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1.1 TIHRA

e ITHEE A T 59 5== Z-8(Bone Marrow Aspirate Concentrate Application for
Knee Osteoarthritis)= International Cartilage Regeration & Joint Preservation Society (ICRS) 3 ~ 4
E*= Kellgren-Lawrence Classification of Osteoarthritis (KL) 1 ~ 4 539 5 Z@d Y A& Ao
2 2R AE5olA AR A 20 9 BY6k 55E =5 E7IAZE 1871] 1A FA|E ©]8-5t
524 B9 AW FARHAY rlMlEd e Al ATNEE B A7 AF 240 AA SR, HH Fejo] 2
d 5 5= 14sto] A= AN E FH5 AUE 9 EHEES &=, o5 A53% 9
Ale|g7]eg7te] et 2] A3Z9| 4ol wet ‘AvtEQA AAHS o] &t 2EY 5 EVIME A=
<'olgh= HAL R 202249 11¢ 1690 AU, 4943 AA7e] 542 =] fstd] 71&9
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1.1.

—

el 54 Y FED|

MHA

S8 A(osteoarthritis, ©]5F OA)2 E|YA HE &3 degenerative joint disease, DJD)°|2tE sl=t],
AA13] 2135kt TH(synovial joint) O E2A], I AZ0] 421 why, QI B 9] HFARES:
0O Qg Z=Hosteophyte) BAT} A=ZstE(subchondral bone) A3}, thoFst A o] vt J= &9t
H|Z 727 Qld, vFAZ ¥ meniscus) 5 FH 22]9] &4 EA 02 It Ll3s5] 2020).

St
R4

F2olA ok ZEEY 8 Q10 == Yo7t 7R =g IR, Yo RE B5(ES],
& Al E= oigte] 9fsleh), 22714, B84, 715 A5kt ltKBannuru et al., 2019). 34
RloA 7H &5t ZIER 5 shel, 40 ~ 454 olstollA =&, f-uet 654 ol 4dollAl
37.8%, °l & °1/d°lA 50.1% (&8 20.2%)% /4ol Bl &2 FHES HATHAAOS, 2021; g3
}5}3] gHo]A)).
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SRS et Al QIAREON Qs e WEE, BE75e A T IR ARl SAES 9
SHH(Z=Z 208, 2022), thiE BEn A4 S4, AA JES o A9 4= IthPA 3], 2017). I= =
YR AYAH7IAEA(The National Institute for Health and Care Excellence, ©]5} NICE), 83 Fuf
A5}5](The European League against Rheumatism, ©]o} EULAR) ¥ d|=r FolE]A8S|(American
College of Rheumatology, ©|5} ACR)9A+= 71o| =811 Eaf YAF At 7|&S # 1.1 I} o] AAsHL
STt

o

[©)

o]F &9 THAPL YAHHAIE EUE st 55 HFXE 5ol 3358 ot Ut ATdA-Z4
A B2 (Kellgren Lawrence Classification of Osteoarthritis, ©]5} KL grade)= =&Y 9] WrALAISHY

=4 5}
F|z9] BRolz 7H UubAQl g, Aol QIZIEXTE(ERE) E T8 AZFAY Fo7]E0
8511 JITHHE 1.2).

2o I AE &4 AR 91 £ gl BERHo g &7iE9] dZdslsS E55] 5 wEoid
‘Outerbridge =77} 7 @ol ARG AL 12™, Outerbridge == &4 79 Wolof digh B71t 75
gk AgHo] Qlof, Zolo gt 7k & = Sl= dE 2L F=o HEt 54 E£F7]&(International

Cartilage Repair Society, ICRS)E T ARE-E 1L JTHIE 1.3).

T NICE EULAR ACR
Age > 45 > 40 >50
Symptoms Activity/usage-related joint pain A A
No EMS, or EMS < 30 mins A A B
Functional limitation A
Clinical signs  Crepitus B B
Restricted ROM B
Bone enlargement B B
Bone margin tenderness B
No palpable warmth B
A HF RS A BT RS A B

B: 174 o4 B: 374 o4

ACR, american college of rheumatology; EMS, early morning joint-related stiffness; EULAR, european league against
rheumatism; NICE, national institute for health and care excellence; ROM, range of motion

