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Purpose: The trapeziometacarpal (TMC) joint is a common site of osteoarthritis (OA) in the hand [1]. TMC OA results in significant functional
disabilities due to the broad range of activities performed by this joint [2]. In addition, the human TMC joint’s specific morphology represents an
ideal model for OA research and for the development of novel diagnostic and therapeutic methods. However, our understanding of OA initiation
and progression at this joint is limited because of the inherent challenges associated with imaging and mechanical testing of TMC cartilage.
Contrast-enhanced computed tomography (CECT) is an imaging technique for quantification of glycosaminoglycan (GAG) content in cartilage.
CECT with a cationic contrast agent (CA4+) correlates with cartilage GAG content and compressive stiffness in animal models [3-5] and in the
human metacarpal joint [6]. However, the CECT attenuation-compressive stiffness relationship has not been studied in the TMC joint, and this
relationship varies substantially between joints. Therefore, our research question was: Is CECT attenuation using CA4+ contrast agent associated
with compressive stiffness in intact TMC cartilage surfaces?
Methods: The TMC joint of 16 fresh-frozen cadaver hands (10 female, 6 males, age: 66-101 yrs) was excised by an orthopaedic hand surgeon.
Intact, whole first metacarpal (MC1) and trapezium (TP) cartilage surfaces were extracted for testing. For each specimen, load-displacement
behaviour was measured at 9 testing sites using a standardized indentation testing device (Mach1, Biomomentum, Canada) with a spherical indenter
(D=1mm). Young’s modulus was calculated at each testing site using the load-displacement curves and measurements of cartilage thickness from
CT images. The average of the 9 moduli was reported as a measure of cartilage compressive stiffness. The samples were then immersed in CA4+
contrast agent solution for 48 hours and subsequently scanned with a resolution of 41μm in a HR-pQCT scanner (Xtreme CT, Scanco, Zurich). The
averages of CECT attenuations for each sample were computed for both superficial cartilage (200 μm depth from the surface) and for the full
cartilage thickness. Correlations between compressive stiffness and CECT attenuation were assessed with scatter plots and Pearson’s correlation
coefficient.
Results: A significant positive correlation was observed between stiffness and mean CECT attenuations in superficial and full-depth cartilage in
both first metacarpal and trapezium cartilage (Fig.1). Correlation coefficients were r=0.82 and 0.78 (p<0.01) in metacarpal specimens and r=0.8
and 0.76 (p<0.01) in trapezium specimens for superficial and full-depth CECT attenuation, respectively. We found similar patterns of stiffness and
CECT attenuation across cartilage surfaces (normalized data is presented for easier comparison) (Fig.2).

Discussion: We found a significant correlation between compressive stiffness and CECT attenuation in TMC cartilage specimens. This is the first
study to investigate the applicability of CECT for non-invasive assessment of TMC cartilage stiffness. Our finding of correlation between CECT
attenuation and mechanical stiffness is consistent with studies from other joints [5-7]. A key strength of the study is that both imaging and
mechanical testing were performed on intact articular surfaces, which better represents physiological behaviour of the joint than the more widelyused testing of excised cartilage plugs. The main limitation of this study is that we were unable to perform the histological assessments to determine
the exact relationship between CECT attenuation and GAG content. Overall, the results support the use of CECT to assess mean stiffness changes
in the cartilage region as well as in the distribution of stiffness across the cartilage surface.
Conclusion: Compressive stiffness correlates with CECT attenuation in intact first metacarpal and trapezium cartilage. This imaging approach may
be useful for assessing functional changes in cartilage associated with disease and injury, and for monitoring the effect of disease-modifying drugs
and other treatments in OA studies.
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