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Biomechanical testing on tendon bone healing promoted by bone marrow mononuclearcell
Li Ning , Zhang Yilong”® .Li Shuying ,Li Zhihuai

(First Department of Orthopedics ,A [ filiated Hospital of Chengde Medical College ,Chengde, Hebei 067000, China)
Abstract: Objective To explore the effects of autologous bone marrow mononuclearcells, which were transplanted in the tendon
bone interface in reconstruction of anterior cruciate ligament,on enhancing the healing potential. Methods Bilateral anterior cruciate
ligaments of 24 New Zealand rabbits were removed and reconstructed with autogeneic tendons of semitendinosus muscles. The au-
tologous bone marrow mononuclearcells were injected into the bone tunnel of one side of each animal randomly as the experimental
group. The other side was not injected as control. Specimens were collected at 2,4,8,12 weeks after surgery respectively for biome-
chanical test. The maximal pull-out loads and sites of break were recorded. Results The sites of break were all in the bone tunnels
of bilateral tibia in postoperative 2,4 .8 weeks. There were 3 cases of break in tendons and 3 cases of break in bone tunnels in the
experimental group,and there were 1 case of break in tendon and 5 cases of break in bone tunnels in the control group. The differ-
ence of the pull-out loads between the two groups had statistical significance (P<Z0. 05) in postoperative 4,8,12 weeks, while there
was no statistical significance of pull-out loads between the two groups in postoperative 2 weeks. Conclusion Autologous bone
marrow mononuclearcells can enhance the tensile strength of interface of tendon and bone and benefit tendon— bone healing.

Key words: bone marrow transplantation;cruciate ligament;knee joint; tendon-bone healing

i 28 X #) 47 (anterior cruciate ligament, ACL) 115 J5 % 5
O™ TG ANER DT 1R Ak S 1 2 R R OGS R A
13 R PRSI DK1Y 1A TE R 2 A N T R L T T ARAT ACL H
Ao TERSAE Y 0 e B Ty T, AIE 2 L BE O AR OR W AL, R 2
1 g 110 I8 M 4 UL M 5 32 5 5 IO 0 62 1) 3 /0 AR S R AR
B BHIBAEGEYNEAETRE-5&4 M F8-8
S A A m K RS T u\ﬁﬁgﬁlﬁ@%ﬁgﬁgo
e AR A - S B A 3 AR R 2 AT R Y —A o AR
Bt B el e E T EA A ﬁiﬁ"’“‘ﬁ‘i/\ﬁélﬂﬂ@ L,Hu:
= T ThiiE
1 #R5FE

1.1 #H
11,1 SEEEh¥ Krd 24 FUBvE 22 K A e Cl R 8 I 2 e

SEEGE P O R LR BT 2. 0~2.5 kg, P 2. 26 ke, SIIG
AT DU [ 5 5 2 WL T i ) il e 36 B ) 7y g g i 5 4
B . XU R T 2 40 32 TF- R B AL 39 T — 00 e 56 49 1 O S5 4
L X0 A Ay %ok BE A
1.1.2 =
AP AR N T 15 s, B8 A VI R B 3

B2 H il e o )N B BE T A RS ]
AR T A

A @BIRAEE . Tel: 15003141979 ; E-mail : zhangyilong267@126. com,

FEBERE & J 7~10 dL AN 2y 4 J] AT [ A Ry 7K U 1 I 1 38 HE
RREN/ 8

1.2 Fik

12,1 AREFERMZAM AR S oES 3200
I B PG 2 4R W (1 mL/ k) Kt Sl Wy R T, RUA0 A% B R A
EH 0.5 mL JFZE Y 10 mL i 545 - AU S B e il 1B
£ 5 mL, R ATLHE.LE .1 500 r/min 5.0 15 min, B 8] 41
M2 RS A S — A P9I ABE R 5 22 v (PBS) Jig Rk 1 500 1/
min .0 10 min, 7 L35, 7 8 VT 3EFB43. TN A 0.5 mL PBS
TRRCHT B AN MR VR 45

1.2.2 SEE WA d Sy FEIRMORE T  URAR X & &7
?ﬁﬁ,ﬂiﬁﬁﬂﬁm{mlé}}\ﬁt}m FRRESETNERKBRN. 58
HF B LR R BB 1E S ERE AN UL B8 AL 3T S ) KT
JUL i U i Y 4-0 E’Jﬂﬂﬂﬁﬁf/\%ﬁf/d’ﬁﬁ FIER ;28 e LI i
Uit 1F AR 5.0 mm X 3.5 mm X 3. 5 mm /N B % [E] 2 gk
JULREE 3 6] 00 TSR U - B 2 A R A . IR RIE D) A &
ST AN BOUB AL DI W SR BB L T LR Ok AL o A
YIBR ACL., 25 fif 4 i 1 56 &2 Lachman 2055 24 P 28 )5 A 2
mm £ 3k B 2B 2575 09 B T 1A R S SRR R Ok A T