Bone Marrow Aspirate Concentrate Avplication for Knee Osteoarthritis



1ME

H 1.2 QUZ0 HE A| Kellgren Lawrence 25 X9

GRADE  Classification Description
0 Normal - ZTEY Fol HolA] o=
I Doubtful - ¥ ZFbo] FoR|AY =] BAE 7FsA U=
I Mild - ¥ FFbo] Ford 7hsAd 1AL, E=o] FA8E
- 3 7HA A, SRl P 2=, = 4% & 3 e B
- 4 7t4 A (joint space narrowing)”F 50% ©]4o]HA = (osteophyte),
I Moderate Z3Ksclerosis), A<(bone end deformity)2] ©]x}& AZo] $HA FHIE AL
8FFo] HE HAARE-A71 Q3 XS, AGEAA APE7EY Za A
2020-340%)
- 3 A dAS] A, 55 == T AT 45 ¢ = e oY
- 4 7t4 A (joint space narrowing)”F 75% ©14o]HA Z= (osteophyte),
I\ Severe Z3Ksclerosis), A<(bone end deformity)2] ©]x}& AZo] $HA FHIE AL
BFF B8 HARIA-AT1 I3 E s, AFEAA A7 3L A
2020-340%)

EX: Kohn (2016), ZtHZ (2016), LLZ02 HE7|Z X LHO|| 2ot MF Arehat HAKIE (2022 82)

H 1.3 22 AE &40 GE EF

GRADE Outerbridge ICRS

0 - Normal cartilage - Normal

- Nearly normal
- (a) Superficial lesions/Soft indentation

I - Softening and swelling of the cartilage (b) As in 1a and/or superficial fissures and
cracks
- Fragmentation and fissuring in an area Abnormal
I g h st g.1 ) - Lesions extending down to < 50% of cartilage
0.5 inches (1.27 cm) or less in diameter
depth
- Severely abnormal
) . L - Cartilage defects extending down > 50% of
- Fragmentation and fissuring in an area .
. ) cartilage depth (A) as well as down to
I 0.5 inches (1.27 cm) or more in o
diameter calcified layer (B) and down to but not
through the subchondral bone (C)
Blisters are included in this grade (D)
v - Brosion of cartilage down to bone - Severely abnormal

£X]: van der Meijden, Gaskill and Milett (2012)

1.1.2 X| =4

A 20EY] APS s AV QILEE, A SiEe ST 2achs 1Y 55, AE, ¥
I 71 57goNE Amote] WEY MPH L5GoNE T Zlolth. Age A HIAEA A5 2 AE5E Y
FolAH, oFE Ago A glal ATt TEFOR Qlste] YRl Aol B wf A XRE gt
(473, 2017). & YHole NgstAAy ¥&7(arthroscopy)= °1-83to] Al (avage) R F&Al(loose
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body)9] A|A, ZuFEA|&(synovectomy), 2= A A&(spur excision)S Al&ok= HH Qo) HAFAQ A
o5ty S o] o] 2T/EdY H”“Jﬂl AP =371 At AE=(osteotomy)©] Utk HEYFE
(arthroplasty)Z ZIEHO| A3t A Aldsk= B o= A3 A8, ¥4d 178<(arthrodesis) 5°

AT F <17t 2020).

T3 F o= 23 F8Htissue engineering)?] o] wakA &S = (biologic therapy)® H]A|
A& (microfracture), A7} AZA|E o]Al&(autologos chondrocyte implantation), Z7]A|E ©]4]
(stem cell implantation) 5] AME-E 1L JATHF E Ql3}st, 2020).

—_

I
=
IS
=

1.1.3 SEEHUM X7t 2+ S7IME2| HE

Z7)M|mek thokst 2293 0 & WSt 4= Q1 HAPA|ZEE(Chapman et al 1999), A7HEA|Qt B3} S
= 7 MEZ == 37 HjokE7]A| Z(embryonic stem cel)2} ZAE7| M E(adult stem cel)7} 912w,
Lol JESETIAERENSZE7IAE, induced pluripotent stem cells)ghs YE2] FAR OIS 7] A2
7HE Sht S7IAE Robd] 2 & FASIL ATHEIEE & UES, 201D).

HH°]‘€7V\1]:55— HE A FF3WEY, S, Ei)o® 23l & Qs FAES 7Hleu, BAE7 A
A= AsE A0 RRY G5, ARt A2g 231 4 JEHSINTEF, 2003; Tuch, 2006). -2 QA
ZANA= =, T2EY, AF, &5, A, 1 35 E£7] AR 5] EAH AldE €71 Axk W 9
n]o A A&7 1M ] £3HH(E8E & 5%, 2011).

