Ex vivo assessment of the chondro-osseous junction and subchondral bone using ultrashort echo time (UTE) magnetic resonance imaging in equine metacarpophalangeal joints
Background
Early recognition of repetitive stress-related bone injury is critical to mitigate catastrophic joint failure in equine athletes. Conventional CT and MRI primarily quantify bone structure and density or evaluate soft tissues; however, they provide limited insight into bone matrix composition and turnover, which are key determinants of bone mechanical integrity.
Ultrashort echo time (UTE) MRI enables direct visualization of short-T2 tissues, capturing signal from mineralized matrix, bound and pore water, and the deep cartilage layers. Quantitative metrics derived from dual echo techniques have also been validated for assessment of bone quantity with good correlation to micro-CT. UTE may therefore detect early changes in bone quantity and quality, including immature osteoid formation, stress remodeling, and early compromise of the chondro-osseous junction (COJ) that precede mineral loss visible on CT.
Objectives
To evaluate high-field UTE MRI for (1) morphologic characterization of the COJ and subchondral bone microstructure (2) semi-quantitative assessment of bone quality and (3) quantitative assessment of quantity (porosity indices) in equine metacarpophalangeal joints from racehorses and non-racehorses.
Study Design
Ex vivo observational case-control study.
Distal forelimbs from 13 Thoroughbred racehorses and 6 non-racehorses were imaged using 3D isotropic UTE and DESS sequences, and 2D PD-DIXON MRI. Thirteen limbs also underwent fan-beam CT. Structural and compositional bone changes were assessed, including COJ integrity and stress remodeling patterns, and were compared between MRI sequences. Porosity indices (PI) were also calculated for the distal third metatarsal bone using a radial mask developed on Matlab. Imaging findings were compared to gross and histologic evaluation.
Results
UTE MRI enabled clear delineation of deep cartilage from the subchondral bone plate, with enhanced visualization of COJ irregularity and partial plate disruption compared to conventional MRI and CT. Zones of high UTE signal corresponded to regions of repetitive stress remodeling in distal MC3 and proximal P1 (e.g., palmar condyles, sagittal ridge, sagittal groove) and were larger and more well-defined than abnormalities in similar areas identified on other sequences. Dual-echo UTE subtraction improved sensitivity for distinguishing immature bone (active turnover) from sclerotic change. Porosity indices demonstrated expected relationships with tissue composition, identifying areas of increased porosity and demineralization vs low porosity in regions of dense adaptive sclerosis.
Conclusion
UTE MRI provides novel biomarkers of subchondral bone health, capturing both bone quality and quantity in regions susceptible to repetitive stress injury. UTE improved detection of early osteochondral pathology, COJ abnormalities, and compositional changes that are known to precede structural failure. This technique shows promise for advancing equine musculoskeletal imaging, enabling earlier detection of bone fatigue injury and supporting future in vivo applications. Small sample size and ex vivo design may limit generalizability; further in vivo validation is needed.




Figure 1. Conventional MRI sequences (PD DIXON W and IP, DESS) compared to UTE and CT of a 4 year old Thoroughbred racehorse with biaxial condylar demineralization secondary to palmar osteochondral disease, worse on the lateral side.

