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cD 0% collagen 0.5% collagen 0.75% collagen
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Group BY(35) Th.Th {mmj) Th.H (n) Th.5p {1/}
ch 2.60+0.86 0.13£0.20 0.21+0.07 1.88+052
0% 10.10+3.24* 0.48+0.01* 2.07+0.37* 0.66%£0.11*

0.5 % 10.34+1 53* 0.49+0.01* 2.12+022* 0.62+0.07*

0.75% 13.09+1 31* 0.63+0.01* 2.09+0.20% 0.53+0.05*

w: 29 F2}9] ControlidF HlW3le] p<0.01 oA FoA AL

Bone volume (%) Th.Th (mm)

15,00 0.0

0,60
0.50

10000
0,40
0,30

5,00 0,20
o.10

IJ% l:dlaga'l 0.5% 0.75% D% r:ullagen 0.5% 0.75%
callagan collagen collagen  collagen

Th.N (n) Th.Sp(1/n)

250 250

2,00 e 2,00

1,50 N 1,50

1.00 L.00

= o
: . ; .

0% callagen 0,55 0, 75% D a4 cullagm 0.75%
collagen collagen ml Izgen collazen

do| A Fo]A F Micro-CTE A}&3te] AAg AT g4 EXU4FA))

o
[1H21] o= S4E

td

Micro-CT/oll Al SHE =o]2 F 45739 HAME =73 (Percent Bone Volume), =47 F7
(Trabecular thickness), &4 <(Trabecular number) % &4 7FZ(Trabecular separation)
o & F A8 93] one-way ANOVA (SPSS version 26)2 A3t 2™, Bonferroni AHHS
ol &3t o4 (P < 0.0DAA F9AdS A5

o U
o 2= %OIQ‘XH o] A B A HAE I, FAT T, TAT F, a7 HEd A F9
Q1 2Fo](P<O.0D7F e, Fekzl s Fo] 2 Aol A= TAHQA Aol = 319:1 0.75% =g}
A 23 oA Aol A A= FAo] o SUteteE BEFS HY
A8 ke SE AMES A4E3] BgS A% § Hematoxylin and eosin (H&E) 9447} Van
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Margin Center

Control

0 % collagen

0.5 % collagen

0.75 % collagenfi

[13823] F= AL Rdoa] Fola F 454 HE&E 92 & %A 8% 3 7H(Scale bar= 400

um), (ob: old bone, nb: new bone, ct: connective tissue, &Al: Osteoblast cell lining).

H&E @49 aul& Aol A Controlaoll A= Al PAdo] 2 #AE A ehg. o2 Al Tl A=
Zol A A FHoR FRAEY oA e Aol(Osteoblast cell lining) 2% AL 714}
2o} FdHtol A AdE Aol AFE. 0.75% Fehal EF Fol A A oA 0% 0.5% Zekal
Fg ZolAAl FRU v B AAAE gA4S BET £ e

o o=a v“Uuaa




Control

ELT LR

| T

[1”24] = AL BAoA] FolA 3 4FA}F| A Van Gieson G & ZZA84 H7}(Scale bar=
1000um), (3MArx: =24& AAH).

e Van Gieson@ A2 Aulg& Al oA Controli-2 TZAE FEOA kA Fetddle] #awy ZFo]2
A o) al ol A= o] A Afolel FEhAdle] FAE S AT 5 A




Center

Control

0 % collagen

0.5 % collagen =Y.

[2=92

5] 9= AL BlolA Fold F 4

Sy A V!
400um), (ob:

=

FaFell A Van Gieson 92 3 ZAs+A 37} (Scale bar=
old bone, nb: new bone, cb: collagen bundle).