Z5E TR 79 AAIET AR Qe E7IA1RE A (reservoin)Qt 22 HTE St XOE, 259
ZEHA Z(hematopoietic stem CeHS)‘C‘ AAZR B3t S AX A YoKE Boto] BEEAEZ L ¥

M EE ATt T Yol 245k E thE &7|M|EZE SHHE7]M E(mesenchymal stem cell) &2
Z57|18 A2 (bone marrow stromal cells)gt E3A|= 202, & long boned Tt FE9] sz Z]

(trabecular bone anastomosis)of] @o] B35} tHAYGS, 2005).

| AAYofekore] thet #ilo] =obdol wet £71A|2E o83k T
o] AL gt} 27| W2 HHE7IMIES] B3 9 FA1S fJ5f Btk S ARgstelod, dxpt B
sfal H]-go] Wo] Fo o= A7t E5olA AHT TSI ZE vido] ofd 55510 F&5k= UH
o] AR2-E 1 ITHKim et al., 2015; Buda et al., 2010).

=209 719E71H12(bone marrow-derived mesenchymal stem cell, BMSC)+= 2 A&sollA A5

b EF B9 2719 A|:of| vls] EA %20 20| B}yl 8o|5ko(Yamasaki et al., 2014), EIES7|1M =
£ o] 83 TTEYA A 52 7Y Eie] ARE A1EH AL JTHASE et al., 2005).
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A 252 A7) Y8 RIS 4SS F 1 5ol Zubtx] 24 upgt
@ HAR 24 F29 FAPIE HHH00 mL)e Z55 AF
4 mL9 3314 (acid citrate dextrose-A, ©]3} ACD-A)E FU%t TS e Hof S}
oAIA AF Tt FFE FUSIL FEFA FEYH, 259 ACD-AYS & 4
@ 60 mLFAP]E o83 EFH TFE 55510, BmSC®60mL IC&7]9] E7H 529] ZEEZ 55 IC
8719 A=l =4
® 249 ICE7]E AEE& YAEE]7]Q] AntEQIA] Y11 ZEsto] SRlof|A] YT A2 Bl 523
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H 1.5 AQFH|9| L MZOIAIFORIN 5{7tArg
A &
E5A8 71+
S7HAS(S7HY) Al 18-68235/(2022.7.29.)
Zog(ndg) 22871, BmSC 60 9] 87
BERYS(EE)  A91030.02(3)
AgE ;;ﬁ AH F YURYE B3to] A5 Bej” THIEE A7F olA1Bhet] AR8she

AZ8& A7 1

A4 19-9363(2019.7.10.)

7P 5(51712)
A Z-LAABZZR] AntEQA 2(SMART M-CELL 2)

E=Ey)
ERHS(EE)  101030.01(1)
AT Yutdoz FAomE L, B1O| Al 5L F& BE ALol4 YHgos Rejsle
o 77124 LEzHo| HsT AL RS A bl% e gelo] ALGERE B
A2 9aHe7) 2

A4l 22-1376%/(2022.10.6.)

5|7FHS(571Y)
AULE QA 4(SMART M-CELL 4), Al

L AARA] SMART M-CELL 4

EEg(dd)
E5HS(5E) 101030.01(1)
PAR-R-B dubrloz PAogHE i 9| Al 52 F& B ASoA YAgor Bk
o 717124 &ExHo] 7Ms3t AS Egst Aol & li«l Eeof ARgoh= A
ZX{: AIZO|OHRORMR| O|27|7| MAIZIYIAIT STO|X|

1.2.2.2 3| 2 S

= 7)&7} st AR

A=

o 24 AL SAste] A7t 242
Joll o]&Jak W1, 71
=o] Jolte] 419271

Aol Ay Belg AW
WIel ‘%-85 A7t B ZANE AR 7). ABAE T ES SR,
SH7L AR AT 7] 365, 2019.2.27.).
7R B9 Fol vlFe] BRI )4 T A4 IR7|SL
& 1371%

5 163 ), 54 olrlae] RS

o vl ¥ 1.8% .