464

838 R AN R BRI A AMIEE 5 .8 ACL |
Ak AL B IR JE S R SN S MU T SR 5 BOUE 3.5 mm
B3k BB TE S E A TR BB B TR GE 5 mm, fi R
HE BRI 5 N L — B i A . AR S S
GIER A — sl i R A 2 i LI JUL R ) 18 i Bl Ah S AR
RN Y- SR TR A R =8 S PN S = =1 L1 a
T 30T B %, BB BB AT B R e . A AT E 5 & Lach-
man (55 FIPE S . R R K o B0 1. SE A S 1
B 3B P T VR T2 I A P 0 A A R S A A e
BWAESSA L@ SRS EIIFEARSEE, LED
SEIT R CY g WE Nl ) N O 12 1 7 N e o7 1 o R
JR B P A O AR B . B 0 R (] A A BUBR
TUEE GH RS, JEFESR 3 d BpER. REE
I A HED.
1.2.3 AYJieEfm FARE 2.4.8.12 4l 6 H st
YA FETM B K O6 T ACL A1 JR) B Bk 2 20 22 B, TR FIR
B 3 em K, w5 IEE w4 B T AW ) 2 B AL
(MTS 858 Mini Bionix) b, i i J7 28 i 91417 09 b 2 . D ik i
H5 15 B i B UL B D A 2 20 R B R 45 4 25 L LA I B
12 - ity e S T B T W 3% L AT e R 7 e S5 U
A% AR UL 1 i1 SR TR0 HU R AR B AL 4% 5 mm/min B B K
BA 5 32 s i i B 7 2 67 B T B A T AR A . RS gt
of G 1) B e UL M P B R TR R B R A% AR AR 1 I
TR Aaf oA P g T R bk o Ak o L IBOCH 4 XA A FL AL
1.3 Gl abs BdERA TL£s £oR R SPSS 17. 0 & it
B AL BB S 07 2R 2 o bl A R A ST RE AR ¢ K 3, P<C0. 05
HEFAGIFE XL,
2 4 7
2.1 RIRWZEEER 24 Hmishysh & b 3R G e 4k A1
PRAS B LG I ACL Mgt oe 8, Horh 4 OS2 58 M i
RS IN LB A% T R 4 T DG T A R R G I P R L
LB AL A DL 20 250 BT i X R i

*1 EETHREA(n)

Pl X HE )
I 1] R
JEdEiE N REEE REEE I REEE
2 6 0 0 6 0 0
4 6 0 0 6 0 0
8 6 0 0 6 0 0
12 3 3 0 5 1 0

®2  ERIRR(E)EE(Ls,N)

R ] CRD S X g2l t P

2 11.784+2.32  11.44=£2.08 0.272 > 0.05
4 21.9743.08  16.29£2.03 3.769 <2 0.05
8 29.974+2.69 21.62£2.02 6.076 < 0.05
12 34.82+2.55 31.3942.51 2.347 < 0.05

2.2 EWIICERIEEA AT SE A RO LA BB ST A AL
R AR S50 B D SR e B i o R T 8 B 0k B
R 1] E 58 BE  FE A7 A s 36 v o 2 S L0 e 00 - SR T )
POARBR L . FEARJS 2.4.8 F . A Al Ry R R TR B B OB

TREF 201252 A% 41 5% 58

AL B B B IR . RS 12 AL R RRIE 1 ) A UL ER
Sy WL 5 B IR B AL s LI A 3 ) B UL T S b 2L
3SBINIE BB L . A S5 3 W 38 R 0L E s 4 IR
HIER I GGR 1D A B E] 0 HE B 92 30 0] G BE 1 47 iz 67
SREEBIE BN ARG 2 A PTALBE 25 5 G125 5 3G ER G
4.8, 12 JR T RL B o R 04 0 45 R s S50 00 B R B 5 S5 X
HEANAH ., 22 52 398 GE T2 3 L (P<T 0. 05) , RIFSE 56 ) it Fiz r
R ORI DLk 2,
5 it

H#i. ACL T #1¢ J7 1R £ . 1 T I8 48 JL UL 3B A4 5 8
B3N B EE AT &E OB JE R I DX T B S ) S I DR R A
%, SR X B R A Y 0 WLRE A1 25 A Y 2 U -
B A X — LY SR R R TR R UL P
AN JRFBER i S K T R 0 Ak ad B, FEAR S R - R
TS T o A b R 5 A PR Y, 0 R A TR
ARG, B 2 = N R R AR AR G R
BITNRIFEERKZARE 8 M7, BHEY S 8B 8 E R
I8 2 3 B2 0] LAAS B R B st A7 S RE R & 45 T L R sk M 6
W TIRE R FER L JIT AU RS AL 1E B OB BUR B0 A R T
ACL (¥ B 3 R A7 LB .

