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Effect of needle-knife release on the median nerve and transverse carpal ligament in
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Abstract: Objective To investigate the effect of needle knife release on median nerve (MN) and transverse carpal ligament
(TCL) morphology and function and expression levels of inflammatory factors in rabbit models of carpal tunnel syndrome
(CTS). Methods Thirty adult New Zealand rabbits were randomized equally into control group, CTS model group, ultrasound-
guided needle knife release group, needle knife release group without ultrasound guidance, and sham treatment groups. In all
but the control group, the rabbits were subjected to CTS modeling by 10% glucose solution injection into the carpal tunnel once
a week for 4 consecutive weeks, followed by interventions with a single treatment session. At 3 days and 30 days after the
interventions, 3 rabbits from each group were selected for ultrasound measurement of TCL and MN thickness,
electrophysiological testing, ultrasound elastography, and inflammatory cytokine level assessment. Results In the rabbit
models of CTS, ultrasound-guided needle knife release significantly reduced the thickness of TCL and MN and improved
sensory nerve conduction velocity at both 3 and 30 days after the intervention. Elastography of the TCL showed markedly
softened intra-carpal tissues after ultrasound-guided needle knife release and achieved superior outcomes over those in the
other groups. The treatment also significantly reduced IL-17 levels and lowered IL-6 and PGE2 expression at 30 days after the
intervention. Conclusion Needle knife release of the TCL reduces thickness of the MN and TCL, enhances median nerve
function, alleviates intrascatic tissue stiffness, and downregulates inflammatory factors in the carpal tunnel in rabbit models of

CTS, and ultrasound guidance further enhances its therapeutic efficacy.
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Fig.1 Procedure of ultrasound-guided needle knife release of the
transverse carpal ligament (TCL) for treatment of carpal tunnel
syndrome (CTS) in rabbits (long axis, longitudinal section). MN:
Median nerve.
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Fig. 2 Ultrasonographic measurement of the thickness of TCL and MN (long axis,

longitudinal section).
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Tab.1 Thickness of the MN of the rabbits in the 5 groups
(cm, Mean+SD)

Group 3 days 30 days
Control 0.03+0.017 0.05+0.005
Model 0.05:0.008 0.06+0.011*"
Ultrasound 0.03+0.006 0.05+0.011°"
Non-ultrasound 0.04+0.004 0.06+0.006*
Sham treatment 0.05+0.007 0.06+0.008*"
F/KwW 12.680 10.083
P <0.001 <0.001

*P<0.05 vs Control group, “ P<0.05 vs Model group, “P<0.05 vs 3 days.

THUE 30 d, 5 411047 4 22 5 (P<0.001) . P
WL, 28 A PR S IR TR A e
2H K hEE T14H (P<0.001) s Y ZH 7)1 55 8 75 21 IR
A B 22 5 (P<0.05) s A 4 AR R A L) )5
FEAR TN ET T4 (P<0.001) , HiAx 45 4 34 JC W g 25 5%
(P>0.05) o [FJZH A [ ik 18] B HURE , 55 384 25 (P=0.009)
KAREE 4 (P=0.010) T Hlf5 30 dB T Hi)5 3 d A i
FE(FR2),

PODS 3 days

Control

Model

Ultrasound

Non-ultrasound

Sham treatment

B3 Rt Ry SIS AR

R2 BtEHHEE
Tab.2 Thickness of TCL of the rabbits in the 5 groups (cm,
Mean+SD)

Group 3 days 30 days
Control 0.06+0.014 0.06+0.005
Model 0.08£0.010* 0.07:£0.009**
Ultrasound 0.06+0.014" 0.06£0.017"
Non-ultrasound 0.07+£0.010%" 0.07+0.008*""
Sham treatment 0.08+0.006* 0.08+0.008*
KW 44167 35.941

P <0.001 <0.001

*P<0.05 vs Control group, “P<0.05 vs Model group, “P<0.05 vs 3
days.
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Fig. 3 Ultrasound elastography of the TCL of the rabbits in the 5 groups. PODS:
Postoperative days. Red arrow: Softer tissue; Yellow arrow: Firmer tissue.
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Tab.3 Sensory nerve conduction velocity of the rabbits in the
5 groups (m/s, Mean+SD)

Group 3 days 30 days
Control 50.87+4.46 41.00+1.98
Model 37.72+1.22% 34.60+3.29
Ultrasound 42.93+2.47% 47.8543.57"
Non-ultrasound 49.43+£3.59 37.42+2.34"
Sham treatment 37.25+1.98* 40.14+2.30
F/KW 4.584 10.460

P 0.006 0.033

*P<0.05 vs Control group, “P<0.05 vs Model group, “P<0.05 vs
3 days.