B 1739 2o, A Qlrrle




A XML B S SSE HE
H 1.6 722 A7 20 -HIZ0H S5H
RS A=, =T
A3 P9 vl Fo] H5E
oY AA| H =5 5
ATE A2 4 =8
(Z=]
A7t 25 £7] AIE X & Autologous Bone Marrow Stem Cell Treatment
7t AEEE(E FAUE Aol AR E4A, e € BEA A=
) 3} Cartilage defect
F 1. A2 O, @, ® 27 BF TSk 49 ARt
Z-85 S7085 @ 154 o], 5041 olste] AR S
@ 94, Breld ZAZA(osteochondritis dissecans) 2 & QI A=
£ANICRS grade 3 ~ 4)
@ Hd A= 449 371 2~ 10 ar T
2. Al O B @9 o 2 AARE S APgSith
@ collagen powder T+ Hyaluronic acid membrane& A A=
ARg-5to] o Algttt
@ A7t EF AE 5592 S8 FHE vheo] ¥ FRo Bl &, 1
ol 2A+E8 YAAEE FHo|lA 571 SFAIE Ho g
membrane (JAIAFS, BRI, 7549 &4 EH= 29
a7t
ICRS, international cartilage regeration & joint preservation society
EX: ZUESMAIIIY, ZZESHQAZ0H|E 20233 2&m
H 1.7 |Ao=7|=9 O - el TIHE 1A
183. & d< AKX Y A7} B 7] AR A2&(EABAHIA #2021 - 135, 2012.1.2)
7t 71€'
O 321 : A& 2<& XA A7t 25 27| A A5
O F&9 : Autologous Bone Marrow Stem Cell Treatment for Cartilage Defect patient
. AR
O 22 Ay
o} AR
O 9ZF 2<& THD 154 o1, 504 oske] dH %, @ 4 502 Qg A& </ HICRS grade 3 ~ 4), ®
FHof A= &4 7] 2 ~ 10 )
ok Al
O A7} 258 AFE &, dHE71E AMEsto] i 228 Aldsta, 299 55 25 &
o A soA A 2L HHoll 55 5 27| AZE oX
ok, Q¥ - a4 WA}
O A7t 5 E7 M Amsd 9
== Jrrgk

7] AES 44

3 A% T P 9 FAgo] BEER got shaiel BA} Qi 7]

O APk B4 27] AE AR A2 A 438! 70 ~ 80%°lH, F

SERREE IR Tt

O wRhd, A7} B4 7] A% A2LE AT e B
St AZ $SAHICRS grade 3 ~ 4), ® £

= A& ZAHO 154 o1, 504 ofste] RS, @ oM 522 <l
o A= 449 271 2 ~ 10 a)E dFe= A= 22 Al 3l
P 9 el didt 2471 A= 7led

W ojx

o=

o] 93t HE7} 76 ~ 80%E
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183. 9F 2& TAOA 9 A} B E7) AR (BE(EABAEIA] #2021 - 18, 2012.1.2.)
o, et
O AZ <& FXIA Y A7t S5 7] AE A 5E2 T 4HETH ISE A 149, S99+ 389 =2
2 T o5} B
ICRS, international cartilage regeration & joint preservation society
H 1.8 |AY=7|=0e] Hlw
T AR71& Z-85 A7t &5 E7ME X5 7L AEEE
By e IREy 8 AT A AR
ICRS3 ~4EE=KL1 ~45F @ 154 o4}, 504 olate] dHE
@ 4, dEld SAEHoRE Qg A &
(ICRS grade 3 ~4)
@ o A= 49 371 2 ~ 10 ar FA}
24 AZ AN U FEF ANES BT TVRG AT 23 A
SR AEsollAl AFHT A 2 94 B AT AV E25E 9 BEYohl 559 25 &
3T 5EHE 25 Z/IMES B B9 ol /MRS HW R 0|4

- uEEE A
© AR AES FAPR

o] 27]9} wopo B Arkek APBE = 2}
7} 4Z 270 Relo] o} 4 B 5% 2]

oF BYE ABE B AP A2 21 HW
5gjo] 9%, o} WHz 22 5 ol85to]

LA gt

= AEEE A

@® collagen powder E+= Hyaluronic acid
membrane A A& AR&5}o] o] 2§t

@ A7F & Al 5595 38 FHE el ¥
B B0 2Ql & 1 9o 2B A
g2 Ul 7k EpAE HoE
membrane(A AT, BENY, F=49
54 ES Ea 189

- GEE)

A Y72 NS Heldte] B4E 5EE
2 187014 FA1E ol 83fe] B 29fc]
AP FA

ICRS, international cartilage regeration & joint preservation society; KL, Kellgren—Lawrence classification of osteoarthritis
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H1.9 2 2 & AASKH 2ig
= H-&
u]=k CPT = * Code: 0565T
» Description: Autologous cellular implant derived from adipose tissue
for the treatment of osteoarthritis of the knees; tissue harvesting and
cellular implant creation
& A7) B A=A 2

1.2.2.4 33 J10|1=21Q1 HE

TE BWLYY A7 B B BHE H80] o WA i slelseele HelslA egiet. @Y ol
efelol 4] BeEYl A zo] 27)HEE A AL ANEA gron], AT L B 1103 gt
H1.10 &3 710|=2t2!

