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Abstract—Impact injuries of cartilage may initiate post-
traumatic degeneration, making early detection of injury
imperative for timely surgical or pharmaceutical interven-
tions. Cationic (positively-charged) CT contrast agents detect
loss of cartilage proteoglycans (PGs) more sensitively than
anionic (negatively-charged) or non-ionic (non-charged, i.e.,
electrically neutral) agents. However, degeneration related
loss of PGs and increase in water content have opposite
effects on the diffusion of the cationic agent, lowering its
sensitivity. In contrast to cationic agents, diffusion of non-
ionic agents is governed only by steric hindrance and water
content of cartilage. We hypothesize that sensitivity of an
iodine(I)-based cationic agent may be enhanced by simulta-
neous use of a non-ionic gadolinium(Gd)-based agent. We
introduce a quantitative dual energy CT technique (QDECT)
for simultaneous quantification of two contrast agents in
cartilage. We employ this technique to improve the sensitivity
of cationic CA4+ (q =+4) by normalizing its partition in
cartilage with that of non-ionic gadoteridol. The technique
was evaluated with measurements of contrast agent mixtures
of known composition and human osteochondral samples
(n = 57) after immersion (72 h) in mixture of CA4+ and
gadoteridol. Samples were arthroscopically graded and
biomechanically tested prior to QDECT (50/100 kV).
QDECT determined contrast agent mixture compositions
correlated with the true compositions (R2= 0.99, average

error = 2.27%). Normalizing CA4+ partition in cartilage
with that of gadoteridol improved correlation with equilib-
rium modulus (from q = 0.701 to 0.795). To conclude,
QDECT enables simultaneous quantification of I and Gd
contrast agents improving diagnosis of cartilage integrity and
biomechanical status.
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INTRODUCTION

Mechanical impact injury of articular cartilage (e.g.,
fall or sports related accidents) often initiates cartilage
degeneration and development of post-traumatic
osteoarthritis (PTOA) due to the limited self-repair
capability of the aneural and avascular cartilage tis-
sue.28 Using present diagnostic techniques, it has been
challenging to detect tissue injury at its earliest stages.
In contrast to primary osteoarthritis (OA), PTOA may
be prevented with surgical or pharmaceutical inter-
ventions if detected early enough.2,6 The first signs of
cartilage injury include disruption of superficial colla-
gen network, loss of proteoglycans (PGs), and increase
in water content.5,12 Symptoms experienced by a pa-
tient (e.g., pain and loss of mobility) arise only at later
stages of disease progression, thus leaving clinicians
with limited treatment options at the time of diagnosis.
Hence, development of highly sensitive techniques,
capable to detect lesions and earliest signs of post-
traumatic degeneration in surrounding tissue, is
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