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The effectiveness and safety of a percutaneous controllable curved plasma radiofrequency ablation device of
nucleus pulposus

ZHOU Hao', ZHANG Qianyi’, LU Jiajie’, WU Tao’, CHEN Yituo>, ZHANG Qichen®, LI Xilei’, CAI Haikang'", TANG Jie'"
1. Department of Orthopedic Surgery, Shanghai Xuhui Central Hospital, Shanghai 200231, China
2. Department of Orthopedic Surgery, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[ Abstract] Objective To verify the safety and effectiveness of a new percutancous controllable curved plasma
radiofrequency instrument for nucleus pulposus ablation. Methods A new percutaneous controllable curved plasma radiofrequency
instrument were designed (controllable curved group), and its ablation effect was compared with the currently used straight head non-
bendable plasma ablation instrument (non-bendable group) on gross specimens. The ablation instrument was placed through the right
intervertebral foramen, and continuous ablation on the same intervertebral disc was conducted for three times. The ablation range and
trajectory were recorded, and the temperature changes in the front, back, left, and right of the ablation center during and 15 seconds
after ablation were monitored by the inserted temperature probe. Results There were no difference in temperature changes in the
front, back, right regions of the ablation center during and 15 seconds after ablation between the two groups. The temperature
changes in the left region of the ablation center both during and 15 seconds after 3rd ablation were larger than those in the non-
bendable group (P<<0.01). Compared with the non-bendable group, the controllable curved group achieved angle control and larger
single ablation area (2.282 5 mm? vs 1.135 8 mm?, P<<0.000 1). Conclusions This new percutaneous controllable curved plasma
ablation instrument can achieve angle control and ablation on the side opposite to the puncture site, increase ablation volume, and is
safe.

[ Key Words] plasma radiofrequency; controllable curve; nucleus pulposus ablation; temperature
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Figure 1 Self-designed percutaneous controllable
curved plasma nucleus ablation device

A: Overall appearance; B: At the maximum bend angle.
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Figure 2 The locations of the intervertebral disc ablation points and the positions of the temperature sensor probes

A: Illustration, A, B and C are three ablation pionts, CH1, CH2, CH3, and CH4 are positions of the temperature sensor probes;

B: Pre-ablation anteroposterior radiograph; C: Pre-ablation lateral radiograph; D: Post-ablation anteroposterior radiograph; E: Post-

ablation lateral radiograph. Red arrows show puncture cannula needle and controllable curved plasma ablation instrument; yellow

boxes in D and E show the extendable and bendable part at the front end of the ablation needle.
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Table 1 Comparison of temperature difference changes around the ablation center in intervertebral disc during

radiofrequency ablation between the two groups

I, R PR A% 55 8 1 Rl BT 2 0 ek o
AR, nTREI I, HN IR AR T A A
[ £ 08K

n=12
Site Non-bendable group Controllable curved group 95%CI t P
First ablation
CH1 0.633310.1670 0.7500+0.2576 —0.3391-0.1058 1.3338 0.5604
CH2 0.63334+0.1969 0.5583+0.2466 —0.1474-0.2974 0.8574 0.8647
CH3 0.5917%£0.2314 0.5083+£0.2429 —0.1391-0.3058 0.9527 0.8141
CH4 0.533340.2103 0.37501+0.1288 —0.0641-0.3808 1.8101 0.2638
Second ablation
CH1 0.500040.1348 0.4750+£0.1357 -0.1571-0.207 1 0.3492 0.9945
CH2 0.750040.1508 0.616710.1801 —0.0487-0.3154 1.8623 0.2387
CH3 0.616710.2368 0.6583+0.1929 —0.2237-0.1404 0.5820 0.9632
CH4 0.441740.1564 0.525040.1913 —0.2654-0.098 7 1.1639 0.6795
Third ablation
CH1 0.441740.1929 0.47501+0.1712 —0.2094-0.1427 0.4814 0.9815
CH2 0.3750%0.1422 0.4167£0.1467 -0.2177-0.1344 0.6017 0.9586
CH3 0.725040.2340 0.65831+0.1621 —0.1094-0.2427 0.9628 0.8083
CH4 0.400040.1537 0.6917+0.1311 —0.4677-—0.1156 42121 0.0002

CHI1: posterior part of intervertebral disc; CH2: right part of intervertebral disc; CH3: anterior part of intervertebral disc; CH4:
left part of intervertebral disc.

x2 MAHEBEZFIUERE 15s HRPOEARRETHILER

Table 2 Comparison of temperature changes around the ablation center in intervertebral disc 15 seconds after

radiofrequency ablation between the two groups

n=12
Site Non-bendable group Controllable curved group 95%CI t P
First ablation
CHI 0.3750+0.086 6 0.4167%0.1467 -0.3391-0.1058 0.7536 0.9105
CH2 0.391720.0996 0.266710.1497 —0.1474-0.2974 22601 0.1009
CH3 0.3833£0.1697 0.3083%0.1730 —-0.1391-0.3058 1.3565 0.5444
CH4 0.2833+0.0835 0.2167+0.1403 —0.0641-0.3808 1.2057 0.6506
Second ablation
CH1 0.2917%0.1240 0.2667£0.1073 —0.1571-0.207 1 0.5477 0.9704
CH2 0.4250%0.1215 0.3417£0.1240 —0.0487-0.3154 1.8257 0.2561
CH3 0.3333+0.1231 0.4083%0.0793 —0.2237-0.1404 1.6432 0.3552
CH4 0.2500+0.0798 0.3333£0.1231 —0.2654-0.0987 1.8257 0.2561
Third ablation
CHI 0.26671+0.1497 0.308310.1084 —0.2094-0.1427 0.8435 0.8715
CH2 0.233340.1073 0.2917£0.1240 —0.2177-0.1344 1.1809 0.6678
CH3 0.366710.1435 0.3333+0.1303 —0.1094-0.2427 0.6748 0.9383
CH4 0.2333+0.1073 0.4167+0.0835 —0.4677-—0.1156 37115 0.0014

CH1: posterior part of intervertebral disc; CH2: right part of intervertebral disc; CH3: anterior part of intervertebral disc; CH4:

left part of intervertebral disc.
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Figure 3 Overall view of the intervertebral disc section

after radiofrequency ablation
A: Non-bendable group; B: Controllable curved group, it
shows the ablation track can reach the opposite side of the

puncture point.
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Table 3 Comparison of the sizes of the vaporization cavities in intervertebral discs between the two groups

n=12
I Non-bendable Controllable curved
ndex t P
group group
Dimeter/mm 1.201740.0478 1.7017%0.0478 13.9848 <0.0001
Cross-sectional area of the vaporization cavity/mm’ 1.1358+0.0926 2.2825%0.0926 12.708 0 <<0.0001
Plasma ring area/mm’ 0.1858+0.0926 0.7425+0.0926 6.1693 <0.0001

Plasma ring area is difference between cross-sectional area of the vaporization cavity and blade head cross-sectional area.
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