American College of Rheumatology/Arthritis Foundation Guideline for the Management of
Osteoarthritis of the Hand, Hip, and Knee (2019)
(A% 5 2= )

= Platelet-rich plasma, Stem cell injection: Strongly recommended against
= PRP % E7MZE &85 75 ITEd AmAl= A vl skl Q%

American Academy of Orthopaedic Surgeons. Management of Glenohumeral Joint Osteoarthritis
Evidence-Based Clinical Practice Guideline (2022)

(EE 5 452

. InJeCtable biologics, such as stem cells or platelet-rich plasma, cannot be recommended in the
treatment of glenohumeral osteoarthritis

= 29U ASTHE ZTEYGoA E7ME B2 PRPO} Z-2 AESHAA Q] UL HUSHA] &

1.2.2.5 =UQ| 2=7|= Ht F

29 9a7|& B/l FES dotR7] Yd Cochrane LibraryolA ‘{bone marrow cells AND
(osteoarthritis, Knee)}:ti,ab,kw' 2 AASE A3} I £33 QI R] gltt 7] AN 59 5 7|&
A =9 4 S AAA £33 28 9 AQwr|eB7t A 18} fAF o=7]&9] 4ow7|eB7t B
314 19Ho] RIFJEHIE 1.11 ~ 1.13).
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H1.11 =UHel Ad=7|s ot 8 =4 MA=T IS/ 0M(1)

= &

AE(AE) 2247 AN A7 B4 £7] NIE X E&(Autologous Bone Marrow Stem Cell
Treatment in Musculoskeletal Disease) (2012)
- IWEQ A A FrHEs

a7t AR
SPIW AR leRRIE, HaRAR
s DBAA ABANNY At B BINE A2 Y R REYS B

ANee BUAY NS PYOE AT AF BSE 55 b 5E5H) g §H 290 o]y, F
A, B ERsle) 2AANS =

A = AAA
« 74 sojEplo] 2
- I KoreaMed& Zg3L 5712] QIE|Yl A Ho]&Ho]A
- =9]: Ovid-MEDLINE, Ovid-Embase, Cochrane Library
= AAY: 20116 79 25¢
. 9] 7]
- 4EAA A S o E gE A
- AL ES VA A BES S AT
- A%t 5437t sht o4y Hard At
= v 7=
- 5= A U HIAE A+
- YA} ohd A+t
- 30| = goj2 EWERA| 2 A
- 59 27

AR = ARt
- STEd
= A=
- A7t S35 EVME )5S
n l:]]_ﬁ’_/\]%
- FEX R, B|FEX|R(TEZ W MZAl<E, arthroscopic lavage)
» OuZy

- b

L 29 g 9 AW AP, YA, 2ot 08 2 229 St A

B e R o LR S L o

A7ds o« A

- A% W 50 IRIAG0H), BLA 5074, 55 VAL AT
- B2 BEH WARAE + At 5% ZNE AEE

- HlE A MR EAE TS

- obRg: AAEIA] Ok

-2 A, 2% 1,23 hE AN 52 1T A, VAS, 55, B4, ADLE A& A F
At vlwe FAOE ROtk Aolt glglonk, VASE A& F RY AHRE
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= &
AH o g B5 Hart wken, A &5, 4, ADLZ /\]E 2N E7H
SALES] A7t Kﬂ SAXCE RO EoF A S T A=t 2 Aoz SRl
- OAOS 5% =78 ol8sto] S7get 4ol A 2xE vluet 23, Ale 78 + ¢ 4
7} Ezﬂﬂ—é ‘rr—’] SHA| Zpol7F Wi 38 Hlashke A2 oo, A Ale A
43.5 + 4.65°01A A& & 671€0l 76.7 + 2.6°.F 337 7IF FFAF=|0] Hlwto|A] oF
14.77 730l HIsf ¥ A=t w2 Zles &9l

28 FaE Wk lole A2 BESe] /7 B Wad dA9 Ve(EAS & D

]/\HE D

ADL, activity of daily living; OAQS, osteoarthritis outome score; VAS, visual analogue scale

T 1.12 2UQ 9|F 7|2 Iyt AS: 2L A2 7|2TIIE TM(2)

TE W&
AE(AE) AL A& R A 9 A7 B34 £7] AIE X E£(Autologous Bone Marrow Stem Cell
Treatment for Catilage Defect Patient) (2018)

S
Sl Alols|aEos), nanan
B7hE3 A=Z4 154 vut, 504 o]AholA 9] A7 &4 7|4 X Z&of tist otdA 2 &
a4 W7t
APy« A4 B
= A HlofEHo]A

- Ff: KoreaMedE ZEF3E 5712] QIEY HA glojgro]A
- =9]: Ovid-MEDLINE, Ovid-Embase, Cochrane Library
= HAY: 20174 10€ 31

= A 7E
- 14A4] oJst, 514 o139l AT 2& EAE ez s3d A+
- AL EF EVINE AR a8 I
24t 237t st o Hate A (AR mE 2dHE A A )
- “Hxﬂ 71&

