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The purpose of this study is to investigate the positive effect on rotator cuff repair
by the combination of gelatin hydrogel sheet (GHS) and bone morphogenetic protein 7
(BMP-7). Rotator cuff repair was promoted by the controlled release of BMP-7 using GHS
on the tendon—to—bone insertion. BMP-7 has already been used clinically and is very safe.
This method will bring about shortening of rehabilitation after rotator cuff repair and
it is possible that this method is valuable clinically.
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FAENTE R L RIT T, Efk o
I I TR, VRSN, MZEREpHEIa e &
OMEAEE L TBY, —KAIC basic
fibroblast growth factor (bFGF), bone
morphogenetic protein 12 (BMP-12), BMP-13,
BMP-14, cartilage oligomeric matrix
protein (COMP), connective tissue growth
factor (CTGF), platelet—derived growth
factor-B (PDGF-B), and transforming
growth factor B-1 (TGFB-1)7x KD kEA
TORIAVBENL, ThonEEREICEFS
LCW5. [EFRRE O MOHRAE
HIE L T A R ER %2 iz aren
ITONTWVWDEN, ERIIHE~LY ThH 5.

(3) BMP-7 [XHAE, BRKZ HOMZERR IS A &
NTWA. T8, BUP-7 OFRIEEIER TS
T <, REMINE, BRI T 2 HEhEA R
LB EERNER S TR, 3 BHR
DBEEERTH DB HEAMOBEERIREIZE
INZAER T 5 lREMED 5.
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ERNFEMPEL RLEETH D120, KD
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PR 5.0 OFEYE GHS TIE, HEAMETHDME
KF- 23 L, GHS AorfiRd 2B iR IR 1
DAEYNEEEZHERE LS ERESND. 20
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ZRWT, RERKRT % &R E TR i
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3. MDA

(1) xt%

FEBHFALER KF O @)L CE STz
12 J##5 Sprague—Dawley (SD) male rats
(SHIMIZU Laboratory Supplies Co., Ltd.,
Kyoto, Japan) 33 T 66 j§ & F\7=. AR
XA YL ER KR FOEY ERMGHEEES
DERE L KB ESETIT- 7=,

(2) EZF g ki —hofEl

Swth ¥ 7 F A R4 L (Nitta Gelatin
Co., Osaka, Japan) /Ki&iK % /ESI%, 25%7
JLENLT VT B K (GA) (Wako Pure Chemical
Ltd., Kyoto, Japan) Z¥RiIL, ZEWERIG S
L7 ACTI2KHT 4 v a2 RICERE L
. THAvvanbEIF U, RuliLk
FHIEEL, 0.1M 7'V ¥ R TR GA &R
Wb L OWEE L (S8R, 1 FFfH).

Double-distilled water T 2 [BI¥EiF1%, —80
BECHR L7z, BUREELE L, ethylene oxide
gas sterilization 1T~ 7-.

FHFANZ lemX lem IZHIBI L, WHEFTT
4y o B2, POERL TEBW
Phosphate buffered saline (PBS),
recombinant human BMP-7 (Pepro Tech Inc.,
Rocky Hill, NJ) ZFNF 2001 T2 F
L, 2 FEERE L, +oIcisiRe g S8,

(3) FifiHik

SD rats (22 R 2NLE X — L DG TE
FHZ L > TR RPEEZITV, JHR T CTHliE O
FiizAT o572 BOMG N O%FTITRE) %k
&, Acromion ZZ¢ b U TN 2 BEA L7=. K
bR A RS AT AT N B R A CHURNIZY)
bR U7-. RER O®GHRARRRIX 9 N TRl & iz bR
FEL7Z. 0.5mmBEDO RYLVEy hEEEIRY
JZHEE L, KESHETI OB LA EORRICRE
BEE@BTDHEIICRY Y T E2IT, i
ERIEL, BH»50HInz2RBo =, mWlo
R T RER & e L e W KRS i D1
PNEER D BRI 7 AN ERL L 7= 0. 5mm £
DOBFIZ5-0F A ZEL, Mason-Allen
TEICHE U 7e J5 35 TR 200 70 A 25 50 S e
ELT-. EAR 4-0 A R THAILT.
7 v MItE, SNEEETDT, —T T
O HHZRESZFFAT L, 12 FERE S o AR =
THF L.

