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Abstract: [Objective] To analyze histological change at patella from meniscectomized rats and subsequently to study the
mechanism of pain from patella. [Methods] Rats were divided into 3 groups: operation (MMx)group (n=30), sham-operation
(Sham) group(n=30), and normal (Control) group(n=30). Medial meniscus and medial collateral ligament (MCL) of right knee was
resected in MMx group while reserved after being exposed in Sham group. No surgery in Control group. Then mechanical thresholds of
pain were tested and histological change of cartilage and subchondral bone at patella were evaluated on 1,2 ,and 4 weeks post-
operation.  Angiogenesis at the subchondral bone was measured and molecules such as tumor necrosis factor-o (TNF-a) , vascular

endothelial growth factor (VEDF), nerve growth factor (NGF), substance P were detected by immunohistochemistry. [Results] (1)
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The pain thresholds in MMx group declined dramatically after surgery and remained at lower level than that in Sham and Control group.
(2) The patella cartilage degenerated more in MMx group in accordance with Mankin’s score of cartilage after surgery. Subchondral bone
remolding occurred 2 weeks post surgery and significant change appeared 4 weeks later;  blood vessels crossing the osteochondral
junction, breaching tidemarks and eroded deep cartilage. The tidemarks doubled and disappeared. The thickness of subchondral bone
decreased. The cartilage and subchondral bone appeared normally in Sham and Control group.  (3)VEDF and NGF were identified at
cartilage and TNF-a and substance P were expressed excessively around neo-vascularization at osteochondral junction in MMx group.
All cytokines were detected weakly in Sham and Control group. [ Conclusions] (1)The patella from rats with MCL and medial meniscus
resection presents change of osteoarthritis(OA )and the model imitate OA pain of knee joint; (2)Up-regulation of VEDF and NGF correlate
with the degeneration of cartilage, remolding of subchondral bone and angiogenesis; (3)Neo-vascularization along with pain-related
molecules induce mechanical hyperalgesia in the knee. Subchondral bone of patella should also be the therapeutic target of OA pain.
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Fig.1 The macrostructure of patella

A The fresh separated patella; B and C represent the longitudinal section and cross-section of patella after decalcification individually (The

calibrations represent millimeters )
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Fig.2 Operation induced significant changes in 50% paw
withdrawal thresholds (PWT)

Mechanical allodynia was assessed using von Frey monofilaments
on 1 day before and 1,2,4,7,14,21 and 28 days post-op. Statistically
significant differences were determined by ¢ test. ( 1)P < 0.05 vs PWT of

pre-operation,2)P < 0.05 vs Sham group at 1,2 week post operation % £s ,
n=10)

YA RIS PSS 22 HLANM AR B, a2 A 4N
MUFELE, FER P AR MTRLL O-[E s e A1y
5Y, R R E YL iR | H £k i e 4 (& 3B,
4B,5B) ; BIARJFHE 2 FA R SR RS , 22
i PR HCR AR D, FLHEFIAS RN, S A0 2
FE T Y A8 55 , R4 AR h K (1] 3C,4C,5C) 5 5
RIGH 4 Ji, 25 208 35 R T, 22508 40
TH G, 2o U 2 A0 M 5 R 1 P g (A HE S L, 3
JEFELL O FIH RREIE YL R R ANY, Byt
HEER L B AR UL (81 3D,4D,5D), R
J& 3 Mankin's PE43 (] 6) 278 . MMx 2H P90 1E