Van Gieson €419

Aol Mg AL A ZolA A oAt AAE P ZolA A Alold @
collagen bundleg #&E = AS. 0.75% 4l ¥ Zo|2 A FHOoR & WL
A= AS EAFT F U5

Holl LAHAAA Micro CT<}

0.5% collagen 0.75% collagen

[1§26] F= Z4E =g
2l T 85F2F X-ray #9 Z 3 Control w0l A
= oA A AR A 2 fA

N = D5 Febdl e o 1
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Control 0% collagen 0.5% collagen 0.75% collagen

[Z2827] &

(%3] F= ZAE BdoA =02 & Micro-CTE AF&3te] AAIsH A= JA 241852
Group BW{3) Th.Th {mm) Th.N (n}) Th.Sp {1/n)
cD 10.40+2.06 0.23+0.02 0.45+0.10 1.1440.21
0% 21.43+3.19% 0.13+0.03% 1.7740.37% 0.50+0.07%
0.5% 18.14+2.88% 0.16+0.02% 1.15+0.21% 0.61+0.14%
D.75% 18.03+1.48% 0.1340.02% 1.2740.39% 0.57+0.10%

« F Fabe] Controli# 3} ¥lmale] p<0.01 A 24 32e.

Bone volume (%) Tbh.Th (mm)

25,00 025
20.00 020
15.00 0.15
10.00 nin
5.00 0.05

0.5% 0.75% 0.5% 0.75%

cnllagm collagen  collagen n:nllagen collagen  collagen

Th.N (n) Th.Sp (1n)

200 140
120
150 1m0
0D
o0 Q0
020

0.5% 0.75% ch 0.5% 0.75%

mllagen collagen  collagen mllagen collagen  collagen

[1§128] A= A& HEo A 10]"‘ % Micro-CTE Abgate] A3 s P4 24 6FAh)

e Micro-CTelA SHE =0]2 & 85ate] HAE =53] (Percent Bone Volume), =45 77
(Trabecular thickness), &¥45 4*(Trabecular number) ¥ IT45 7+ (Trabecular separation)
o) o+ 7+ BAL 93] one-way ANOVA (SPSS version 26)2 A}-83t9 2™, Bonferroni A4 HE
o] &3le] FoFFE (P < 0.0DANA #94S #H=3

HNP
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[7929] A= BAE AN Fold F 8RN HE 94 F A3
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Control

0 % collagen

o > o ™
[2H30] = 224E oA Zol4 F 4534 H&E 94 5 =284 % 7H(Scale bar= 400

um), (ob: old bone, nb: new bone, ct: connective tissue).
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Control

>

[19931] = ZAE BdoA Fo]2] & 4FA oA Van Gieson @M & Z28H4 H7H(Scale bar=

1000um), (3H4F3E: =4E AAH).
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Particle size &4

121 A particle size(0.lmm ~ 1.0mm)¥ # % particle AA

- particle YA} ZSA] osteo integration ®JH 3L micro pore XL kS A ofH &
- particle YA} YU FA] 224 HolxH Z &o)x| &

- Z}7] t& partcile size?] E=°] TgE FA + Fo|AAE AH|FEF
G7tu/AY S 73} Test %13

0.2mm~0.3mm

0.3mm-0.5mm

[Z284] particle size™ Fepzl+ Zo] 24 =24 A3
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S8 Fo] 2 Ay

Z

0.75% =z}

Al Test

Al

oF

X0
0

3

ESERE
A4 Test

fol ==

AR BAolA 5

A

stol

=
=

A B4 (37C, saline)oll A 4

A

A Test AR

[}

27

[1E2] AE2eQ

24 Test

A Test AR

A3 W3l Test AR

[Z19H4]




