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Insertion Force Analysis of the Epidural Anesthesia Needle against the Porcine
Ligamentum Flavam

Kiyoshi NAEMURA,” Hideya Sarro™

Abstract The purpose of this study was to evaluate the needles used for epidural anesthesia. Medical doctors
feel resistant force when inserting needles into the epidural space, and resistance diminishes after puncturing the
ligamentum flavum, but the relationship between the resistant force and the puncture of the ligamentum flavum
is not known. We conducted a comparative study using porcine ligamentum flavum. Porcine spine from a slaugh-
terhouse was divided into thoracic (n=11)and lumbar (n=17) spine, and test pieces were fixed by RTV rubber.

A needle and a load cell were set on a motorized stage, and the speed of insertion was set at 2 mm/s. A CCD cam-
era recorded the images during the puncture of the ligamentum flavum. Two needles were employed ; one was a
sharp (tip angle of 25 degrees), the other was a dull (tip angle of 38 degrees). The results showed that the ligamen-
tum flavum deformed before the needle puncture. The peak value of force (Fp), drop of force (Fd), and deforma-
tion of the ligamentum flavum were compared by Student-Newman-Keuls test. Fip and Fd of the lumbar spine
were higher than the thoracic spine (p<<0.01). Fp and Fd of the sharp needle were lower than those of the dull nee-
dle (p<0.01). The difference in the deformation was not significant between the two types of spine and the two
types of needle. Our conclusions are that 1) the ligamentum flavum deforms up to 3 mm before puncturing; 2) the
lumbar spine shows a higher resistant force; and 3)the insertion resistance of the dull needle was 30% higher
than that of the sharp needle.

Keywords: epidural anesthesia needle, insertion resistance, porcine spine, deformation of the ligamentum flavum.
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Fig. 1 Porcine spine from a slaughterhouse.
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Fig. 2 Typical shape of the Tuhoy-type epidural anesthesia
needle. The needle tip sharpens at angle o by a
grinder. The Sis bend angle of a stainless pipe.
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Fig. 3 Cross section of the needle tip obtained by an X-ray CT. Explanation of the measured value is shown.
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Table. 1 The tested needle shape (tip angle ¢, outer diameter, tip length).

Tip angle (degrees) |0.D. (mm) | Tip length (mm) | X (mm)

A 25

3.0 0.07

B 38

22 0.17
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Fig. 4 Photo of the experimental setups to measure the reac-
tion force, while a needle inserts into the ligamentum
flavum of a porcine spine.
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Fig. 5 Measurement of the deformation of the ligamentum
flavum.
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Fig. 6 Comparison of averaged waveforms between thoracic
and lumbar spine.
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Fig. 7 Comparison of the peak value of force between tho-
racic and lumbar spine.
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Fig. 9 Comparison of the deformation of ligamentum flavum
between thoracic and lumbar spine.
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the deformation of the ligamentum flavum.
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