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[Abstract] Objective In vitro construction of bionic tissue engineering cartilage and repair goat
knee cartilage injury. Use of histological staining, mechanical analysis, ultrasound elastography examination,
evaluation of the repair effect of this method, and the feasibility of noninvasive ultrasound evaluation. Meth-
ods 12 male goats were randomly divided into A, B, C three groups. Group A: two in blank control group.
The knee weight-bearing area was 6 mm in diameter, with a full-thickness cartilage defect. Group B: four
goats, Only bionic cartilage scaffold was implanted in the defect of the Weight-bearing area of the femoral
condyle. Group C: six goats used the Bionic cartilage scaffolds were combined with autologous bone marrow
mesenchymal stem cells was implanted in the defect of the Weight-bearing area of the femoral condyle. BM-
SCs were isolated from bone marrow blood and cultured. When the concentration of cells reached 1x107 cells/
ml, they were load in to the bionic cartilage scaffold. The constructed bionic tissue engineering cartilage was
implanted into the femoral condyle cartilage defect. In each group, the goat was made in the left knee first,
then in the right knee three months after the operation, and then in the right knee three months after the opera-
tion, the ultrasonic examination was first, and then the gross score, pathological staining, GAG content deter-

mination and mechanical detection. Results In group A, there was no cartilage repair at there and six
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months. The results of gross score, pathological score, GAG content and mechanical detection showed that
group C was better than group B (P<0.05), Moreover, in group B and group C, the 6 month group was better
than the 3 month group (P<0.05). In group C, the 6 month group was closer to the normal cartilage tissue.
The results of repair gross morphology and indentation test were consistent with those of ultrasonic elastogra-
phy. Conclusions Using tissue engineering to construct bionic cartilage to treat early cartilage injury has a
reliable therapeutic effect, and with the participation of autologous bone marrow mesenchymal stem cells
can achieve better repair effect. The recovery period of cartilage injury after bionic cartilage repair is more

than 6 months. Ultrasound elastography can be used as a simple, rapid and effective method to evaluate the

recovery effect of cartilage transplantation.
[Key words]
Bionic scaffold

Ultrasonography;

B B AE I RAR & L, S 30CR 45 405 T A 2
RBIT TTEEN, H 8 H A A, SECE T R R
R, S AN RT3 3R AR R R O B BT
BRL B o 0 v 9 TR HE, i AR T 8 0, A2t
H, AR IR T RORAME . Wil B 1897
AT 4O — EL 2 BT B B R, S A BE R T K 2
A0 B T B 403 BRI SR D A R R 1]
TR A, TR THLA TREEABE R E
0 PR R AEAH LA S5 PR 7 VAR T R
EMPERY, PLARR#R T2mapping 7 5% G ks &, H.
WHb R A B FH B ot R A I ) J UG, O R B B R
U G = P NVAN & e N N E1)5'% N = A VS
DIt o0 BB RS AR A I BR g B PR A SR P 5
KA T B FEART T, FATIE A B AR &
fifi [8] 78 9 T 41 2 (bone marrow mesenchyml stem
cell, BMSCs) INHAE A A2 B0 E SCHE b R A A 3 4 21
TR KA B A AIRICR, [FJI PR P AE
BIRFY AR R PN B A SRR AR AT

cell suspension
(multipoint injection)

hydrophobicity

7/

4+

[ 1 |
1 1
polypropylene mold ()

bionic scaffold
. T EERETY 7

Elasticity imaging techniques;

Cartilage; Tissue engineering;
MR %
— R SR

FH I 6 PR A DK 7 01 440 R &/ 328 o A ) 4 A
G, BB W G R R . 2R
B SRR TR A S B R T T

LY/ ps &l ke

KBk AR R L2 (25 kg) , LR 9%
R BE ML 4 ml 4> B FE, AR A4 5 A i R 78 T
TR, Wb 2~3 FRAHM, = S4B 9 13 10™1Yml
T A AR TR .