3 NEF A Sham 41 F11 Control 4H & (¥ P <
0.05) ; %5 1 MMx ZH 374 Bifi s [5] 72 7 444 125
24 HETENEEFMEENDE

AR5 MMx ZH H 2R i i Gy (0 F 2 21 O[] 4
] ARG R s e M E A R
0 T I 0 222 AR AN R S35 JE B 20 T B, 1)
AR AR R B e AR R A it CD34
BRI UE T 3 8 M A7 AE T DL S A= 19 1
EORWE RS, AR TR R R, 3 1
EHBENEREE D, g T8 nE%Esit
(7)) Bn: RIS 1 RS HRE T80 0E%
FEARAE  (EAR S 45 2 J& MMx 2H 58 £ A 1l 45 53 3 T}
B 5 TR, B4 4 JR I (P < 0.05) . Control 2H
F1 Sham 2H 2% B 2 50BN B JE B2 S48 9% B G
B
25 REBANLER
2.5.1 VEGF # NGF AR/ Sham ZHF1 Control 41
VEGFHI NGF FRikfl55, PHYEAMECE 534 T 3=
JE R A0 ELRE R B JC A AR (B 8A L B) R
55 1 AR MMx 21 3% 2 FCl kil 2]/ 5 1) VEGF
A NGF FHYEZN, 2055 2 J& it BH A 240 5 e 9 ) v
IR MR B S E R, BIARJGEE 4 R BH 20
WL A TR R )2, RERDE A AR A R
R X B AR A 53 o e T R A, HL
BRI R AR AR PR A Y Rk
(K 8D,E,G,H),
252 TNF-a #= P# /& AJ5 Sham Z41F1 Control
ZH TNF-o F1 P 905 14) BEPA 200 B 87 0 A i i
gh A ab, FLREI ) I 2 o As (B 8C) . RIFEE 1



55348 TR, 45 R BN U A AR DTBR i 2 224 1 S e A BT 307

E3 gE#EYIE H/E LaHB™MEN

Fig.3 The cross-section of patella

A,B,C,D represent 0,1,2,and 4 weeks post-op individually.

Small asterisks indicate disruption of the articular surface, the decreased

superficial chondrocyte density and fibrillations on the cartilage surface. Arrows show neo-vascularization at subchondral bone. Staining, H/E. Scale

bars = 100 pm
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Fig.4 The cross-section of patella

A,B,C,D represent 0,1,2,and 4 weeks post-op individually.

cartilage and proteoglycan loss. Toluidine blue staining, Scale bars = 100 pm
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Dotted line shows the tidemarks. Arrowheads showing decreased thickness of
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Fig.5 The cross-section of patella

A,B,C,D represent 0,1,2, and 4 weeks post-op individually. Arrowheads showing cell cluster and loss of matrix. Staining, Safranin O-Fast

green. Scale bars = 100 wm
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Fig.7 The vessels at osteochondral junction of the patella
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Fig.6 Modified Mankin’s scoring of patella for Control,
Sham, and MMXx group at different time points

from Control, Sham and MMx group at different time

points

1)P<O0. h. 1 h i int,2)P
)P < 0.05 vs Sham or Control group at the same time point,2) 1)P < 0.05 vs Sham or Control group at the same time point,2)P

<0.05 f MM 1 week post-op,% + =10 .
Ve seore o * group T week postzop, w8, 1 < 0.05 vs vascular densities of MMx group 1 week post-op,x+s,n =10

VEGK NGEF-PB TNF-a /3-P

Negalive

Pasilive

Pasilive
L ]

~ *3 .
. 3 a* o
M et 4
~r4 X
~ 8
: - X
B8 gEBEREZEANER VEGF,NGF, TNF-a fl substance-P FIRIZMS 7, AR 5-ENENLEX R
Fig.8 The detection of VEGF, NGF, TNF-«, and substance-P at cartilage and subchondral bone of patella after MMx
Positive immunoreactivity is indicated by red-brown color (asterisk, D-I). Blood vessels crossing the osteochondral junction and eroding deep
cartilage (arrow, D-I). Positive staining chondrocytes with VEGF and NGF locating in degenerated cartilage (D, G and E, H respectively), while

TNF-a and substance-P surrounding the base of neo-vascularization (F and I respectively).Sections incubated without any primary antibody showed no

specific staining in the negative control group(A, B, C). Scale bars = 100 pm
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