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OCT-based Air-jet Indentation System and Applications: Detection
of Change of Stiffness in Articular Cartilage
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Abstract: Ulirasound indentation is widely adopted as a mechanical testing method to measure the
mechanical properties of soft tissues. Advantages of this technique include an operation ease and less
requirements for specimen preparation before testing, with acquisitions of both deformation and initial
thickness of the soft tissue. Based on this technique, we have further proposed and developed an OCT-
based air—jet indentation system, which utilizes the air—jet to indent the tissue and OCT to obtain the
deformation. Compared to middle to low frequency ultrasound in the ultrasound indentation system,
OCT has a better spatial resolution and thus it may be advantageous to use it for studying small tissues
such as the articular cartilage. In this study, we described the construction of the OCT-based air—jet
indentation system and demonstrated its usefulness for detecting the change of stiffness in cartilage
before and after degeneration artificially induced by enzyme digestions. Forty—seven bovine patellar
cartilage disks were tested with 20 treated with trypsin, 20 by collagenase and the last 7 serving as
control without enzyme treatment. A stiffness coefficient was used to represent the cartilage elasticity.
After digestion, the stiffness coefficient decreased from (734 + 281) kPa to (230 + 133) kPa in the
trypsin group (p<0.001, paired t—test) and from (705 + 286) kPa to (107 + 74) kPa in the collagenase
group (p<0.001, paired t—test), respectively. Results of the current study demonstrated that the OCT-
based air—jet indentation can be a useful tool to quantitatively assess the mechanical properties
of articular cartilage. The development of a further miniaturized probe suitable for arthroscopic
applications to articular cartilage in vivo is discussed at the end of this paper.
Key words: articular cartilage; osteoarthritis (OA); trypsin; collagenase; mechanical properties; stiffness;
optical coherence tomography (OCT); air—jet indentation; miniaturization; arthroscopy; ultrasound
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