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Liver tissue separation by medical water-jet scalpel and its mechani-

cal property

SHI Cai-hong', ZHANG Kun-liang®>, CHAI Hu’, LI Hao', ZHANG Jian-ming’,

LI Rui-xin', YANG Kang-jian’, ZHANG Xi-zheng' (1. Institute of Medical Equipment, Academy of
Military Medical Sciences, Tianjin 300161, China; 2. School of Biomedical Engineering, Southern Medical Uni-
versity, Guangzhou 510515, China; 3. School of Mechanical Engineering, Tianjin University of Technology,

Tianjin 300384 , China)

Abstract. Objective To study mechanical properties of the medical water-jet scalpel when cutting parenchyma
such as liver and verify its tissue-selective cutting characteristic. Methods The tension mechanical properties of
porcine liver parenchyma and its vessels with different sizes were determined. Porcine and Wistar rat liver tissues
were cut with arteriovenous vessels well reserved, and pathological section of the rats were analyzed by HE stai-
ning to explain the experimental phenomena. Results When the working pressure was set at 3 MPa, the incising
and separating on the right lobe of porcine liver by medical water-jet scalpel in this experiment were done with
minimal vessels of 0. 8 mm in diameter left. Pathological sections from ordinary scalpel and medical water-jet
scalpel showed that the medical water-jet scalpel caused smaller tissue damage. Conclusions The medical wa-
ter-jet scalpel could cut heterogeneity soft tissue with highly-selective characteristics, which may effectively avoid
the existing “one size fits all” phenomenon caused by ordinary scalpel.
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Fig.1 Dissection of porcine sciatic muscles
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Fig.2 Tension test of porcine liver parenchyma and blood vessels
(a) Arteriovenous vessel samples with different sizes, (b) Porcine liver
parenchyma samples, (c¢) Tension test of porcine liver blood vessels,

(d) Tension test of porcine liver parenchyma
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Tab.1 Statistical chart of porcine liver parenchyma tension test
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Fig.3 Stress-strain curve of porcine liver parenchyma ten-

sion test and linear fit of elastic modulus
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Fig.4 Stress-strain curve of porcine liver vessel tension

test and linear fit of elastic modulus
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Fig.5 Experiment of soft tissue cutting and vascular dissection on

the right lobe of porcine liver
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(a) Reserving minute vessels, (b)

Separating large vessels, (c¢) Liver semi-detached state, (d) Completed

separation of vessels in the right lobe
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Tab.3 Vessels reserved after porcine liver dissection
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Fig.6 Comparison of rat liver by different dissection methods
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