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Water—jet Ultrasound Indentation System: Its Miniaturization and
Detection of Articular Cartilage Degeneration

HE, MAF

T I TR BRI &R, il

HUANG Yan-ping, ZHENG Yong-ping

Department of Health Technology and Informatics, The
Hong Kong Polytechnic University, Hong Kong, China

[ E] AL ARSIk R an 12, SRIG45 6 B A2 )R B
KBRS, JETRAS LT ) Rt A st R A — R . IhBR O & AE B 2
BTz T A5 R AR Y R 2 S AR AL . R K R R R SR FH K SR R U % 5t
BHAEN RS, (— oS B A GERA S ) METEAERT, AT LA DR o A5 7 4 S iR AS -4
ANIE T RVEEN S B, I A PR R 2 U R AR I D05, T AR R AE A
ARE A LUFNAN TR o ASCHER AN R K s EN R R G, IF Bl
TEE SRR BRGNS TR R MR . AT — N B RBOCR R BRI R, P42
I TR 1 R 2 D P BRI A o0 R B AR AR B i iRk . WP AR (14
ANERIREREA, A7) BREL R AN S, B RIERE R BN K
[9(9927 + 3420) kPa (fH + Jr2=, FIF) B2 T (2061 +721) kPa (p < 0.001, FoXk:
¥, T ;5 20 FEEAEREIEZ )R, (8275 +3209) kPa)fiF] T (3746 + 916) kPa (p
=0.001) . Z5G RS, HRGE AT LR ACE B S S50 SR S 5, N
IEAIEFE LS S S 7 K ol B e 2R GE REAR AT 1) PPl B A 8o B T Ak =22 05 1R 25D
SR, SCRERE IR T R G 5 B (I B A A B W I PR T AR
Hil

[RER] Bl BRTR; WEAR,; REREARM; Rt BREERS; K
Ui NBL

Abstract: Ultrasound indentation, which utilizes ultrasound to extract the initial thickness
and deformation of soft tissues during an indentation test, is a technique to investigate the
biomechanical properties such as the elasticity of soft tissues. The water—jet ultrasound
indentation further adopts a water—jet rather than a rigid indenter (normally the ultrasound
transducer itself in a conventional ultrasound indentation) as a tool to indent the tissue. It solves
the problem of difficulty in use when with high frequency ultrasound a non—planar tip of the
transducer is used as the indenter. Furthermore, it has the advantage of a high—-speed scan of the
distribution of tissue elasticity and can be applied to assess small tissues such as the articular
cartilage. In this paper, we described the development of a miniaturized water—jet ultrasound
indentation system and evaluated its usefulness in assessing the quality of articular cartilage
before and after degeneration. A stiffness ratio was used to represent the stiffness of the articular
cartilage and two enzymes including trypsin and collagenase were used to digest the cartilage
in order to simulate the degeneration. Preliminary results on 14 cartilage specimens (7 in each
group) showed that the stiffness ratio decreased from (9927 + 3420) kPa to (2061 + 721) kPa (p
< 0.001, paired t—test) in the trypsin treatment group, and it reduced from (8275 + 3209) kPa
to (3746 = 916)kPa (p=0.001, paired t—test) in the collagenase treatment group, respectively.
With the incorporation of high frequency ultrasound, this system can also be used to measure the

morphological and acoustical properties of the articular cartilage. Therefore, the system can be
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used to assess the change of various properties of cartilage after degeneration. At the end of

the paper some discussion is presented on further improvement of the system design towards

its future clinical studies on articular cartilage in vivo.
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