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Local administration of autologous synovium—derived cells improve the structural
properties of anterior cruciate |igament autograft reconstruction in sheep
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Background: It is well known that the structural properties of a tendon autograft
deteriorate during the remodeling phase after anterior cruciate ligament (ACL)
reconstruction.

Hypothesis: A local application of autologous synovium—derived cells cultured in
TGF-betal-supplemented mediummay inhibit the deterioration of structural properties
of the tendon graft after ACL reconstruction.

Study Design: Controlled laboratory study

Methods: Fifty—two mature sheep were used in this study. In each animal, the right
knee underwent ACL reconstruction using the semitendinosus tendon autograft. Then,
the animals were divided into 5 groups of 10 sheep each. No additional treatments
were applied in Group 1, while fibrin sealant was applied around the graft in Group
2. In Group 3, autologous synovium—derived cells cultured in standard medium were
applied around the graft with fibrin sealant, while autologous synovium—derived cells
cultured in TGF-betal-supplemented medium were applied with fibrin sealant in Group
4. InGroup 5, fibrin sealant containing 20—ng TGF-betal was applied around the graft.
Each animal was sacrificed at 12 weeks after the surgery. In each group, 7 and 3 sheep
were used for biomechanical and histological evaluations, respectively. The



remaining two sheep were used to confirm whether the applied cells infiltrated into
the graft at 1 week after surgery.

Results: Confocal microscope observations showed that the applied cells that were
labeled before implantation infiltrated into the superficial portion of the graft
at 1 week. Biomechanically, the maximum load and the stiffness of Groups 4 and 5 were
significantly greater than those of Groups 1, 2, and 3. Histologically, necrotic
lesions were observed in the core portion of the midsubstance in Groups 1 and 2. In
Groups 3, 4, and 5, we could not find any necrotic lesions in the midsubstance.
Conclusions: A local application of autologous synovium—derived cells cultured in
TGF-betal-supplemented medium, or fibrin sealant containing TGF-betal,
significantly inhibit the natural deterioration of the structural properties of the

tendon graft after ACL reconstruction.

SRR
(ERHNL - 1)
B Y e 2 o gt
200 9F% 1, 400, 000 420, 000 1, 820, 000
201 0% 1, 000, 000 300, 000 1, 300, 000
201 14 1, 100, 000 330, 000 1, 430, 000
o 3, 500, 000 1, 050, 000 4, 550, 000

WFIE0 55« A pEik

FHRE D5 R - M © AFIE LY - ERAKRLS - EERME
F—U— N ARREIE, TRRR. B, B, PR T

1. WFZEBIE Y DY =

UTAE, M - BIEERR OB E A RET S 2 L &
HEE L CTHix OAMFENTIEZIGHL, <
Y AEAESEE NAWIZHIET 5 2 &%
B LR ETFIEORBRARALA LN TN D
B, WELICAEDRIBETIEOMNIZE > T
WU, iFEE ST 2 E TOME T, ] -
BT 5 in situ B AR BRLERYE 20k H
IZER L, BB OARE TH D NIENERESE
i 2 IR IS B0 X B - #AR L B R
FET VAR L, e W OB
EH B X O RIE N HILT 5 i
FHOMNILTE R, ZORREERE X T,
WF7e O3 D B RS b 2 N AR
(ZHET 2 AF5EICE T L. £ TGF-betal,
e E OB FRIEMER A DO RFE G D FERAF
BMEET VO~ ) 7 AFEE~E 25
SR Z et L7265 R, TGF-betal #&H213~ b
U 7 2D B & i b BEE CIHT 5
ZEEHALMMT L, LAl TGF-betal @
BB N E BB G- X B OB 2 TS5
AREMEN B D T2, F DRI 5 515D
HNEH ThH-oT-, + 2 THFFRE IR TR 17
RIS (U 0 ofiBhz=Zi. F
HRoin situ BAELEEEIETE T VISR L T
TGF-betal THRIF(L U 7= 815 A ks hl
AT, AL DN ORI IR 2 (e L
FRLCEIEIT A Z A LMNT LT, L