2
Fas [ oAzt | 1AzF | 3Azt | eAzt | 12403 | 2443 | 48413
0.1 100% 0% 0% 0% 0% 0% 0%
0.2 100% 15% 3% 0% 0% 0% 0%
0.3 100% 62% 55% 50% 39% 29% 11%
0.4 100% 64% 60% 54% 43% 31% 14%
0.6 100% 80% 70% 58% 48% 33% 20%
0.8 100% 85% 78% 71% 58% 44% 22%
1.2 100% 93% 88% 82% 67% 57% 30%
1.5 100% 94% 89% 87% 73% 68% 35%
2 100% 95% 90% 88% 75% 73% 42%
3 100% 99% 94% 92% 81% 75% 50%
4 100% 99% 96% 93% 85% 78% 60%
5 100% 100% 98% 95% 88% 81% 70%
6 100% 100% 100% 100% 99% 99% 98%
- FHN 020l 142 o) AA A3 WAL AT & §e Arw ABwos
3 o AREE W4 AAeA fAGEA Aol 5F

AL gaEO, TP
AR

el 443 SR




)

A AZZ O~ FoFi E FAG A
- ZolA A 7lF Tl S1 H7HA FFFE 0.15M A 5ai7kA] F9iste] F3hxlE.
- 7stE Sl oA AES T FHE 238 H 95 54
- Push-pull gauge® 34 33 3.
- 4ol gd o Hg 93 I N) 75,
- Hd 93 Fo drbo] F wizkx] & Vhe & W= WstEs 54
- FEE o 9 WIS 4.
i 31 AL A48 A%
. N A 3 HY = a3 3
TET xZF(mm) | yZ(mm) ) = Gzn g "3 (N)
0.1 8.32 8.18 1.04 3.53 43.15% 10.18
0.2 8.85 8.56 1.37 3.61 42.17% 13.39
0.3 8.72 8.53 2.32 3.63 42.56% 22.69
0.4 10.43 10.31 2.43 3.65 35.40% 23.84
0.6 10.08 9.39 3.36 4.01 42.71% 32.93
0.8 12.27 11.32 2.95 4.36 38.52% 28.94
1.2 11.48 10.65 3.36 4.80 45.07% 32.90
1.5 12.88 12.60 3.06 5.36 42.54% 30.01
2 13.15 13.03 3.45 6.42 49.27% 33.80
3 16.50 14.90 3.55 9.45 63.42% 34.75
4 17.43 17.03 2.63 10.58 62.13% 25.74
5 18.51 18.11 1.89 11.15 61.57% 18.52
6 19.10 18.47 1.33 12.10 65.51% 13.08
- & st np AR T 0.2 oldtell A= Push-pull gaugeollA 71t 3] 20N o] st
AN B Mol dojwkom, FHE 5 oA E 20N olate] Fox WFPo] HE= AS

LB A HHA AY
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Group B Group C

[Z21933] L929 M E2] neutral red 92] ARz
AEEY B7HE 9% AL control(= §F W), 4 2T, P W2, FolAA, Lo~
L 0.75% =ehAll 229k Fol AR AR,
zolA A o] AEHFE Frtsty] flel §E NS AREste]l 24 dEa B A dEL2 0.1 g/ml,
Group A, B, CX 0.2 g/ml 7|02 37°C. 5% CO, o\Fuo|Elo] A 24 A|7HESF £2519 L
A g Z T A9 neutral red7} GAE A 922 A E(dead cell)7} FEE 0 0H, Grou
o &7} controld H|AEIIS w] xpo]E HolH] &otr)o] MEE=Ao] gleo FHelatg]
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A 2o x3 BolAASe o YAl k54 Bt
In vivo %Y 27T £Us WERA WSRO + Zeplo] ©AlE 2ol Alxfo] rhBMP-25
2 X171 & phosphate-buffered saline (PBS)S #A7tstof PBS &eio %

enzyme-linked immunosorbent assay (ELISA) ¥lH& &850 HAEs519 L.

fu
of
i
i
)
=
v}
=
o
0
19
2
to o

000
—— (elluloze

== (Cellulose + collagen
30~

20HM) =

101004

Released rhBMP-2 amount (pg/ml)