8 R R BT 4 A i A 20 MR R PR AN i 4 i
JRUE R AR AT Y R P e RE R T T A M AR
Lim %5746 G B 1 FH 0 B 86 56 55 T 40 M A 47 4k 2 1 T A A
B B JE g8 LI b ACL, o B 55 52 3600 0 A= 4 0 2 ik
ARG 285 4 MW ZES LSR5 8 JH aF 52 5 M iy
e R AR A7 AT R W S R T X MR B R i R 5T T 400 M
et -4 G MM mE. B8 0a a2 Tt 32X
10° A~ 4 18 000 A A% Al M AA 1 A1 i 56 5T T 41 fid , BD
TR A 20 2 000 A HBERE T T 40 M . Ok ARAR
B Karaoglu 25 By HF 5T S /1% » 35 6F B 56 26 40 18] e A 41 O i
WA RVET 3875 B B A0 0B RV T BE B T BE N T 2 I 1Y
AREAE . D n s B AR 5 3 PR R T T A i v L AR S
T N7 48 R 0 0 R BRI A A B R R
TE T I SR TE L 4R R R O Rk S T AN M SR A AR R BRI Ok 1Y
15 Y AN 2 A ), R T I e X i 1 R AT A, B
I B 1 [ A B )N T 15 s, SR A B R A B S TE IR I 2 4
JEL AT [ A S K P T R AR P ARG HE L DA R T A
i BOAE AN o O e A i O S L BT T O I S
IR 22 o I8 b — 5 I 0] B P4 A 1 26 75T YRR 4 OB P 3 T
T 240 0 B s B B R B T A B 1) 6 Y R R

A T TR I R R A S 0T I Y R T R R
YERIM R0 . Berg 451 76 5 T 1 B 56 19 47 F ACL i i
BRI R, WA EAE T AR T A MEN . Rl
I 7 22 B O T s R 43 B R B 3 6 YT i B o S AT
R T SR LA B B R ARG . s LB AR 4 4 iiF 4T ACL
HAEN,E-g @A R L TR EAKAMHEZT . Demirag
SEUU oo - EBRER 1 HL BT 56 Y T VR P 3 5T 4 0 R 1 G 0 AR
AR 3 Ji - S TR 8 A E S92 G T R v i T e R 1 TR X T
WMAAAEARRE . BT 0k, S50 R T 5 B %1 38 1 3
AT 3 P o ) R 1 o I 8 RIS/ A A PN T o e ] 4
SRR L A BEL BT O T T PR BRI 1 T R AR JT A1 I 3l £ 32 O T I
PRI DAL 9 5 0 B G b AR S R T P T 08 R - R
ST S R A A T O R A A 0

ASLE ARG 48,12 JE 52 5 00 iy R AL T A R R Y

()



TREF201252 A% 41 55 54

T XTI ARJS 12 F L xR L A LR S T 2L 5 4
MR B T8 S s SER AT 3 0 1 LR AT o 3L 3 B AR B
BN . BLWIAE T TR I 5 R T RS - R AT A S
FERRE T30 P s AR BE RS AR A R . SR R OR LA A
JBe 044t i T e gk I R AR R A e R [ S B
JE AT Lk — 25 8 I R op R

S E 3k

[1] X xR PR 55, BB 8 T i 550 5t
TAT R T [ e I g UL e 7 2t s A L) L . v [ 6 OB
SPEF AR R 2005, 13(12) :887-889.

[2] Leung KS,Qin L, Fu LK, et al. A prospective study of
bone to bone repair and bone to tendon healing in patella-
patella tendon complex in rabbits[J]. Clin Biomech,2002,
17(8) :594-602.

[3] Eriksson E. Vascular ingrowth into ACL-grafts[J]. Knee
Surg Sports Traumatol Arthrosc.2008,16(4):341-341.

[4] Nebelung W,Becker R, Urbach D.,et al. Histological find-
ings of tendon-bone healing following anterior cruciate
ligament reconstruction with hamstring grafts[J]. Arch
Orthop Trauma Surg,2003,123(4) ;:158-163.

[5] Hays PL,Kawamura S,Deng XH.,et al. The role of mac-
rophages in early healing of a tendon graft in a bone tun-
nel[J]. ] Bone Joint Surg Am,2008,90(3) :565-579.

(6] ®FF.ZH®, £ .5 LWEH T T3 X#W ARG
FEE T BT o E IR KRR .2005,9(14) ¢ 1-3.

[7] Lim JK,Hui J,Li L,et al. Enhancement of tendon graft

465

osteointegration using mesenchymal stem cells in a rabbit-
model of anterior cruciate ligament reconstruction[ J]. Ar-
throscopy,2004,20(9) :899-910.