L. BRI % B3 2 OF G R

FERSEDTOITIE. FRE W ERO L
TEA+FGTH D, B RO 8 C
1T, AME~DOISH 2R U= a5k
TEERIFILEEZHNDL ORI TH 5,
Z ZTAEL RCEE AWERRIIZIT 2 b T
W5 R (ACL) PRl 2 A3 5 &7
AR L, IRICER in situ HAS LB
EF LTI LTS TGF-betal CTIRIE(L L
TR SRR Z DT VI 2
LNBEARFRIAT LD L) BENE LN,

2. WO HB

BEE V. BRREZAT e b TV BT+
BRI 2T AT L EBE L, T O
H SRR & AR )R & 2T 5, Ex
vivo IZ8B T TGF-betal Z N 2 7= E5H TS %
L7- B H RS MR E2 ERR 0T Vv OBAH
fEEFEIC e L, Z4Lhs in vivo TEAEED
~ NV AEREERGE A5 2 09 F & LK
TR, BLOG AW TFRIICH BT L,
ER O AEK TR O & S R e o BRI
HIZ8 b & it i35,

3. WAk

Ex vivo IZ8 T TGF-betal Z Nz 7=55HLC
Bea& L= kimiila z Lo 7 v 0
BAERER I 5 L, £ in vivo THBAH



D~ bV 7 AFEEBG~5 2 505 %
AR, IR E B L OV 4D
FENTH BT L, BRI FR L OREETW
FEPE DORRIFI AL & PRkt PR L 72,
ARENSEERIL, LB KRB E A R
W ERZE S OKRO T, FFFEREY
FERHIFNCHI > TITbn Tz, MRS 7 4 —
7 FE 52 BHZ Wz, ARRICx L TiRikd %
ACL R A ATV, 10 BHTDLL T D 5 BRI /01T
oo LEBETI b &5 Ligho 72, 2 BETIZ,
FoMilkZ fibrin 2485 L7, 3BT, AR
MOERR U728 SMid 2 fibrin (2a3
L#EH L7, 4BETIX. TGF-beta ALFLEGFHE A
KA % 5 L7, 5 FETlE. TCF-betal
% fibrin LIRA LEBHEREICE S Lz, &8
LBt 12 I 10 A B LT, THAY
JIFRRHmC 3 3R A ARk OBl s (HE Yufh)
WL 72, Y o 2 I, BEEMaE T
Itk 3 EEL R CALE 21TV, fiitk LI TED
AR AR LT,

B E S
1) ACL DEX1Z, 1 &2 19.1+2.9mm, 2 Bf
2 19.6+1. Imm, 3 FEAS 20. 2+ 1. 3mm, 4 FEN
20. 0= 1. 3mm 3 L OV 5 #EAS 20. 3= 1. Omm TH
o7z, WAL, 1 BE2Y 26. 719, 4mm?, 2 Bf
2% 32. 06, lmm?, 3 EEZS 26. 5+8. 5bmm®, 4 B
23 27.7+6. Imm®> I LN 5 BEAS 26. 5+ 5. 6mm’
ThHolz, ACL OF B L OWrmfEizks VT,
BREMICH B2 mubf)QE}’bfiﬁ)oﬁo
2) R 60f“ BT D IERIREMFENEICB L
TIZ 1 EEAY 9. 312, 2mm, 2 BE2S 8. 1 1. Omm,
3HENN 7. 73, lmm, 4ﬁﬁﬂi8+17mn:ki
N5 BEA 8.5+0. 8mm & B REMICAH BEZITR
b%ﬂ&wokwmﬁmﬁmfi4ﬁﬂlﬁ
LV HEBEIZEMETH- T2,
3) Bl o8k BRI 1T DA bR T 265
B Th o7z, RARMEWHTEICE L TiX
1 BE1T 301 146N, 2 BE)T 211 141N | 3 BEIZ
216175N, 4 FElIT 493+181IN B LY 5 BEIZ
572 152N TH Y, 4B IO BEIT 1 RE, 2
BB LW 3 %iktl:f\fﬁi? EfEE R LT
(p<0. 05), FRIEMMPEIZBELTH, 4 HB LD
SRET I BE 2HEBLUOSHLLRTHER
Bl AR L= (p<0.05), AW ONZEI LT
l‘i\ %ﬁ?ﬁﬁa:ﬁ%\. ntu&b%ﬂff:ﬁ)’)f_o
4)@%#%Wﬁfilﬁkiozﬁfi%
i fe P R L R A AR S B BR ST, 3 BEL
4 FER XUV 5 BECIT MRS R RE £ TR L
TEY ., EFICEWBERRHEORL R 27~ LT
AWFEIX TGF-betal ALEREEZE B Z21 I kg
HBE 2SR HE I O B = Il 5 2 &
ZR OGN LT, ZORRIE. THRER %
Ex vivo TH 2 7= HliR ) Z2 AV 2 M iasEiE D3
il O BAEIE R IC A FE R IR E 5220
FaRE D 1Al Fik e LTHETH
L AREME & R Lz,

