 2023 836 / 11.15 740 597 9.10 vy
SDF+UWI+MTS(Wang %£.,2022)  MIA 2022 914 849 /11 /11
MC—Net+(Wu %.,2022) MIA 2022 885 802 5.35 806 681 647 911 .837 584
SS-NeW(Wu.2022)  MICCAI 2022 868 777 6.07 /11 886 796 7.49
URPC(Luo %:,2022) MIA 2022 /11 803 / 658 /11
CVRL(You,2022)  MICCAI 2022 vy 767 612 8.24 905 830 /
SimCVD(You %§,2022) TMI 2022 /11 754 616 1 890 .803 2.59

) IR R SCARAR SRR S SR A ) 45

11)FUGC (Bai 25,2026 ) /& ISBI 2025 Pk % 3£ &
AT B 025 ) T8 P P M S e v A Al

£ B LR 890 9k TVS %, &l 43 R il
YRAE AR T PPN AR 1 2 1 T 8
X3k B 8l o F1 5 B BRI R A DSC U HD Flig 17
] S5 4 bR EA T LR A VRN

12) AbdomenAtlas 1. 1(Li 25,2025 ) J2 ifi [i1] I 355
CT 285 20 5 B FORUSE = 2 P~ R B 4,
9262 15l = 4 CT K , P2 11 25 S5k 25 0 i AR =
PbRiE, FFAL S 7 ISR I P RRTE . B A R
FHF AR 5T KA W B 101 25 A AT 55 i 35 ik
W WSR2 A B o R I Sk R PR AR 4R IE T R

13) PancreasDG (Zhang 4§ , 2025) & 11 [ fi Jif

MRI 73 E Rz A 58 1) 2 ol = 45 4 &
K H 6 ALK ) 563 1 MR , 178 55 k3 A1 s
FABLEEAEF A o s AR 3R R R UM bR T,
AT PR AR 5 rpuss (5 R 83 5 T B9z Ak B
7R AN T B S RO B T BEAR MR 235158 AN
SR [l
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Table 7 Perform statistical analysis on the datasets based on year, published journals, dataset size, and resolution. For

more detailed information on each dataset, refer to Chapter 2.

# ol G ERWT KN Iy HER
1 ACDC(Bernard Z£,2018) 2017  TMI 150 [0.7 ~1.9]mm X [0.7 ~1.9]mm
2 PROMISE12(Litjens %,2014) 2012 MIA 100 [0.25 ~0.625]mm X [0.25 ~0.625]mm
3 M&Ms (Martin-Tsla Z£,2023) 2020  JBHI 375 N/A
Data i
4 BUSI( Al-Dhabyani %§,2020) 2018 ;?? 780 500 x 500
r1e:
5 Pancreas—NIH(Roth 2 ,2016) 2016  TCIA 82 N/A
GlaS challenge(Sirinukunwattana
6 2015  TMI 16 1512 x 1516
£ 2015)
7 MoNuSeg(Kumar%§,2019) 2018 TMI 44 1000 x 1000
LA Challenge 2018(Xiong 25,
8 allenge 2018(Xiong % 2018 MIA 154 0.625 % 0.625 X 0.625mm’
2021)
9 NCI-TISBI13(Bloch%,2015) 2013  TCIA 80 N/A
10 12CVB(Lemaitre Z5,2015) 2015  CIBM - N/A [308 ~368] X [384 ~448]
ISBI 2025/ N/A
11 FUGC(BaiZ%§,2026) 2026 ) 890
arXiv
12 AbdomenAtlas 1.1(Li%%,2025) 2025 arXiv 9262 N/A
13 PancreasDG(Zhang 45 2025) 2025 arXiv 563 N/A

T “NIA"FIRMBL A TF SRR S AR R /NI B

3 RBERTMEESH
3.1 AR
FAT a7 B B, PR 4 AT 55 v i TG = DG
PEALFE A5 : Dice ML R £ (Dice Similarity Coefficient,
DSC) 323 Eb (Intersection over Union, IoU) £ 95%
Hausdorff 12 (95% Hausdorff Distance , 95HD ) .

B, AN 228, H A (True Posi-
tive, TP) &7 B A1 TE A F0I0 > 1F ) IE A A %5 (R IE
R SRR B . B FHYE (False Positive, FP)
AR TR U b T Ay I A R AR (R SR R
PETR I EIN B A o R BIPE (False Negative , FN) 3
7 AU AR 1 T Sy £ B E AR A CHD R R B R
orHIHR)

DIoU, 22 He (WHR A Jaccard R %) B
T 43R XS B BARIX Sz R E SR . &
AP E L E R G IFE IR . ToU [RFEXT

FRAFA (/N R 5 K 50O BA G, Hit
CR/N WO

TP
TP + FP + FN (1)

2)Dice. Dice F &Myt Tl 43 %I 25 R 5 B bR
T Z ] B AR R | 0O 43 1) X B (A B i B
B B X B (FN) FUE B M (FP) [R] AR RS, 2 =
ELEC T I RN SR RIS (= T A - RN
XN

loU =

2 X TP
2X TP+ FP + FN

3)95HD. 95% Hausdorff i 2§ FH T 2 £k 10 43+
HA RS BRI R Z Mgk S . HitRA

B W
95HD = max ( percentiless(d, . ;) percentiless(d, . ) )
(3)

(2)

Dice =

ﬁ¢%Aw={ﬂym;wmu:Luwm,
/
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dy ., = {minllbj Calllj = 1eenl,
a,eA

A=T T B 4 B=BL S AT 4E

95HD % F #x K Hausdorff 5 25 (HD ) % 431
KR L SR BB /INE DR (AN /NG A B M ) BE AN BRUR
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