[8] Muschler GF,Nitto H, Boehm CA,et al. Age and gender
related changes in the cellularity of human bone marrow
and the prevalence of osteoblastic progenitors[J]. J Or-
thop Res.»2001,19(1):117-125.

[9] Karaoglu S, Celik C, Korkusuz P. The effects of bone
marrow or periosteum on tendon-to-bone tunnel healing
in a rabbit model[ J]. Knee Surg Sports Traumatol Ar-
throsc,2009,17(2):170-178.

[10] Berg EE.Pollard ME, Kang Q. Interarticular bone tunnel
healing[J]. Arthroscopy,2001,17(2) :189-195.

[11] Demirag B, Sarisozen B, Ozer O, et al. Enhancement of
tendon-bone healing of anterior cruciate ligament grafts
by blockage of matrix metalloproteinases[]J]. Bone Joint
Surg Am,2005,87(11):2401-2410.

[12] Tomita F, Yasuda K. Mikami S,et al. Comparisons of in-
traosseous graft healing between the doubled flexor ten-
don graft and the bone-patellar tendon-bone graft in ante-
rior cruciate ligament reconstruction [ J]. Arthroscopy.
2001,17(5) :461-476.

L13] sk e, 2 7 25600, — g il B e m] i S (A TR R T B L
Jig T T 32 A 9 B0, v A R R Y S R
R ,2011,15(7):1295-1299.

USRS H 3 :2011-08-09 & 18] H #:2011-09-22)

Ch#EYs 462 TD)
o ESa ¥

(1] AR5 = 3855, S A P H 5 2 B A7) 20 0 12 B 24 3l 2% LU A
L1 oo R SRR SE . 1994, 11(1) : 4-5.

(2] FraRf, B A KRoO WUB /B T 3545 55 56 8 7
FF I 752 i B 5 LT 0. o I R BRE &2, 2004, 8 (30) : 6620~
6621.

[3] Nagel E,Meyer Z,V ilsendorf A,et al. A ntioxidative vi-
tamins in revention of ischemia/reperfusion injury[ J]. Int
J Vit Nutr Rev,1997,67(5) :298-306.

(4] MG, ke, R R, 45, 5540 MR BRI = 8 16 A0 L
eI/ P A5 v B T AR A AR T LT . I R BRI 2 2 75
2003,19(1) :27-29.

(5] 2, o8 3. & Jm o 2 1 B 0 i dpte ot /79 99 12 468 3 1) 4R
PrERILT]. TR EE2£,2009,38(8) :989-991.

C6] X i o o WL dste i /7948 5 45 L ok o 5 st e (0. S L I
B I R 2% 7 - 2007 ,4(1) - 88-90.

[7] Talukder MA,Kalyanasundaram A.Zhao X,et al. Expres-
sion of SERCA isoform with faster Ca’" transport prop-
erties improves postischemic cardiac function and Ca’"
handling and decreases myocardial infarction[]J]. Am ]
Physiol Heart Circ Physiol,2007,293(4) . H2418-2428.

[8] Gao H,Chen L,Yang HT. Activation of alphalB-adreno-

ceptors alleviates ischemia/reperfusion injury by limita-

tion of mitochondrial Ca’" overload in cardiomyocytes
[J]. Cardiovasc Res,2007,75(3) :584-595.

(9] Al RB. TRIm 2. 458 . 5 A b 28 A b ks 40 i 500 0L
B of/ PR AR A L) ], B PR 4% ,1995,24(3) 1 177-178.

[10] Chandrasekar B, Smith JB, Freeman GL, et al Ischemia-
reperfusion of rat myocardium activates nuclear factor-kB
and induces neutrophil infiltration via lipopolysaccharide-
induced CXC chemokine[ J]. Circculation. 2001,103(18) ;
2296-2302.

[11] Saitoh M, Osanai T,Kamada T.et al. High plasma level of
asymmetric dimethylarginine in patients with acutely exac-
erbate congestive heart failure:role in induction of plasma
nitric oxide level [ J]. Heart Vessels, 2003, 18 (4):177-
182.

[12] 24 3840 3% BETEMLIR A P i/ LT . B4 2
I 2 B 4. 1999,20(3) :103-106.

(137 3 5, 1563 S84 L 45 4 X A st it /P 3 0 46 49 19
XA T B AL A TR 1. o I g B A 3 4% 5, 2002, 18
(2):192-195.

[14] PRARFy 2%k, BRIR . AT 5 G0 WL R I/ 7979 1 463 405 G
AP E R L], [ e 5% 2 B BE 2%, 2004, 16 (9) : 560-
561.

IS H 1 :2011-03-02 &8 H 11 :2011-07-20)