(4) BZF g Ralv— MRIGEED
2T (RI gamma scintigraphy)

SD rats 15 Pt 30 J§ & FH\ 7=. Chloramine-T
EIZ X0 B 5e3E (Todin 125) T BMP-7 %
FEEE U 7=, BMP-7 (2. 5ng/ u 1) Z JEIE TR
(2200 1 ¥EAN L7 GEARE n=15) & BMP-T7
AER ST GHS &, MEhES %, Mg
A ERE TR E L7 RE (GHS B n=15) % 1R
L.

it 1, 3, 7, 14, 21T, 7v &~
c3L e H — L ORERENIEEIR 512 L - T
LIS, W B E PR A = A, M
Mok, EReEahn, BHREZEATIREET
£RHL L7-. PACKARD COBRA E5002 Auto—Gamma
Counting Systems (PerkinElmer Japan Co.,
Ltd., Kanagawa, Japan) ZMH\W\T, £ time
point (n=3) T7 v NEBIHIN O BIP-7 &%
Em L.

(5) TRMEREDIERL

SD rats 18 [C 36 j§ & MV 7=. fiid, EAAI
B2 PBS, BMP-7 % JEI& T Bk AL NI 4T 55
THEALE (ZNFhA, BEE £8£n=9). 5
D DB A HE _LITIXFNE 4 PBS,
BMP-7 # Ei2 S ¥/~ GHS B L~ (Fh7F
e, DREE AHEn=9).



(6) Microcomputed tomography (u CT) DaE
i

itz 2, 4, 8T, 7y hEXr b E
A — )L DREEN IR 512 L > TLREI S
-, 8 BAEE DAL A2 = a0, BRI,
R AL, B FE &S ATOIREE TR 7.
BE L7280, 7272612 4% RNV AT VT
b KT 24 K] (4C) BEE L7,

1 CT (micro focus 2D/3D,

ScanXmate—E090S40, Comscantecno Co., Ltd.,
Kanagawa, Japan)Z AW MG 2HR&E L 7.

u CT images IX&E/E 60 kV, FEJE 40 uA T
A¥ ¥ o LT, WgEMAL Y 7 ~ (FanCT ver.
1.3, Comscantecno Co., Ltd., Kanagawa,
Japan) Z VT, ZRITEHER ATV, E
AT > 7 b (TR1/3D-BON Ratoc System
Engineering Co., Ltd.) CE[{E L L7-. FIZ
B 5 Epr B b oA B A7 L=,

(7) AR > 7 DI & Bl52

u CT #t4 s, 7272H1C ethylene diamine
tetraacetic acid(pH 7.5) iR T 12 BHT
THUK L= (FiE) .

H B A (Tissue-Tek VIP5]r.,
Sakura Finetek Japan Co., Ltd., Tokyo,
Japan) ZAWTNRT 7 4 U RESE, @
% — (Tissue-Tek Dispensing console
IVFE X O Tissue-Tek Cryo console, Sakura
Finetek Japan Co., Ltd., Tokyo, Japan)
ZAWCEHMAEZE T L.

&K Microtome (IVS-410, Sakura Seiki
Co., Ltd., Tokyo, Japan) ZMAWT, /X5
T g7 a7 b AR & TR
FEARWT D X Z A 2 CHifge i (4dum J&) &

GILT, FUWRZATA NI T AZEE L.

BEAGIFIC~~ FF U v s =P (HE)

Qeta 24TV, SESEBAMEL ChE-BH 5 5 O
H’ﬂ SR JOMHRSE R 28I L. Tl

IRLTH 7T =00 Beta (T, #EM
@ngfﬂﬁ%ﬁ‘ﬁ%ﬁﬁ?&ﬁﬁ“@ﬁof:. Ide B D JjiE
(The tendon—to—bone maturing score) % i
WC, BB HEEE ORI RN 2 1T
-7z (Table. 1).

FMfiL 2 blinded colleagues TIT—o7-.

Table. 1 The tendon—to—bone maturing score
(Ide J, Kikukawa K, et al. The effect of
a local application of fibroblast growth
factor—2 on tendon—to—bone remodeling in
rats with acute injury and repair of the
supraspinatus tendon. J Shoulder Elbow
Surg 2009; 18: 391-8 /55| f)

1 2 3 4
Cellularity Marked Moderate Mild Minimal
Proportion of fibers 25% > 25-50% 50-75% 75% <
oriented parallel
Proportion of fibers 25% > 25-50% 50-75% 75% <
of large diameter
Vascularity Marked Moderate Mild Minimal
Continuity 25% > 25-50% 50-75% 75% <
Bone ingrowth 25% > 25-50%  50-75% 75% <
Fibrocartilage cells  25% > 25-50%  50-75% 75% <
Tidemark 25% > 25-50% 50-75% 75% <

Percentage was relative values as compared to unoperated control
tendon-to-bone insertion.