= iR A R TR B R A

Y A7 AR B0 SCZR R TR R AR R TN A A
Fod, Y A R R 0 20 i 2 VR 22 P e S N SO 2R N
T T, ) FE 5 TR PR /K R P 2, R (R 4 B B T

TR N SCORAR T AR 8 97 2 h e RS2
ZR- 4 i 525 AR TN B 7 25 o RV AT v A R AL C
1~4),

) B BT RS KR, 4R B A 2

RAF, SR

Wik BE2~4 AR SCIRAN AT 5T I EE



B SEERI S EE R TE 2020464 F %5634 #5280 Chin J Geriatr Orthop Rehabil (Electronic Edition), April 2020, Vol.6, No.2 c 64 -

VU Fazh ¥ o Ak AT 3 TREBCE P HE

12 RBEPE L == BEHL > 9 3 4L 50, A A
X2 2 R, AR I R 0 B DX A LA 6 mm 42 R AR
B BB A i AP SCRBREA 4 R fEBE
Bk L 38 AH [R] A7 B AN AN 020 i 05 2R 3 SR C
HOTERE SR E S HIEBMSCs 416 A . Rt

12 =241

BEATL 7320
%5 A I B S " BMSCst % %41]
Group A=2 H 3¢ Group B=4 5 Group C=6 H
4 . 9
JE W A TE RS AE BB
;4 L2 | 4
3TAR 3N 3N HJE
A I AR Ll i R
9 ¥ L4
6 H JE iUkt 6 H JEHUk 6 N JE Uk
AR 8 MREA 12 FEAR

5 i

0 1) 075 A A R TR R RN B R A7 R DX A
o BRI FE ST EIRIE R BB TR, f5 £
ARG 3N H e BT ARER LR TR, fr
FBEFARE 3 H NI

SR ol IE LAY

SRR I 506 68 MR 21 M R R AT 7 7S A AR
R, B AE AR UM JE X b A AT
P& VF 73 1), Wakitani CH 45477 12 5290 B0 7 0
(AL O AR« T R S G e A AL e (), HL i

Elo i ik g, A AN X CA SRR . B AT X ] RASUIRT, SR EY R % . CATBEY

(R 2HZA TR SR i AT a He 77 2 DA i W A T
VAR WA &)
KA SPSS 11.5(IBM, 3 ED AR 47 Gi it 245
M1, THE BURER F K-S K38 2 T 445 & IR 20, XK
P53 Wakitani 7 1 0F 7 - GAG 7 &2l 7 « #i WI
FEAE R FH BRI 2 7 Z 00T, UL s R, i 30 K HEa
EEORAM 0.05 -

% R

— ARG

ESURA i e ok 7 L RS A A (8 6~7), AT LA
AR BF 2 X 2 tH 3R 40493 X3, 78 A IR I T) i
5 BB E X AT WL H B AR, 8 3 75 A 2 m i
T I T B A Y T R R R S v (B 6) .
7 R R GOR 2 TP e B IR R (B DD,
N T T 422 e ok 28 38 v PRI I o

TVHZRE AR

AHA R Z REFBEEHN, BHKRAHEHE
B R AL, i Aol SCRRAT B E X R 1Y
JI& JEUARFAIE , {ELR R 45 44 2580, I8 R IX N HCE 4l & &=
B, 5IEE G Z WAAER SIS, Rk
HIS AL A EI R . CARBERBA
3G B RALA, IR HEIARE , ORERE T 05 AR B B
VR G, RINNE W B R, 18 55 XA B 4 i
HEFE, HEEFREHLS, BEXSIEEREE
%, HIiEE & s RIEDGHE , JFREE I A AR
HF 6 N H B 8T B IR 2 45 1 Oz 12 55 56 %
(K8

6/™H

gk 6 N HEE G, 7] WaAR R IB WL 1E 8 7 TR RUE AT EAE S X R A TR &, (A1 I i
SRR . M C A6 A AR —rAE 5 X St s e 1%, & /NI B AN 2 mm
V" RINEE X Max24.95kp, Mean16.96kp; “Y” 78 1 [X Max34.48kp, Mean15.23kp,



<65 IR ZERR S BEE R TAE 20204E4 1 %63 4528 Chin J Geriatr Orthop Rehabil (Electronic Edition), April 2020, Vol.6, No.2