- BB AY LAY A7
- gA7}obd A7

- g0l B ololz 2¥EA) e AT
- 349 B2

Sgde - o
- 1541 |gE, 504 2310 A& A& A}

= SAAE
- 15A4] 1|gk, 504] 23+9] A& 2 Aol A7t 34 SV ME A 52E
» H|WA|E
- 15 ~ 504 Ale]9] AE A< SAfo|A 9] APt E E7IAE A B
- oz AT}
- a4
A T S B R
- 984

- ZA9] X9 9 YA A AAFA HIALASEA | A5k 0 2 =A5F 2 A 9] 7| ALH)
(e, A= 349
- 4 34 TE 715 7R, F84 IKDC, KOOS 34, KOOS g% +3+5d,

_Il)l‘
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= &

KOOS &%, Tegner &% X] 2AA I[KDC, Mark A4, Lysholm A4+ %) 1 £ 7
2(c]], VAS A4, KOOS B2 o)
- ko] (o, KOOS QOL %)

A7ER - HEEd JWESE A7)

- 1H(Gobbi et al., 2014)2 7|87} =3 23]

- Gobbi (2015)2} Gobbi (2017) I+ 73—?— SIR1O] Aol 454 7|E0 R FEEo] 9]
ol & 7I&9 7t (& 7|&ol st A7 Ag (154 Tlgt, 504 23h)o] FatE
A Lo} 50 ~ 60A] EAEo] EE = o 0101, Hrto| 2ot T 71&9] A1 A3t
= 3lo)sk

=53 do

- BE 5 Q7R AT B 55 ol Sl RYslglont, AR sl 2

n"

n qzl/g-;q— EX]

= O
7 £

A7 o=
@z TR ogw g e T I
Gobbi e >4 200 500+41 85+59 4
(2017) - < 45 20 366 +50 98+ 4.4
S LU S N X L £ 5.5 4
Gobbi cee > 50 6 53.4+33  42+16 4
(2014) - <50 19 433+52 102 +623

= FHAAGE)
- AZW /A1) 6% (1/18%8)
i FLA Ti(luﬂ) 5% (2/40*11)

- FeAE: 2AXG 2 A =, BIFY, 49 2

- 2290 2§ L A HE(1B): 2o] LA YA H 9L FAE 81%, ¥ 71%,
S8 P B Ao s S 08,75, M O3 AT RO Aol 1

- BYNSAEGH): 54 F BF SHY. 2 AE A 5 B 715 AR0TE §o@ Hel
O:‘%El

- %6‘%1!—-/1\—6114) vx Hl At E—‘:r #%—ﬁr oA 23 Rt 2ol i+
O

i)
rlu
e
mH

a& 9}7\}01]/‘1—4 A7t = %ﬂ’\ﬂi Xlig—J P g
o o2 deshr|of] £33 271 FE510] ob] A7t o st gAY V(2
£D, 71&€EF 1I-a)

ICRS, international cartilage regeration & joint preservation society; IKDC, international knee documentation committee;
KOQS, knee injury and osteoarthritis outcome score; VAS, visual analogue scale; QOL, quality of life

H1.13 Il Ad=7|E E7t ek MAN 2 1E(1)

T W&
A E(A) Autologous stem cell therapy in knee osteoarthritis: a systematic review of

randomised controlled trials (2021)

arIt g

A7Ed B2 IPEANAY At Z7HE Az A}
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= W&
A » AAA

= A glojgH|o]A: PubMed, EMBASE, CINAHL, Web of Science, Cochrane
Library, PEDro and SPORTDiscus
=AM 717k ~ 20204 12€ 31
« ZAlo): BIEX] oS
- Y 7l
- 2UE B
- WA A S e At
- EA =LY °§J‘l‘ﬂ—% e A+
- _rxk'quﬂz% H]—rouw\]%l
= HjA] 7]E
- A=Z< IR}
- HE EROR ST AT
- 5% E71A1= wiA
A-A = MEEH O] Al E4
- A7 &M |29 AL HAe % 7MY FAKintra-articular injections)
- A} 2% A T EINE DS 29 8H
- AP A EE wRgel 274 5 29 68
A1 A
At 2 £5 EERIES
(A%)
Wong autologous bone marrow-derived ZEE?IZZ?SZ rzlgfr?frsictﬁre
(2013) mesenchymal stem cells o pening hig
tibial osteotomy
Koh autologous adipose-derived arthroscopy and open wedge
(2014) mesenchymal stem cells high tibial osteotomy
Lamo
. autologous bone marrow-derived
Espinosa none
(2016) mesenchymal stem cells
Goncars autologous bone marrow-derived none
(2017) mononuclear cells
autologous activated peripheral L
Turajane blood stem cells with GFA (group ?;gsl;zscioi (;lnclgilrodnlhng
(2017) 1) or without (group 2) GFA, and Y
hyaluronic acid stimulation procedure
Emadedin  autologous bone marrow-derived Hone
(2018) mesenchymal stromal cells
Centeno autologous bone marrow Hone
(2018) concentrate
Lee autologous adipose tissue-derived none
(2018) mesenchymal stem cells
Bastos autologous bone marrow stromal none
(2020) mesenchymal stem cells
Freitag autologous adipose derived none
(2019) mesenchymal stem cells
autologous mesenchymal
Lu . .
(2019) progenitor cells derived from none
adipose tissue
La.rno autologous bone marrow-derived
Espinosa mesenchymal stem cells none
(2020)
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autologous adipose derived open-wedge high tibial
(2020) mesenchymal stem cells osteotomy
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H1.14 I o27|& H7t 8 HAN 2 0H(©2)
T W&
AE(Ax) Intra-articular Mesenchymal Stem Cells in Osteoarthritis of the Knee: A
Systematic Review of Clinical Outcomes and Evidence of Cartilage Repair (2019)
At=7H Q=
A=A 55 A9 $HE 7M1 Z(MSC) A= 2
A = AN T