Day

[2834] rhBMP-2 ELISA Zi} Jej=

AeZ2 o~ D A2 o ~+FeAS E3stE Zo| 2 A BF 1dxte] rhBMP-2 W3 o] o],
7

el X3 w58 oA T 2 7Nk ARG Hot

A= FlE A E(rat calvarial defect modeDoll Al Al=tel Fepzl 2 AEZZ 0 ~A A4
A 3 FEE TolAAE o4 F 3 Bl 65kl AR Bl 2284 HALE Fall A A
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373 2 B2 2
Megative control b . MNegative control | 5
Cellulose only Y Cellulose only | h
Celluloze + rhBMP-2 b Cellulose + thBMP-2 | 5
.Ce]lulcnse + collagen B Celluloze + collagen | LiT
Cellulose + thBMP-2 b Cellulozse + rhBMP-2 | b
+ collagen | + collagen

AFTE F 10002 3FAA A 54 d2T (n=h), AEZ e~ XF Zo| A (n=hH), EZEL
22 23 Zo] A A+ rhBMP-2 (n=5), A& 222~ 9 0.75% Zeh2l X3 o] A4 (n=5), AEZQ
2 2 0.75% F2 L3 Zol A A+ rhBMP-2 (n=5), 653l M &4 T (n=5), AEZ e~
X5 FolAA (n=5), AER -~ X Fo|AA+rhBMP-2 (n=5), &2~ 2 0.75% &7l
E3 ZolAA (n=5), AERS 2~ B 0.75% Zehzl £ ZolA A+ rhBMP-2 (n=5)2 +43
H7pEH e 3 2 65kl tetAtste] A2 MERE X-ray2 9 ¥ Micro CT, 24384 H7H&
AAEE

Cellulose only Cellulose + rhBMP-2

Cellulose + collag-en Ceflulose + rh E- P-2+ collagen

[2933] A= FAZAE f 2 2ol AA o4,

b

Zo] Az o] Al BE Fo]& H"ﬂ/ﬂ HN} o] Saxo] o] A F9Jo o] FX|Fo] Holwks
#9313, 10% T 22 2 AIA Micro CT<}




Cellulose + Cellulose + rhEMP-2 +
Control Cellulose only rhBMP-2 Cellulose + collagen collagen

[(1¥34] F= =24E BdoA 8 353 X-ray 29 A
TolA] F 3577} X-ray 29 A%} RTIAE BAE o] WAE FAo] A9 nolA BE. B
o)A w5 Azl A ol A Azk Aol & FANT Yor], AL AANARE AAE
Qo] Nt AL NG 5 31&. FolAA+rhBMP-2 A2 FolAE ol Al T Azl ol e
N P40l Wity FAMo] Aol dad AL el
Cellulosa + Cellulose + rhBMP-2 +
Control Callulosa only rhBMP-2  Callulose + collagen collagen

(

[2935] A= =

-l

b

oA ¥ 352 Micro-CT #

o
of,
N
-

[35] A= =Z24E BdoA Fold & Micro-CTE Ab&ate] A3 A= P4 4 GEFAh

Group B[] Th.N [n] Th.5p[1/n)

D 2.88+0977 0.15+0.045 141+0.134
Cellulose 20.74+2.678* 1.5940.247* 0.72+0.067*
Cellulose+rhBMP-2 43.15+2.077* 1.50+0.035* 0.63+0.018*
Cellulose+collagen 18.50+1.583* 169+0.254* 073+0.117*
CE”;E;T;:EE'HW' 387137+2559*  158+0.089*  0.66+0.035*

LB FA Y vaste] p<0.01 FEAA F14 A




Bone volume (%) Th.N (n)

s0.00 4 -'—I 380
asn

4000 + -| 20 A
5.00 -

3000 Ly 150
500 - :

n00 - L 100
1500 -

1000 - 050

500 4

€ [ Cal+ ENFP Col+ Lod  Caf + ENP<Lal Les] Tl Cal + EMPP Cel+ Dol Cel+ ENP+D

Th.Sp (1/n)