N WA TR S

MKARIRAGE R, A E SR HEA B
HC LT LAFE GAG 7 2l 58 S 5 W AR W 2 45
S IRATR X B C AL 5 1E 5 8Os X, 430
HHAT RN R 201 SIBAFMCAI3 A6 HM
AN HUE ] T8) B 20 236 A AT 2 b, KA 7 (F=
4.267, P=0.022) , Wakitani %X ‘& 1& & 9% #H 1 & (F=
5339, P=0.039) , GAG ¥ & Jll & (F=5.014, P=
0.006) , BB W FE Al (F=4.379, P=0.013) , 45 B 7R
FH M EA AT, @ B L, C e A4S
B 41116 H 4L 2 7 ¥ H it 22 & L (P<0.05),C
e A5 3 H /N SR A 2 8] 1) 22 7 356
TH 7 X(P<0.05), C 46 A A5 IE R H AL
1 GAG & & JCE NI 2 7 B4 it % 2 L (P>
0.05), g5 R UL C 4L 6 H A& & R AL T H
A 2H, FEET IR E (B 9~12).

®

D7 A B STERE R AR R A Ah Bk i e it
PR TR BRI AR T R B A MR 2 R 5kl 2R
(RIREPE, SE A (A 1 IR H R A IR R 1k, 5 [ A
B2 B AN MACTGS L™, 3R e 7F A 1) 477 A2 4K
S EAT ARG, A AR S ) A FL R
GERAEN, AR T AR A B A, 23 AR R 5 1] 45 R T

HEE, fFEIEERE MR MRS, BIEEFFTX
VRN b 4 B R FRAR, BT DAR R A AR R S
ZRSRAG AT (1 3R B A R A K PR P S A R AR
KIREE . A 1)1 B 1) 7 o T 2 B B A R 7 68
PEX 20 /N, AR AR IR IS R R AT A 5 5 T T,
i 2 H IR A A vy B 1R) 70 5 T 24 L ) e A, LA
MR A AR B o ARSI o T AR S 4R
PG T (B 1~4) o DUAE R T 5 10K 41 g A
R INAE SCEER T, AU R 2, AR E & SCBE M)
Y B E B AN I AT, T ST S HAR R 58 4 —
(1) 5 TR M A5 L v, 4 5 S R A (] 44 AR 1 4 i 2 v 35
S 2 REST AN SCHEN, T R B KR,
I B A 22 im R i LLRE e 2 2 12 IR N SCBE N
B, AMEBEPRUEA 2 0% 1 41 B 20 A Ry ik N S 28
PN, 34 T A CR S B A R B 1 1, 240 O A2 VS REAE S
B R K20 A1 2 X R 5 43200 1E B 2
ML oA, AR Tt — DAL EE . @it AO-PI
ety Hoechst33258 Y ff AR FH 45 R~ (B D,
RIS An TSNS, HAE R AE TS m. 4R
e A T

AR BN 56 45 R B, BLE R ] 78 )50
THME G AERE SCRRART 6 N HMIEE AR
Bl o R L R A S0 RO S BIAR AR K
IRTEAS U 275 A S Fof B, S8 245 R 5 Uk
GEREEAR —F BRI s I S . i DLk

FLL O gk FJ/aOlflggs N ARJE | itV
KA HE*40 HE*100 HE*200  HURMLHE*40  HIRIE*100 40 100 B AL 40 Hape 240+ 100

B4

c4 3 (Lo
61H i L < .pr

TS

8 AMALINH 6 NMANENRMIHTLLER . BHAENA SRS 5 MEREX BARA A, B2 X WA, N34
HEN6 AN A B8 BLEAG, ol 72 )2, Wik . CALEM AN S AR & 25 N B R 1) 78 /5 T 20 ILIZ W 7€ 17 70 A 32 B 0 A L
M3 HEI 6N HRIEE R, [ RIS ZBHHT IEF A SO Sl B R, PO R A B . P B AR PG



FAESAEE R S RE R TE 202044 A $56% H5280  Chin J Geriatr Orthop Rehabil (Electronic Edition), April 2020, Vol.6, No.2

* 66

=
#
o [ -
LI
T 6
Rs5)
® 2
1 -
0 Blank control ECM ECM+BMSCs

FE: X7 F0% P=0.045, “H#"F % P=0.016 ©@
04 M3 A
0.35 M 6 H
—~ = #
&3 EF — .
1% 0.25
4 02
Z0.15 |
go.s
0.1
0.05
Blank control ECM Normal control )