= A dlo]ejHo]A: MEDLINE, EMBASE, Cochrane Library, CINAHL, Web of

Science, Scopus
= A 7|7k ~ 20174 4€ 302
= FAMo]: (“mesenchymal stem cell” OR “mesenchymal stromal cell’) AND

(“restoration of cartilage” OR “reproduce cartilage” OR cartilage) AND (human

or clinical) NOT animal.
» A" 7]E
- B2 Z3dY 3
- MSCE Zgsl= MlZ2a-S 283 A+
- ZASE10E) 1, I E= 11

e oA 7 B oS
ArATt = AEERA9 Al E4
- A7F 71412 viF Ei(culture expansion)©f wEt A8+ 2] TA|(stage) S e
- A AR T 2% S5 B 6
- 58 =, AV AFH B 92 VA2 Es3 2 113
e e ez g
Wakitani 2-stage
(2002) RCT BM (autologous) HTO implantation
Davachi e
2011) POS BM (autologous) none 2-stage injection
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Emadedin L
(2012) POS BM (autologous) none 2-stage injection
Wong HTO, _ L
(2013) RCT BM (autologous) microfracture 2-stage injection
Orozco e
(2013) POS BM (autologous) none 2-stage injection
Vega RCT BM (Allogeneic) Control: HA 1-stage injection
(2015) genei rol: ge injecti
(%151:1)8 RCT BM (Allogeneic) HA injection 1-stage injection
Lamo
Espinosa RCT BM (autologous) HA 2-stage injection
(2016)
Jo Adipose _ N
(2014) POS (autologous) None 2-stage injection
Pers Adipose _ N
(2016) POS (autologous) None 2-stage injection
Koh Case Adipose . e
(2012) control  (autologous) PRP Direct injection
Bui Adipose . e
(2014) POS (autologous) PRP Direct injection
. Injection under
Koh = per Adipose HTO, PRP arthroscopy,
(2014) (autologous) di o
irect injection
Kim Case Adipose N Injection under
(2014) control  (autologous) one arthroscopy
Kim Case Adipose PRP in injection, P{recF injection,
L injection under
(2015) control  (autologous) fibrin in surgery
arthroscopy
Kim Adipose Injection under
(2016) POS (autologous) None arthroscopy
Park POS Umbilical cord Multiple drilling 1-stage
(2016) blood (Allogeneic) (5 x 5 mm) implantation
. obl
- AN e
. %4
- AR 179 5 1594 dZ2IHES, 716)9 A Bargh §hd, 219 A+t= 78
K10 g7k Aol 7} gieka gt
- AZ Aol tish A3 B B9l BIRE 1170 A+ 5 97004 AE A= RS
Hgk gy, 2709] A= 7hAo] A9 = AS iokar Bargk 23 WA AA 2
B3k 77) A+ F 67l AF AHe 241 Bugh v, 1719 A ZE AP A
7Rt ZE e S Boicka B gk
2E 5 SHEANAN S S7ME A 5E @] FHHR2871E vThA]l 553 7152 7h

5t AF Aol YR Fo] YEAOE ISt oL, ofg] AT HEH = SUH

difolo] §7] A2 BRI}EE YAABt AT Al et B B AFTHY
BM, bone marrow; HA, hyaluronic acid; HTO, high tibial osteotomy; LOE, level of evidence; MSC, mesenchymal stem cells;
POS, prospective observational study; PRP, platelet rich plasma; RCT, randomized controlled trial