(8) WeatFrofEdT

T RTCORERIT TR LR FETERL L
7o, GHS OIRFLBEDFHMIZEE U Tl 4 Bk
FNERE L, iR EBRE R & L
T Ioh & BT IC & - THRERHIEANT L 7=
HLRR SRR (2 BY L CIIRER 3 L Ol 403
A WA ZEN & LT Kruskal Wallis
rank & W\ 2 ZeReE S B HTIC K o THE
SR L7, P.05 A EZEHD & LT
FEEHFHIMRMTICIL SPSS version 20 (SPSS
Inc., Chicago, Illinois) & U 7~.

4. WF7EEE

1) EFF v, FaF i — MrIGED
AT

HENEE L GHS BE O BIF 28T 5 BMP-7
DO EL I LT, ﬁﬁ&mﬁaﬁ THE
&Ew%%wwtﬁﬁiPzamm(m%
H# P<0.001) . #ER & TRtk HE DRI
fé?géfﬁﬁzﬁﬁ %mu&b fiﬁ") 71:_ (Eiﬁfﬁ Xﬁ‘]‘?\’ﬁ El
¥ P = 0.853).

GHS BEMNVEAREL DV 2 TCOINB BB TEE
\ZJE BN BUP-7 DR B E o 7=,

(2) uCT O
RATEBLOFE AT RD 720, uCT 28
B L7z, ETORICBNT, HO R
FILEBDRh -T2,

(3) AEAETFRIFAM

R BT D PR OB T b R A IS A
L7z, itk 2 CIE, ABEERBRE, EWRRK
i A R RO R S R A 2 R D 7.

BRAERCE 1L, Wk 4 BT D REIZRRD =, Tl
% 8T, R CORETIEER A RO TN,
D # T the columnar arrangement of

chondrocytes 23 i &4 7=.

(4) The tendon—to—bone maturing score
The tendon—to—-bone maturing score & A
~DRET, TN LI 21728 1561 41, 10.3
+12ﬁa 12.7+1.2 55, 14%+1.7 5, itk
4N 1517 4, 11E1.7 4, 12.3£1.5
R, 147102 5L, IR 8 MY, 191+4.6

M, 18.3%4.5 4, 16.3%+4.7 i, 23*1
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A, B, C, DD TIL, MRREICHE
72 ERh R A 7= (P<0. 001). — 7, BMP-7 1
FOGHS I EREDRITRO N7z
(BMP-7; P = 0.577) (GHS; P =0.561). BMP-7
& GHS O AH B A HAEH 238D 7= (BMP-7
X GHS; P<0.001) . BMP-7 & fiif4 ¥ DR, GHS
LB IEE DR, BMP-7 & GHS 35 L OMiii4 M
BOMIITAERLZAEERITRD b7z
- 77 (BMP-7 X Week; P = 0.082) (GHS X Week;
P =0.955) (BMP-7 X GHS X Week; P = 0. 549) .

4 BERTTINGRIEE N ESIZ SN T, ik
BEIMFOLNTZ. AREE BREOLERTIZ A B
DFPEHA a7 mfidmnroz. —%, C
BEL DEEDOHBE TIX D BED ST N R a7 8
Hixmnoiz. ﬁ%SL IRBWTIE, A B, C
FEDO R 27 X BT, D HEORaT
mﬁ#mﬁi@m#ot

(5) Htam

AHFZETIE GHS & FV 7= BMP-7 ORI
D IEMAIEE DOIEERD R 2 MRE L 7. ms%%
T, BMP-7 M- HHE AT TR S NS Z &
2K, EAREESEE S L.

BWP-7 IZFRIRCTHEH SN TR Y, et
HEW. ZRDOREEND, RIEE, MR
ZUEERZ ) B T —2 g OEREIZH
DN, SHROBERICBNCHR LD Al
BEMER D B .
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O MK HEHE, BEFFo A FeFfry—
k% F 72 BMP-7 #4000 K 5 R AR s 1 (e
Zhi. 5 28 [0 B AREIE AR 24 2R
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