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Background and Significance 

Osteoarthritis 
More than 20 million in US 

80-90% > 65 yo 

 

Major cause of: 

 Work disability 

 Reduced quality of life 

 

 

 

 

 

 

 

  

U.S. Centers for Disease and Control Prevention, www.cdc.gov 

 

http://www.cdc.gov




Background and Significance 

Whole joint concept 

Cartilage and meniscus  

pathology contribute 
to osteoarthritis 

Hypothesis:  Better visualization will 
lead to improved patient care 
 
 
 
 
 



MRI 

Visible 

Long T2 

Invisible 

Short T2 

Robson, Bydder.  NMR Biomed. 2006. 



Conventional MRI vs UTE T1rho 

Meniscus 

Du, Chung, Bydder, et al. MRM 2010. 



Transverse magnetization decay 

Majority of  
short T2 
components 

Minority of  
Short T2  
components 
 

Robson, Bydder.  
 J Comput Assist  
Tomogr 2003 



Musculoskeletal short T2 tissues 

Robson, Bydder.  J Comput Assist Tomogr 2003 



Musculoskeletal short T2 tissues 



Musculoskeletal short T2 tissues 
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Purpose 

Demonstrate clinical applications of  

UTE quantitative MRI 

 

 

 

 

  



UTE Clinical Applications 

Novel MRI techniques can be utilized to quantify 
microstructural changes. 

 DIR UTE 

 UTE T1 rho 

 UTE T2* 

 

Early detection and quantify response to 
treatment 



UTE pulse sequence 

Robson MD, Bydder GM.  NMR Biomed 2006.  



Radial K-space acquisition 

Robson MD, Bydder GM.  NMR Biomed 2006.  



UTE T1 rho 
 Spin-lock pulse 

Du, Chung, Bydder, et al. MRM 2010. 



UTE Clinical Applications 

Articular Cartilage 

 Patella  

Fibrocartilage 

 Intervertebral disc 

 Temporomandibular joint 

 Triangular fibrocartilage complex  

 

Meniscus 

 

 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



Protocol for MRI of cartilage 

Buck, Chung, et al. AJR 2011. 



DIR UTE 

Tibial cartilage  

Bae, Chang, Chung.  EMR 2012.   



DIR UTE 
Tibial cartilage 

Bae, Chang, Chung.  EMR 2012.   



Extracellular matrix 
Tissue fluid 

Water (65-80%) 

 

Macromolecules 
Collagen II (15-25%) 

Proteoglycans (3-10%) 

Non-collagenous  

proteins 

 

Chondrocytes (1%) 
 

 

 

Cartilage composition 

Hall, Newman SA. 1991. 



Histology 
 Articular Cartilage 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



Bae, Dwek, Chung, et al.  Radiology 2010.  



Bae, Dwek, Chung, et al.  Radiology 2010.   



3D DIR UTE    

Contrast for calcified cartilage 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



UTE T1 rho 
Patellar cartilage 

Buck, Chung et al.  AJR 2011 



UTE Clinical Applications 

Articular Cartilage 

 Patella  

Fibrocartilage 

 Intervertebral disc 

 Temporomandibular joint 

 Triangular fibrocartilage complex  

 

Meniscus 

 

 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



 
UTE 

Cartilaginous endplates 

 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



Lumbar disc 

Normal    vs.   Degenerate 

T1 rho 

T2 

 

Gross  

Bae, Chang, Chung.  EMR 2012.   



Short TE 

Annulus fibrosus 

Bae, Chang, Chung.  EMR 2012.   



Short TE 

Annulus fibrosus 

Bae, Chang, Chung.  EMR 2012.   



UTE and magic angle effect  

Temporomandibular joint disc 

Bae, Chang, Chung.  EMR 2012.   



Temporomandibular joint 

Bae, Chang, Chung.  EMR 2012.   



Short TE 
Triangular fibrocartilage complex 

Bae, Chang, Chung.  EMR 2012.   



UTE Clinical Applications 

Articular Cartilage 

 Patella  

Fibrocartilage 

 Intervertebral disc 

 Temporomandibular joint 

 Triangular fibrocartilage complex  

 

 

 Bae, Du, Bydder, Chung. TMRI 2010.   
 



