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[ Abstract]

on knee-joint function and lower limb biomechanics in a rat model of knee osteoarthritis (KOA ), and to explore the

Objective This study aimed to observe the effects of Yin-Yang balancing acupotomy intervention

mechanisms of acupotomy when treating KOA. Methods Forty SD rats were randomly divided into a blank group, a
model group, an acupotomy group, and a medication group. Except for the blank group, KOA models were
established by injecting a mixed solution of 4% papain and 0. 03 mol/L L-cysteine into the left knee-joint cavity. The
acupotomy group received Yin-Yang balancing acupotomy interventions targeting the medial/lateral collateral ligaments
and patellar ligament. The medication group received daily oral celecoxib (10 mg/ (kg + d) ). Interventions began on
day 7 post-modeling, and occurred once weekly for 4 weeks. All rats were assessed pre- and post-intervention using
the modified Lequesne MG knee-joint grading system and rotarod fatigue test. Post-intervention, in vivo DR imaging
was used to measure joint space width. Cartilage morphology was evaluated via HE and safranin O-fast green staining.
Ligament biomechanical tensile testing was performed. Serum and cartilage tissues were analyzed by ELISA and
Western Blot for matrix metalloproteinase-13 ( MMP-13) expression. Results (1) Compared with the blank group,
the model group showed increased modified Lequesne MG scores, reduced rotarod endurance time, and narrowed joint
space (P < 0.01). (2) Compared with the model and medication groups, the acupotomy group exhibited lower
Lequesne MG scores, prolonged rotarod endurance time (P < 0.05), and expanded joint space (P < 0.05). (3)
The elastic modulus of ligaments in the acupotomy group showed no significant difference from those in the model
group but was higher than those in the medication group. Yield strength, maximum strain, and yield-to-tensile
strength ratio in the acupotomy group were higher than those in the model and medication groups (P < 0.05). (4)HE
and Safranin O-Fast green staining revealed minimal inflammatory infiltration in the acupotomy group compared with
the model group. Cartilage surfaces in the acupotomy group were smoother than those in the medication group. (5)
ELISA showed reduced serum MMP-13 levels in the acupotomy group versus the model group (P < 0.01), and no
significant differences between levels in the drug and acupotomy groups. (6) Cartilage MMP-13 expression in the
acupotomy group was significantly lower than that in the model group (P < 0.01) and lower than that in the
medication group (P < 0.05). Conclusions Acupotomy intervention enhances knee joint stability, improves lower
limb mechanical alignment, and suppresses MMP-13 expression in KOA rats.

[ Keywords] knee osteoarthritis; needle-knife; MMP-13; lower limb mechanics; chondrocytes
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Note. A. First day post-modelling. B. One week after the end of the intervention. Compared with the balnk group, **P <

0.01. Compared with the model group, P < 0.01. Compared with the medication group, P < 0.01. ( The same in the

following figures and tables)

Figure 1 Comparison of modified Lequesne MG knee joint grade scores of rats in each group (x £ s,n = 9)
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Note. A. First day post-modelling. B. One week after the end of the intervention. Compared with the model group, *P <

0.05. Compared with the medication group, P < 0.05. (The same in the following figures and tables)

Figure 2 Comparison of rotarod fatigue test duration of rats in each group(x +s,n = 9)
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Figure 3 Comparison of knee joint space in rats one week after the end of the intervention (x + s,n = 5)
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Table 1 Comparison of tensile test data of each group of rats one week after the end of the intervention(n = 3)

2057 HLPERL R/ Pa Jiti A5 B/ Mpa R AR JH5R L

Groups Elastic modulus/Pa Yield strength/MPa Maximum strain Yield ratio

25114

=Rl 0.000 069 637 1 + 0.000 012 016 5 0. 830 25 + 0. 052 54 42.6518 + 0.8027  0.645 114 916 = 0.013 962 000
Blank group

ApIE:)
Acupotomy 0. 000 088 130 2 = 0.000 027 152 6%% 0.769 45 + 0. 023 41" 39,7717 + 1. 6029" 0.972 700 835 + 0. 000 409 559**

group

Bty
Medication  0.000 052 285 8 + 0.000 010 293 8" 0.604 10 = 0. 076 51 35.0631 + 0.1688  0.689 951 045 = 0.098 137 471

group

R

0.000 094 620 5 + 0.000 013 083 6™ 0.536 75 = 0.060 32** 34.1399 + 1. 1588™* 0. 649 244 782 + 0. 151 815 302
Model group

B2 AL, P < 0.05,
Note. Compared with the blank group, * P < 0. 05.
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Note. Arrows and circles in model group indicate massive inflammatory cell infiltration, synovial hyperplasia, and discontinuity

of the cartilage surface. Arrows and circles in acupotomy group and drug group indicate sparse inflammatory cell infiltration and

discontinuity of the cartilage surface.

Figure 4 Comparison of chondrocyte morphology in each group of rats one week after

the end of the intervention (HE and safranin O-fast green staining)
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