5. FRIEmCE

(WFgERFEHE . I3 R OSBRI 5 1

(EN 7

1.

GEEamsC) (B 41 1)

Kondo E, Yasuda K, Katsura T,
Hayashi R, Kotani Y, Tohyama H.
Biomechanical and histological
evaluations of the doubled
semitendinosus tendon autograft after
anterior cruciate ligament
reconstruction in sheep. Am J Sports
Med 40(2):315-24,2012 & &t A
DOI:10.1177/0363546511426417
Yasuda K, Kondo E, Kitamura N,
Kawaguchi Y, Kai S, Tanabe Y. A pilot
study of anatomic double-bundle
anterior cruciate ligament
reconstruction with ligament remnant
tissue  preservation.  Arthroscopy
28(3):343-53,2012 @ A
DOI:10.1016/j.arthro.2011.08.305
Kondo E, Yasuda K, Katsura T,
Hayashi R, Azuma C, Tohyama H.
Local administration of autologous
synovium-derived cells improve the
structural properties of anterior
cruciate ligament autograft
reconstruction in sheep. Am J Sports
Med 39(5):999-1007,2011 % &t A
DOI:10.1177/0363546510390424
Kondo E, Merican AM, Yasuda K,
Amis AA. Biomechanical comparison
of anatomic double-bundle, anatomic
single-bundle, and nonanatomic
single-bundle anterior cruciate
ligament reconstructions. Am J Sports
Med39(2):279-88,2011 & & A
DOI:10.1177/0363546510392350
Kitayama S, Onodera S, Kondo E,
Kobayashi T, Miyatake S, Kitamura N,
Tohyama H, Yasuda K. Deficiency of
macrophage  migration inhibitory
factor gene delays healing of the
medial collateral ligament: a
biomechanical and biological study. J
Biomech 44(3):494-500,2011 # &t A
DOI: 10.1016/j.jbiomech.2010.09.018
Kawaguchi Y, Kondo E, Kitamura N,
Kai S, Inoue M, Yasuda K.
Comparisons of femoral tunnel
enlargement in 169 patients between
single-bundle and anatomic
double-bundle anterior cruciate
ligament reconstructions with
hamstring tendon grafts. Knee Surg
Sports Traumatol Arthrosc




10.

11.

12.

13.

19(8):1249-57,2011 B A
DOI:10.1007/s00167-011-1455-7

Tohyama H, Kondo E, Hayashi R,
Kitamura N, Yasuda K. Gender-based
differences in outcome after anatomic
double-bundle anterior cruciate
ligament reconstruction with
hamstring tendon autografts, Am J
Sports Med 39(9):1849-57,2011 & &t 7
DOI:10.1177/0363546511408864

Miyatake S, Kondo E, Tohyama H,
Kitamura N, Yasuda K. Biomechanical
evaluation of a novel application of a
fixation device for bone-tendon-bone

graft (EndoButton CL BTB) to
soft-tissue  grafts in  anatomic
double-bundle anterior cruciate

ligament reconstruction. Arthroscopy
26(9):1226-32,2010 = 3 A
DOI:10.1016/j.arthro.2010.01.007

Yasuda K, Tanabe Y, Kondo E,
Kitamura N, Tohyama H. Anatomic
double-bundle anterior cruciate
ligament reconstruction. Arthroscopy
26(9 Suppl):S21-34,2010 #& & A
DOI:10.1016/j.arthro.2010.03.014