II.  Meniscus 



Menisci 

Medial 
Lateral 

Messner, Gao.  J Anat.  1998   



Meniscal structure 

Fibrocartilage  

Water ~75 % 

Collagen fibers ~20 %  

Type I: ~90% 

Type II:  Inner portion 

Proteoglycans  

 Inner portion 

Elastin  

Cells 

 

Collagen fiber pattern 
Circumferential 

Majority of fibers 

Radial 

Meshwork (Perforating-Random) 

Chung, et al 2013. 



Electron microscopy 

Meniscus cross section 

Petersen, Tillman.  Anat Embryol 1998 



Electron microscopy 
Posterior horn of  

medial meniscus 

Petersen, Tillman.  Anat Embryol 1998 



Electron microscopy 
Posterior horn of medial meniscus 

Petersen, Tillman.  Anat Embryol 1998 



Electron microscopy 
Posterior horn of medial meniscus 

Petersen, Tillman.  Anat Embryol 1998 



Medial meniscus enthesis 
Tissue types 

Messner, Gao.  J Anat.  1998   



Medial meniscus enthesis 
Type 1 vs Type 2 collagen 

Messner, Gao.  J Anat.  1998   



UTE Clinical Application 

Novel MRI techniques can be utilized to quantify 
microstructural changes. 

 UTE T2* 

 UTE T1 rho 

  

Early detection and quantify response to 
treatment 



Case presentation 

Clinical history 
 

24 year old male with knee pain 

 











Quantitative MRI can quantify response to treatment 

  Tear 

  Degeneration 

  Calcification 
 
 





UTE 

Meniscus 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



Short TE 

Meniscus 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



Short TE 

Meniscus 

Bae, Du, Bydder, Chung. TMRI 2010.   
 



Meniscus 
TE times 

Bae, Chang, Chung.  EMR 2012.   



UTE T1 rho 
Meniscal tear 



UTE T2* 
Meniscal degeneration 



UTE T2* vs T2 

 Normal vs degeneration vs tear 

UTE T2* more sensitive in identification of pathology than T2 values (p=0.03) 



UTE T1 rho vs T1 rho 

 Normal vs degeneration vs tear 

�No statistical significant difference between groups 



UTE T2*   
Posterior horn medial meniscus 

Chu, et al.  OAR 2012. 



UTE T2*   
Posterior horn medial meniscus 

Chu, et al.  OAR 2012. 



3D UTE 
Meniscal calcifications 

Omoumi, Chung, et al.  Radiology 2012.   



UTE and subtraction 
Meniscal calcifications vs gas 

Omoumi, Chung, et al.  Radiology 2012.   



Meniscal calcifications 

Omoumi, Chung, et al.  Radiology 2012.   



Summary 

UTE qMRI can distinguish and quantify: 

 Proteoglycan integrity 

 Collagen organization 

 Microcalcifications 

 

Clinical applications include characterization of 
short T2 tissues 



Future Directions 

Tear of posterior horn of medial meniscus with involvement of posterior root ligament 



Future directions 

Evaluate normal root ligament morphology through 

UTE MRI and correlate with histology 

Chung, et al. 2013 



Future directions 

PHMM 

AHLM 

PHMM	

AHLM	

PHMM	

AHLM	

root ligament 
on AHLM or PHMM 

A. Coring 

Cartilage/Bone 
characterization 
by 3D UTE  

PHMM 

AHLM 

B. Root Ligament  C. Biomechanics 

1” Coil Placed On Top 
morphologic & qMRI: 
- distinguish R.L. from  
  meniscus 
-qMRI of root ligament 
--orientation to B0 as 
patient would be placed 
(perpendicular to bore) 

PULL 

****Core aquisition for 

project that will explore 

Bone cartilage interface 

Footnote 

Chung, et al. 2013 



Collagen Network 
Transition from Meniscus to Root Ligament 

Axial 

Sagittal 

Chung, et al. 2013 



Conclusion 

 

UTE allows visualization of “MRI invisible” short T2 structures. 

 

Menisci are composed of collagen and proteoglycans, and 
microstructural changes can lead to altered joint mechanics, 
predisposing to osteoarthritis. 

 

UTE T2* and UTE T1 rho are novel MRI pulse sequences that can 
detect microstructural changes, which could lead to early 
diagnosis and quantification of response to treatment. 

 

 



Thank you 

Christine Chung 

 

UCSD MSK Radiology 
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