VE: “H7FRIR P=0.259, “#” 37K P=0.023

X (P<<0.05); & 11
FLEG R X (P>0.05); K 12
ERLEGTFE L (P>0.05)

FE AT LR S I 7 e 04 A (5 PR R A R U i
R 7 SR RN A /N R E XA AR 2 oK
s AR SR I 5 R IR s N3 JEEE bl 2Rk
TR R G A 2 50 R R A 2 R A TR T AR
MBS B DU P 3 UG A 3 100 a7
FEA J5 Bl D7 (1) N I8 75 Bk — D 7t . A A
HA H BRI IEARTAE ., Ui B FCE 1105 5 7 A
5EH BB AR, 1A A 58 AR S, B B 6
HWIEREEE . 1B HRIR A W S 28 he s
BE S PR AL A M S, A B B A K
WE B AMRNS S, B2 X AR E SRR
SR AR SR AH ZUZ AR R AL, B 2 B 2B, 1t
A S/ 2 A B 0 T R TR T v e e g ARIB =T
HILRIL. CHA THBEMAR TARNZSS, H
7 A S B 57 B R B AR R B, 4 L 0 A E )
I3 AL AT I I e T 7R e S G e i B AR s
2B R Y AR, AT BT 45 Rt
17T B A LU, BLHE K ARV 43 « Wakitani Ji 22 7 73 K&
GAG JE & JCH W B A 2 A S50t 70 45 SR AR B B 41
HSCHAREREMEZR, HERAASGITIERE XL
(P<<0.05),CZ46 HHSIEHHENGAG & &K

B NI (3D

14 34 el
=12t Pz |
& 10f *

B 8 ré
N
an
' 6r
g 4
£
7 ‘

0

Blank control ECM ECM+BMSCs

JE: #7405 P=0.020, “H” 37 P=0.046 )

80/ M 3 A

7o I 6 A

60 IEH —

50

40/

30}

20|

10

Blank control ECM Normal control ®

7 FRIR P=0.360
E9~12 Guil2airE. K9 BEHLRMIT Gl a0 45 51 BoR g & SO s 2 ROk ey, el e
BRSO et 10 Wakitani S ERVT 20 45 AT LA DG A5 30 28 1 6 S H AU It B ESR B AT

ER X GAG RN ZE SR PTG S R E R 6 M H AN GAG & B S IEHIE £
R M EE I R 45 R R AR IR S SCARA 6 > T AL I R B IR

B W AR R R L, G5 R 3 22 57,
R A LIA BB . R
ARCLH T E, PREE IR AR5 BE VT B M i RS
BT ITE,

AT FER I, A5 AR R SORIR B A R 7S
JT 4 S RE AT RUB RO HCE 1 07, BA BIEEA
BT IEH R, BRI Z6 M. B
AR BARTT UM ARG B A & T B A
Wi T 45 R AT LI A TRESORAE B HCE 1 47 1 11 R
52 FH SR A T FEAR T -

&2 £ X W
1 Newman, P A. Articular cartilage repair [J]. Am J Sports Med,
1998, 26(2): 309-324.
2 Culvenor AG, @iestad BE, Harvi FH, et al. Prevalence of knee os-

teoarthritis features on magnetic resonance imaging in asymptomat-
ic uninjured adults: a systematic review and meta-analysis [J]. Br J
Sports Med, 2019, 53(20): 1268-1278.

3 Nicola V, Shivappa N, Brendon S, et al. The relationship between
the dietary inflammatory index and prevalence of radiographic
symptomatic osteoarthritis: data from the Osteoarthritis Initiative
[J]. Eur J Nutr, 2019, 58(1): 253-260.

4 R, d T, XV, 2 B T A PR Bl Sa T i



e 67 o

e EE RIS B 48 20204F4 H 6% 520 Chin J Geriatr Orthop Rehabil (Electronic Edition), April 2020, Vol.6, No.2

RATH VBT TERE I [7]. MRIBCE PR 2 e 274, 2017, 38(9): 890-892.
L5 HOUTIRECE 8 & BOR R GE S M RHRTT R S EERE [1].
EHU TR S IR E, 2011, 15(21): 3937-3940.