1B
Len
140
120
1oa
UL
060
nan
020

CD: Control group

Cel: Cellulose only

Cal+BMP: Cellulose + rhBMP-2

Cel+Col: Cellulose + collagen

Cel+BMP+Col: Cellulose + rhBMP-2 + collagen

5] al Cal # BT Cal#+ Cal O+ EMP+Cal
[29135] 9= BAE wLoA Zol4 F Micro-CTE AHgate] AAF 242 44 24EFA

##: T 9] H]WA] p<0.01 FFoA A Fo0A AL,

Micro-CTZell A A ®E Fol4 & 45732 HAE FH3(Percent Bone Volume), HFA4F
(Trabecular number) % F4AF 7FZA(Trabecular separation)® i+ I+ 2412 €8] one-way
ANOVA (SPSS version 26)5 AF&3t9 2™, Bonferroni A4WS o] &3] 9 (P < 0.01)

AM Fode ASE.

2Ty Zo]2 A o] EFA HAE ZHI, FLF F, FoLF HF0dA FHQd Ao
(P<O.0D7F A S, B3F Zol2x] +rhBMP-

oA Foldel 2e](P<0.01)7F U

[e)

o .
ZZs+A HrLE 9] A Hematoxylin and eosin (H&E) €923} Van

W = e
Gieson @Aato] Auj& 3 aufgolr Z2EFNA 9] A s B2EF
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AL BAY 5 9. Fol A+ rhBMP-2 Aol

::5-75‘;’\ 737411'?—1?—‘31 ARE FAo] BEEY 2AE T4 FHAM 2 7 AAE] d4E A

il




Margin Center

Control group 5

Cellulose only

Cellulose+
rhBMP-2

Cellulose +
collagen

Cellulose +
rhBMP-2 +
collagen

[2H37] A= 224E BdolA Zol4 F 354 H&E 94 5 =284 % 7k(Scale bar= 200

um), (ob: old bone, nb: new bone, ct: connective tissue).

H&E @A) au& ApRlell Atz e A P40 2 BEHA 5. oA &= o4
o]

i
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] FolA A gEte) e H& WER
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Control group

Pl 0

Cellulose only

[1738] A= =4+

A

" 4

do| A ZFolal & 3Fx}o] A Masson' s trichrome

H7HScale bar= 1000um), (83 =4 FAF).

Masson' s trichrome @2} 2] A uj& AFZo|A 2t A& FiEoA oF
| A

o147 ol TN E o] N A Apole] Fekal B AT o
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Margin Center

Cellulose +
BMP-2

Cellulose +
collagen

Cellulose +
BMP-2 +
collagen

[2339] = FAE BdoA] Fol]2] T 353o|A Masson's trichrome @4 & 27 8H3

3 7HScale bar= 200um), (ob: old bone, nb: new bone).

>

& Ao ol A A B oA @ o] A4+ rhBMP-2 A 2]
oA oA BAE AAR W AL TRl AT W0l HRHY rBMP-2 ATl A O 4%
2 A4e BAT 5 A

62toll retAbste] A A F $ X-rayE FG3IGAL 10% 54 224 1A A Micro CTe}
2]




Control

Cellulose only

Cellulose + BMP-2

Cellulosa + collagen

Cellulese + BMP-2 +

collagen

[2340] A= 4% 2ZdolX o 354 X-ray & AR

Cellulese only

[
|
i
b
td

[2841] &

Cellulose + EMP-2

=0l ¥ 652 X-ray %9 A3 Control wollA = HAE Fitof
. Zo|A A @5 A= Zol A A 7E AlAtE el 2

2AAE FAo] He s g1l & A, =] A+ rhBMP-2 A

of wla) A= Aol HoAu =A o] A gkmd A I3

Cellulose + collagen

Aol A ¥ 352 Micro-CT

SEE

ol g

3
AEH AN

Cellulose + BMP-2 +
collagen

37t

[%6] 9= ZFAE 2doA Fo]d T Micro-CTE AFE3te] A% AT A 24
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