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Regeneration and functional recovery of rabbit knee joint after
osteotomy under control of external artificial joint

ZHONG Hong-gang', ZHANG Wan-giang', GUAN Ji-chao', BU Hai-bin',
DONG Fu-hui', QIAN Min-quan®>, MENG He' (1. Biomechanics Laboratory, Institute of Orthopae-
dics and Traumatology, China Academy of Chinese Medical Science, Beijing 100700, China; 2. Institute of Me-
chanics, China Academy of Science, Beijing 100190, China )

Abstract : Objective To discuss the possibility for regeneration of knee joint with normal function under bionics bi-
omechanical environment. Methods Seven normal rabbits with two metal frames respectively mounted on their
femur and tibia of single (right) side leg by two threading pins of 1.5 mm diameter were used. Then the external
artificial joints, containing two four-bar-linkage inside and outside of the knee to simulate motion trajectory of the
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joint in sagital plane were connected with the two preset fixed frames before osteotomy. The arthro-cartilage of
the knee joint, crucial ligaments, semi-lunar fibro-cartilages, and partial under-cartilage-osseous intra articular
capsule were cut off during osteotomy, with the patella, sesamoid bones remained intact. Insertion sites of mus-
cle tendons were not invaded as far as possible, and capsules with ligaments outside were kept complete when
the incision wound was closed by suture. The rabbits could move freely after osteotomy. The range of motion
(ROM) of the knees in sagital plane and bony gap between the femur and tibia were measured by X-Ray films
during the fracture healing after osteotomy. Results External artificial knee joints were successfully installed on
right legs of 6 rabbits among the seven. The rabbits moved freely after osteotomy under the control of minimal in-
vasive external artificial joint in bionics trajectory. The average angles between femoral shaft and tibial shaft at the
1st week after osteotomy were from (144.7 +15.62)° in extremely flexed position to (44.2 +25.77)° in extremely
extended position, with ROM of (100.5 £29.03)°. At the 12th week, the average angles were from (139.4 =
12.92)° in extremely flexed position to (40.4 +22.04)° in extremely extended position, with ROM of (99.0 =
23.39)°. No significant differences were displayed in flexed/extended position and ROM between the 1st and
12th week, with the bony gaps of the knees still existed but decreased significantly from (4.03 +1.84) mm at the
Ist week to (2.32 +1.05) mm at the 12th week. In contrast, bony gaps of the opposite knees were not changed
significantly, which were (1.27 £0.22) mm on average. At the end of 16th week after osteotomy, the external
artificial joints were removed. Newly born cartilage, with white color and smooth surface, were covered at lower
end of the femur and upper end of the tibia. Typical trochlear surface appeared at the front side of regenerated
cartilage corresponding to the posterior surface of the patella. And the regenerated fibro-bundle linkage similar
with ligament, which started from bony structure of regenerated lower end of the femur and inserted into regener-
ated upper end of the tibia, was observed in each rabbit. At the 25th week, the average angles between femoral
shaft and tibial shaft were from (148.3 + 4.75)° in extremely flexed position to (48.30 +17.57)° in extremely ex-
tended position, with ROM of (100.0 £20.80)°. In the opposite (left) leg, the average angles between femoral
shaft and tibial shaft were from (148.3 £7.5)° in extremely flexed position to (21.6 £9.09) ° in extremely extend-
ed position, with ROM of (126.7 +6.88)°, and the average bony gap of the knees after osteotomy was (1.4 +
0.59) mm, while that of the opposite (left) knees was (0.92 +0.35) mm. Conclusions The external artificial
joint with bionics trajectory could reserve the space for regeneration of rabbit knee joint by providing motion model-
ing environment, and proved the stress adaption during fracture healing. The present results indicated that regen-
eration of the knee joint after intra-capsular osteotomy in bionics biomechanical environment was possible.
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Fig.1 Four-bar-linkage model of the knee moving in sagital plane

(a) and computer simulated outline of the femur condyle (b)
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Fig.2 The external artificial joints of rabbit viewed on a whole
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Fig.3 Lateral X-ray film of rabbit knee after osteotomy under con-
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Tab.1 Results of ROM of the rabbit knees in sagital plane after osteomy
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Fig.4 View of rabbit knee before osteotomy (a) , during osteotomy
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16th week after osteotomy
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Tab.5 Comparison of weight bearing of two legs at the 25th week

after osteotomy

G MG E kg ARE kg A/ ZEm

2 1.75 0.67 0.38

3 1.54 0.83 0.54

4 1.46 0.80 0.55

5 1.19 0. 66 0.55

6 1.40 0.95 0.68

7 1.75 0.63 0.36
F¥E 1.51 0.76 0.51
AL 6 6 6
bR 0.216 0.123 0.119

RATEAEEIG AE

RN TR I B D B 1) PR B0 3 BT
PN B ST R D R B O A0 S0, A R TR
BR AHA T4 T A ST B A ), AR SCR FAR X
T 33t T B S PUAT HLA A B AN TG . i T
AT R B T BB RO T AR TR X
AT B BERIE I AEA RIS B . OG5 Bl I
WERE , HRIEE RS 25 J&, TN PR A 515 1%
B TS AR RO IE S IS B [ 2 0 2
26°, YAWIANE N T fE il T2 b5 2kt , %
R PR T ARG A o O TR B R 5 T 15 Bl
AP Bt s 2k — 20583 . i IS 4 s 5
i AR AR, A AR, T LA
19 2R R T AN 5 6 G B MC B o S T A
JE AR v AT LA AR R T 2R I 55 B 3 ia
P70 AT AR (R T AT A R R A
AW Jy 57 B

Sk

(1] k. HUBE 2R SCT BOR1E 52 -5 R AR S e 14 S 6 g B 27
WFE[J]. dbRtBE2ERE AR, 1966, 2. 127-130.

[2] #eR4x, W3, R, % B Pr@a 50 R s
[J]. et TR, 1984, 4(1) : 28-32.

[3] M, dmil, MRbsE, 55 RGO MAE s oe Ty
B A A SRR ) 0 SE S B 5T [ ], 11 JE b R B 2 5
1995, 4(4) : 154-155.

(4] B, A0C, WER, 5 W EIF MBI # T RE 8B
SRR [ J]. AR IASN R R A&, 2004,1 (1) 13-
14.

(5] Bheril, 2k, A S FrpLRG e 5 [E e 4% . i,
2141264 P]. 1993.

[6] #Paril, BRE, RER, 5. 25830 E KRt Ltk
HY G Wi (A2 J ] A, 2001, 14(10) : 604-
605.

(7] Bheril, sk, skosk, & FH X &0 adrgrmam
[ J]. BRI 1%, 2011, 26(2) ; 142-149.
Zhong HG, Liu B, Zhang WQ, et al. Using radiographs to
analyze equivalent weakest transverse interface of fracture
healing [J]. J Med Biomech, 2011, 26(2) ; 142-149.

[8] A&, X4bl, &MU, % BT ma & s [ J].
[ 45, 2001, 14(1) ; 14-16.

(9] JRBkiEl, B, Ji5e, S5 JBof i i 5G9 LT R AETE A
TR E ] PAERZRE, 2002, 22(5):
288-292.

[10] A, #scsh. AR AFERTIEIM]. K. KR
Jig#t, 1986.