Kondo E, Merican AM, Yasuda K,
Amis AA. Biomechanical comparisons
of knee stability after anterior cruciate
ligament reconstruction between 2
clinically available transtibial
procedures: anatomic double bundle
versus single bundle. Am J Sports
Med 38(7):1349-58,2010 # &t A
DOI:10.1177/0363546510361234

Inoue M, Tokuyasu S, Kuwahara S,
Yasojima N, Kasahara Y, Kondo E,
Onodera S, Yasuda K. Tunnel location
in transparent 3-dimensional CT in
anatomic  double-bundle  anterior
cruciate ligament reconstruction with
the trans-tibial tunnel technique.
Knee Surg Sports Traumatol Arthrosc
18(9):1176-83,2010 = @ A
DOI:10.1007/s00167-009-0989-4

Yasuda K, Kitamura N, Kondo E,
Hayashi R, Inoue M. One-stage
anatomic double-bundle anterior and
posterior cruciate ligament
reconstruction using the autogenous
hamstring tendons. Knee Surg Sports
Traumatol Arthrosc 17(7):800-5,2009
= e A
DOI:10.1007/s00167-009-0800-6

Kawabata H, Katsura T, Kondo E,
Kitamura N, Miyatake S, Tanabe Y,
Setoguchi T, Komiya S, Yasuda K.

1

(=

Stress deprivation from the patellar
tendon induces apoptosis of fibroblasts
in Vivo with activation of
mitogen-activated protein kinases. J
Biomech 42(15):2611-5,2009 # &t A
DOI:10.1016/j.jbiomech.2009.07.027

2FEFR] (G120 14)

Kondo E, Merican AM, Yasuda K,
Amis AA. Biomechanical comparisons
of knee stability after anatomic
double-bundle ACL reconstruction
between 2 clinically available surgical
techniques: trans-tibial versus
trans-portal procedures. The 58th
Annual Meeting of the Orthopaedic
Research Society (ORS), Moscone
West  Convention  Center, San
Francisco, California, USA, February
4-7,2012

Kondo E, Tohyama H, Yasuda K.
Biomechanical and histological
evaluations of the doubled
semitendinosus tendon autograft after
ACL reconstruction in Sheep. The
ACL Study Group Meeting 2012 Hotel
Terra, Jackson Hole, Wyoming, USA,
February 12-16, 2012

Kondo E, Merican AM, Yasuda K,
Amis AA. Biomechanical analysis of
partial tears of anteromedial and
posterolateral bundles of the anterior
cruciate ligament. The 57th Annual
Meeting of the Orthopaedic Research
Society (ORS), The Long Beach
Convention Center, Long Beach,
California, USA, January 13-16, 2011
Kondo E: Graft preparation for
anatomic double-bundle ACL
reconstruction. ACL Double-bundle
Reconstruction Course. University
Malaya Medical Centre, Kuala
Lumpur, Malaysia, August 12-13,
2010

Kondo E: Biomechanics of anatomic
double-bundle ACL reconstruction.
ACL Double-bundle Reconstruction
Course. University Malaya Medical
Centre, Kuala Lumpur, Malaysia,
August 12-13, 2010

Kondo E: Evidence-based outcome of

anatomic double-bundle ACL
reconstruction. ACL Double-bundle
Reconstruction Course. University
Malaya Medical Centre, Kuala
Lumpur, Malaysia, August 12-13,
2010



10.

11.

12.

13.

Kondo E: Evidence-based outcome of
anatomic double-bundle ACL
reconstruction. ACL. The 54th Annual

Fall Congress of the Korean
Orthopaedic  Association. Grand
Hilton Hotel, Seoul, Korea, October
14-16, 2010

Kondo E, Merican A, Yasuda K, Amis
A. Biomechanical evaluation of

anatomic double-bundle ACL
reconstruction using the Anatomic
ACL Guide System: comparisons

among 3 different procedures. The
ACL Study Group Meeting 2010.
February 20-26, 2010, The LeMeridien
Beach Resort in Phuket, Phuket,
Thailand

Kondo E, Merican AM, Yasuda K,
Amis, AA. Biomechanical evaluation
of anatomic double-bundle anterior
cruciate ligament reconstruction using

the anatomic ACL guide system:
comparisons among 3 different
procedures. The 56th  Annual
Meeting of Orthopaedic Research
Society (ORS), New Orlends,