AR, RZERR. B CR AR AR ()], B LR
7k, 2019, 36(3): 504-510.

AT, v, A, 5. RS A B AR HCE A B AR SC
1 B X B K SR WA (0], R AR AR, 2019, 27
(2): 165-170.

Ali Mohammed Ahmed Khamis, Hatem GS, Eslam Karam Allah
Ramadan, et al. Correction notice to: Arabic translation and valida-
tion of three knee scores, lysholm knee score (LKS), Oxford knee
score (OKS), and international knee documentation committee sub-
jective knee form (IKDC) [J]. SICOT-J, 2019, 5: 27.

WRIBIR, 2808, R RS, 55, IRE TR E R B A REU R T HoE 50
i T2mapping J¥ 51l & & - [J]. W B 2% 2% 3, 2019, 9921):
1651-1655.

SALIR, BBIT, KM, &5, AR HCE g A B TR IR AL U TR
SR A A VEAL (0] b E U AR A, 2019, 23(34): 5436-
5441.

Acharya C, Adesida A, Zajac P, et al. Enhanced chondrocyte prolif-
eration and mesenchymal stromal cells chondrogenesis in coculture
pellets mediate improved cartilage formation [J]. J Cell Physiol,
2012, 227(1): 88-97.

Romain R, Imane D, Mohamed AA, et al. Superhydrophobicity of
composite surfaces created from polymer blends [J]. J Colloid Inter-
face Sci, 2020, 560: 596-605.

Khaled W, Stefan R, Bruhns OT, et al. Ultrasonic strain imaging
and reconstructive elastography for biological tissue [J]. Ultrason-
ics, 2006, 44: €199-¢202.

Jing L, Qian ZH, Wang KY, et al. Non-invasive Quantitative Assess-

ment of Muscle Force Based on Ultrasonic Shear Wave Elastogra-

16

20

21

22

phy [J]. Ultrasound Med Biol, 2019, 45(2): 440-451.
Moran M, Kim HK, Salter RB. Biological resurfacing of full-thick-
ness defects in patellar articular cartilage of the rabbit. Investigation
of autogenous periosteal grafts subjected to continuous passive mo-
tion [J]. J Bone Joint Surg Br, 1992, 74-B(5): 659-667.
Wakitani S, Goto T, Pineda SJ, et al. Mesenchymal cell-based repair
of large, full-thickness defects of articular cartilage [J]. J Bone Joint
Surg Am, 1994, 76(4): 579-592.
Wang YS, Yuan XL, Yu K, et al. Fabrication of nanofibrous micro-
carriers mimicking extracellular matrix for functional microtissue
formation and cartilage regeneration [J]. Biomaterials, 2018, 171:
118-132.
Zhang Y, Liu S, Guo W, et al. Human umbilical cord Wharton's jel-
ly mesenchymal stem cells combined with an acellular cartilage ex-
tracellular matrix scaffold improve cartilage repair compared with
microfracture in a caprine model [J]. Osteoarthritis Cartilage, 2018,
26(7): 954-965.
FESE, KM, 17 A, S8 0 20 N 2 e A B ) S AR K
BN AL H L TR SR IR AT 5 (0], oh E B S AR
£,2018,32(3): 291-297.
Kon E, Filardo G, Martino AD, et al. ACI and MACI [J]. J Knee
Surg, 2012, 25(1): 017-022.
Zheng X, Yang F, Wang S, et al. Fabrication and cell affinity of bio-
mimetic structured PLGA/articular cartilage ECM composite scaf-
fold [J]. J Mater Sci Mater Med, 2011, 22(3): 693-704.
Romain C, Demoor M, Miranda C, et al. Comparison of the chon-
drogenic potential of mesenchymal stem cells derived from bone
marrow and umbilical cord blood intended for cartilage tissue engi-
neering [J]. Stem Cell Rev Rep, 2020, 16(1): 126-143.

QR H 4= 2020-03-06)

(Rt B4L2)

O x@E, RS, F AT A MR IAZSTS L X TR T BTG RR AT AAL B 30w T =AM AN A7 [J/CD]. 4%
FREMHREALETRE, 2020, 6(2): 62-67.



