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Why is it so hard to create BodyMaps?
30 minutes /organ /CT

Over 30.8 years to finish annotations for 8,000 CTs



Annotation effort
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From 30.8 years to three weeks

Active annotation

Random annotation

Fine-tune
models

Select 
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CT Scan Inconsistency Uncertainty Overlap Attention Map

Aorta
Inconsistent labeling protocols

Stomach
uncertainty in empty areas

Postcava
ambiguous & blurry boundaries

We summarized a taxonomy of common errors
made by AIs and humans [Qiao et al., RSNA 2023]

Entropy

Diversity



AbdomenAtlas

We have released AbdomenAtlas of
9,262 CT volumes and 231K organ masks

[Li et al., ICLR 2024 Oral]
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22682AbdomenAtlas (ours)

Abdominal Trauma Det

TotalSegmentator-1K

AbdomenCT-1K

MSD CT Tasks

DAP Atlas

AMOS’22

KiTS

LiTS

WORD

CT-ORG

FLARE’23

F1. Multicenter CT scans (11.3M)

numbers of CT volumes

• 22,682 CT volumes (11.3M slices)

• 1,655,786 anatomical masks

• 73 annotated structures

• 22 integrated datasets
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F1. Multicenter CT scans (19 countries)



F1. Multicenter CT scans (diversity)

56%

44%

gender

2%

31%

58%

9%

age

11%

12%

38%

39%

scanner

male female (0,25] (25,50]

(50,75] (75,+∞)

Toshiba Phillips

Siemens GE



F2. Multiple (73) annotated structures
16 Abdominal Organs

gall bladder

kidney left

kidney right

liver

pancreas

spleen

stomach

adrenal gland left

adrenal gland right

bladder

colon

duodenum

esophagus

intestine

prostate

rectum

2 Thoracic Organs

lung left 

lung right

5 Vascular Structures

aorta

celiac trunk

postcava

hepatic vessel

portal & splenic vein

50 Skeletal Structures

vertebrae L1-L5

vertebrae T1-T12

vertebrae C1-C7

ribs left 1-12

ribs right 1-12

femur left 

femur right



F2. Multiple (73) annotated structures
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BTCV

Pancreas-CT

CHAOS

LiTS

KiTS

MSD-Lung

MSD-Pancreas

MSD-HepaticVessel

MSD-Spleen

CT-ORG

MSD-Colon

unlabeled

labeled

structure 

name

public

dataset

AbdomenAtlas …

48 more structures



AbdomenAtlas BTCV

AbdomenAtlas FLARE’23

AbdomenAtlas LiTS

AbdomenAtlas KiTS

F3. Higher quality annotations



“The colon contour should include entire wall 
and lumen of cecum, appendix, ascending 

colon, transverse colon, descending colon and 
sigmoid colon continuously, as well as any 
colon lesions. Adjacent structures such as 
small intestine, surrounding fat, mesentery, 

and omentum should be excluded. The 
boundary between the ileum and colon is 

defined by the ileocecal valve. The boundary 
between the rectum and sigmoid colon is 

defined by the sigmoid take-off.”

— Annotation standard for the colon

annotated colon in 
TotalSegmentator

annotated colon in 
AbdomenAtlas



annotated ribs and vertebrae in 
TotalSegmentator

annotated ribs and vertebrae in 
AbdomenAtlas
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3,410 volumes

14 datasets

26 hospitals

8 countries
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9 structures

unlabeled

labeled (public)

labeled (by us)

CLIP-Driven 

Universal Model 

ICCV 2023

MICCAI 2023

RSNA 2023

AbdomenAtlas 1.0

NeurIPS 2023

RSNA 2023

AbdomenAtlas 1.0

Zongwei Zhou
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F4. Touchstone
@MICCAI 2024 Challenge