2.42 DML i) 3 d,54lEJC B & 25 (P=0.082) .
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RSB TC EVEZE R (R4,
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Tab.4 DML of the rabbits in the 5 groups (ms, Mean+SD)
Group 3 days 30 days
Control 1.63+0.20 1.5040.00
Model 1.63+0.14 1.6540.10
Ultrasound 1.77+0.06 1.56+0.03"
Non-ultrasound 1.87+0.11*" 1.60+0.10"
Sham treatment 1.69+0.21 1.55+0.05
Kw 8.279 3.732

P 0.082 0.443

#P<0.05 vs Control group, “P<0.05 vs Model group, “P<0.05 vs
3 days.

243 CAMP )53 d,54Hm o &2 7 (P=0.324),
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ML PR T TC W 25 R (P>0.05) , A5 A
UL K AR 21 3 i $2FH(P<0.05, 38 5) .
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Tab.5 CAMP of the rabbits in the 5 groups (uV, Mean+=SD)

Group 3 days 30 days
Control 7.64£1.09 13.79+1.26"
Model 6.06+1.21 10.78+1.14*
Ultrasound 7.30+0.66 8.50+0.32*
Non-ultrasound 5.16£0.25 10.44+0.817
Sham treatment 6.19£1.09 7.48+0.66*"
KW/F 4,658 7.188

P 0.324 <0.001

*P<0.05 vs Control group, “P<0.05 vs Model group, “P<0.05 vs 3
days.
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2.5.1 MEARIE WA 2 & AR IL-6 BT &k KF F
TG 3 d, A 4E P2 i s 1L-6 k7K 30
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IR AR B S A 28 F 4L IL-6 K IR TR AL A
(P<0.05), HpH LB Em2ER . WFHETLUE
AR TSR, R 4 TL-6 /K SFAE TR 3 d.30 d
I FRaEE. 25 4 (P=0.049) 51004 141 (P=0.05)
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Tab.6 Expression levels of IL-6 in the MN and TCL of the
rabbits in the 5 groups (pg/mgprot, Mean+SD)

Group 3 days 30 days
Control 139.125+9.361 108.236+5.8614*
Model 338.228+183.709 162.569+5.116
Ultrasound 159.577+34.440 117.525+44.296

Non-ultrasound 177.797+51.683 106.508+8.548"

Sham treatment 276.711£65.014* 93.962+32.796"
KW/F 1.592 0.208

P 0.468 0.355

#P<0.05 vs Control group, “P<0.05 vs Model group, “P<0.05 vs 3
days.
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J& IL-17 K2R TG 7 L (R T),

R7 ERHRER BEHH T IL-17RIEKF
Tab.7 Expression levels of IL-17 in MN and TCL of the rabbits
(pg/mgprot, Mean+SD)

Group 3 days 30 days
Control 145.062+22.129 146.645+5.093"
Model 390.195+241.577 197.483+3.653
Ultrasound 195.887+65.552 134.371+14.427%

Non-ultrasound 203.831+71.401 141.347+47.446

Sham treatment 262.956+71.852 121.410+50.371
KW/F 0.602 0.841

P 0.570 0.530

£ P<0.05 vs Model group.

2.5.3 BAKIE WP AY 2 B Ak #0 4F PGE, B T & A K -F
TG 3 d, &4LIE PR ik I PGE, kK FIF
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8 ErPHE R BEEHITE T PGE, R KF
Tab.8 Expression levels of PGE, in the MN and TCL of the
rabbits (pg/mgprot, Mean+SD)

Group 3 days 30 days
Control 787.950+312.418 389.838+64.445
Model 996.362+474.798 472.707+127.407
Ultrasound 642.028+279.930 293.878+47.927

Non-ultrasound 1094.537£136.554 441.109+186.411"

Sham treatment 1195.092+146.799 480.396+59.312°
KW/F 0.686 0.484
P 0.577 0.748
"P<0.05 vs 3 days.
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