Louisiana, USA. March 6-9, 2010
Kondo E, Merican AM, Yasuda K,
Amis, AA. Biomechanical evaluation
of anatomic double-bundle anterior
cruciate ligament reconstruction using
the anatomic ACL guide system:
Comparisons among 3 different
procedures. The 14th  Eurorean
Society of Sports Traumatology,
Knee Surgery and Arthroscopy
(ESSKA) Congress, Oslo Spektrum
and Radisson Blue Plaza Hotel, Oslo,
Norway, June 9-12,2010

Kondo E, Merican AM, Yasuda K,
Amis, AA. Biomechanical evaluation
of double-bundle anterior cruciate
ligament reconstruction: Comparisons
among 3 different procedures. 6th
World Congress of Biomechanics,
Singapore, Singapore Suntec
Convention Centre, August 1-6,2010
Kondo E, Yasuda K.Technical
Considerations in Double Bundle ACL
Reconstruction: Trans-tibial
Technique. The Tth Biennial
International Society of Arthroscopy,
Knee Surgery and Orthopaedic Sports
Medicine (ISAKOS) Congress, Osaka,
Japan, April 5-9, 2009

Kondo E: Technical considerations in
double bundle ACL reconstruction:

14.

15.

16.

17.

18.

Trans-tibial technique. The Combined
Meeting of 39th Malaysian
Orthopaedic Association AGM/Annual
Scientific Meeting and WENMISS
2009, Kota Kinabalu, Sabah, Malaysia,
May 21-23, 2009

Kondo E: Graft preparation and
fixation in anatomic double-bundle
ACL reconstruction. The biomechanics
and the procedure. The Combined
Meeting of 39th Malaysian
Orthopaedic Association AGM/Annual
Scientific Meeting and WENMISS
2009, Kota Kinabalu, Sabah, Malaysia,
May 21-23, 2009

Kondo E, Ishikawa T, Fujiki H,
Daimaruya M, Onodera S, Yasuda K.
The influence of genetic ablation of
macrophage  migration inhibitory
factor on healing of the Achilles’
tendon: a biomechanical study. The 9th
International symposium on
ligaments & tendon, Las Vegas, NV,
USA, February 21,2009

Kondo E, Merican A, Yasuda K, Amis
A Biomechanical comparisons
between clinically available anatomic
double-bundle and  single-bundle
procedures for anterior cruciate
ligament reconstruction, The 55th
Annual Meeting of the Orthopaedic
Research Society (ORS), The Venetian
Hotel Resort Casino/Sands Expo
Convention Center, Las Vegas, Nevada
February 22-25,2009

Kondo E, Hayashi R, Katsura T,
Kitamura N, Miyatake S, Arakaki K,
Onodera S, Tohyama H, Yasuda K.
Effects of application of synovial
fibroblasts on properties of the graft
after ACL reconstruction. The 76th
Annual Meeting of the American
Academy of Orthopaedic Surgeons
(AAOS) The Venetian Hotel Resort
Casino/Sands Expo Convention Center,
Las Vegas, Nevada February
25-28,2009

Kondo E, Hayashi R, Katsura T,
Azuma C, Tohyama H, Yasuda K.
Local administration of
synovium-derived fibroblasts cultured
in TGF-betal-supplemented medium
inhibits natural reduction of the
structural properties of the tendon
autograft after ACL reconstruction: A
sheep model study. The 7th Biennial
International Society of Arthroscopy,




Knee Surgery and Orthopaedic
Sports Medicine (ISAKOS) Congress,
Osaka, Japan, April 5-9, 2009

6. AFFERHRE

(D) WFgefs

IriE ¥ew) (EIJI KONDO)

ALHFIE R « REFPLEFIIGERL - SRR
W55 %5 : 60374724

(2) Wrge sz

Z2H  Fnfl] (YASUDA KAZUNORI)
eEE K « KRBT TER - H%
WF7e&3 5 20166507

/NP B (ONODERA SHIN)
ABHRE R « KB IR « % BUEHR
WFgeE 25 1 00359481

ek 12 A (KITAMURA NOBUTO)
ALHEE K« RFPREFHFZER: - AT
WFgeE 35 - 80447044

(3) ELEEMF I E
2L ( )