Backbone Author Institute Publication Backbone Author Institute Publication

U-Net O. Ronneberger Uni Freiburg MICCAI nnU-Net Fabian Isensee DKFZ Nat. Methods

nnFormer Hong-Yu Zhou HKU TIP SAT Ziheng Zhao SJTU arXiv

CoTr Yutong Xie NPU MICCAI Swin UNETR Ali Hatamizadeh NVIDIA MICCAIW

UniverSeg Victor Ion Butoi MIT ICCV UniSeg Yiwen Ye NPU MICCAI

UNet++ Zongwei Zhou ASU TMI MagicNet Duowen Chen ECNU CVPR

TransUNet Jieneng Chen JHU ICMLW MedSegDiff Junde Wu NUS AAAI

Swin-Unet Hu Cao Huawei ECCVW 3D UNeXt Jeya Maria Jose JHU MICCAI

DiNTS Yufan He JHU CVPR ……

So far, 53 groups have confirmed the contribution—we will invite more authors of famous backbones for medical segmentation.
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F5. Foundation Models

AI models pre-trained on broad data and can be applied across tasks

SuPreM

Supervised
Pre-trained Models



Encoder Decoder

Deformation

Option 1. Self-supervised pre-training

UniMiSS
[Xie et al., ECCV 2022]

Swin UNETR
[Tang et al., CVPR 2022]

De-noising [Vincent et al., 2010]
Positioning [Doersch et al., 2015]
In-painting [Pathak et al., 2016]
Jigsaw [Noroozi and Favaro, 2016]
DeepCluster [Caron et al., 2018]
Restoration [Chen et al., 2019]

Models Genesis
[Zhou et al., MICCAI 2019]

MICCAI Young Scientist Award
MedIA Best Paper Award

Rubiks Cube
[Zhuang et al., MICCAI 2019]



Option 1. Self-supervised pre-training

Option 2. Supervised pre-training

Encoder Decoder

Encoder Decoder

Deformation

0

5000

10000

15000

20000

2015 2016 2017 2018 2019 2020 2021 2022 2023

# 
of

 p
ap

er
s

year

Keyword: self-supervised learning, medical imaging



data for pre-training
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20 CT volumes

40 GPU hours

5,050 CT volumes

1,152 GPU hours

Supervised > Self-supervised
data & computation efficiency F5. Foundation Models

AI models pre-trained on broad data 

and can be applied across tasks

Expensive?



annotated data for fine-tuning

Supervised > Self-supervised
annotation & learning efficiency

512 CT volumes 1,081 CT volumes

53% less
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F5. Foundation Models

AI models pre-trained on broad data 

and can be applied across tasks

Annotation-efficient?







F6. Personalized atlas for patients

Photo by Anatomy 3D Atlas



F6. Personalized atlas for patients

Medicalholodeck AI uses TotalSegmentator 

Demo by Medicalholodeck AI



F6. Personalized atlas for patients



F6. Personalized atlas for patients



F6. Personalized atlas for patients



F6. Personalized atlas for patients



External Collaborators

Yucheng Tang, PhD (NVIDIA)
Yang Yang, PhD (University of California, San Francisco)
Kang Wang, MD, PhD (University of California, San Francisco)
Mehmet Can Yavuz, PhD (University of California, San Francisco)
Jianning Li, PhD (University Hospital Essen)
Alberto Santamaria-Pang, PhD (Microsoft)
Ho Hin Lee, PhD (Microsoft)

Challenges: Towards 3D Atlas of Human Body

IEEE International Symposium on Biomedical Imaging (ISBI'24)
International Conference on Medical Image Computing and 
Computer Assisted Intervention (MICCAI'24)

Become Part of the BodyMaps Project?

Contact: Zongwei Zhou <zzhou82@jh.edu>

https://codalab.lisn.upsaclay.fr/competitions/16919
mailto:zzhou82@jh.edu


Code, Dataset, & Model:

https://github.com/MrGiovanni/SuPreM

Zongwei Zhou

zzhou82@jh.edu

“While a dataset of this size 
would have taken an 
experienced human annotator 
almost 31 years to fully 
annotate, the team completed 
this task in only three weeks.”
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