16 Bone Marrow Aspirate Concentrate Avplication for Knee Osteoarthritis



AR AR A2 S8R i B2 AA7] s that 22 HHoE S3E gl ¢4
20239 14 4¥ Ovid-MEDLINEE’—]- Ovid-EMBASEOJA] ‘osteoarthritis.mp. or exp Osteoarthritis/ or

exp Osteoarthritis, Knee/’, ‘((bone marrow or stem cell$) adj3 (transplant$ or transfer or

implant$ or inject$ or therap$ or administrat$ or treatment or application)).mp.’ 2] o1& %3}t
sto] PSS AAISHAAL, & 1,5975H0] SRIEH AME 719 25 4 7|87 HAAE alsto] 3
7k 2910] SR B A 20E viEsion, olg AdRolA =2 & £ oA Hiet 9o
£ =30k, vt ol FF: 45
ASHA= ICRS 3 ~ 4 B=KL 1 ~ 4 559 75 =EY A= A4t 491¥ ﬂ% A/FolA
=Y FAIA Al ZA =Y 82 KL 2 ~ 3 552 o= skl 3o, KL 4 559 B¢ <
AT TWAATEC] H3F 07 AEX7 H8Lo AH3slA| obrh= ool on, *WXH A AL v
sto] A AA SRS e R & 71 F8A] P FaAdol tiste] Fi flskA B7HE 4-d¥st
= oIt
SAAIE2] ool tish 49¥sl= &t Zo] =25ttt g7l AMgEE E714129] dHS A7t
(autologus), &5 F¥(bone-marrow derived)Z 3Hg3}3L A1 7]719] A5 gjQ} o] YAlRe] T ot
& 55H S7IMEE AREShe A9t Z3bek Zlo] stk oolgint o]of wet F-E(allogenic), Al
A, #et =2 A% ff(addipose derived) E7IMEE ARSHAY 5% E7IH1E(Mesenchymal
Stem Cells)9] £3} U Z241-8- 9J3)| 8 culture expansion)sh= HHHS ARSSH 4= 5 7|49 SAA &

ool sigstA] o= wiAshy|= St AFE A7 T2 w52 A%t Fule 54 BIE ARSHA]

T:I
Fi

TJ: r
0.9. i)

N

2 BTEE BRI B4

oH

IIIUII
A
o



NEC/\ / 22 sue sxouel 24 89 558 58

A1 A1 71719 T2 YElE ARESH Au|etH B5 Zgslo] Frlelr| 2 st e, At 34 &2 55EY
Agaho] diside AR AEs Al AX]Al(scaffold)E 083 o]Ax HATFY FAE
(intra-articular injections)& B E3lslo] Hrlolh= A 07 515, A& WHHo] Alo|slEE Al&EHH ¥g
TEsto] e 3 ok= Zlo] ZH™sitk= o Aol qith

H A& E3H Al e JLEsto] ZF Aleio] T2 84S A0k 0= ol3th A9Yde &
7l&o] A =

S-S Boll SHEHES A =otar} ok 53 O]EE 4474 X Z(osteostomy, arthroplasty 5)
= HIAE2A JEGHA] dth= JH g A5t 2 ottt E3t, HaleS 483 Fole 5 71«9
O 8IS FEste] ERIT 4= = AT (Cl: SAAIE + PRP A= vs PRP A =)4t 23}s5to] F715h7| & s}

At 55, s Whe Be ST IS A et ahol A P4, B4, A, 2Alaky
o= 2% 240) A/} S viow WA 2x0) Ag 2 A HEe Aol $AAL Belskn
2} st

CHArSEXH(Patients)

® [CRS3 ~4 EEKL 1 ~ 4 539 75 ZIHEH e

ZX{Al&(intervention)

H| 1 A|&(comparators)

v U NEEE Al o4 TNEEE B F2 TAEEE + 14H AR(FEAR H BAEAR)

» WU FAR 4 A=2(FE A= H H|kE A1)

o|g A outcomes)

. by

- QA 715 AR, BEAE(Y), KOSS, Knee and Osteoarthritis Outcome Score;
IKDC, International Knee Documentation Committee Score %)
-0 2
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+BMAC
HTO+M

FX 19

MSC

A A ol

FEEAT
91

ICRS 3,4

KL 3,4
HTO+MFX

+hUBG-

Yang

! (2022)

+BMAC

PRP

24

Jin
2 o

74 ICRS = 3B

BMAC

HA 2d

Lee

3 (2021)
oj=t

84 KL1,23

BMAC

ACS (43]) 6714

1d

a7
RCT

56 KL 1,2,3,4
BMAC

PRP

Anz

4 o)
olgrejo}

RCT

24 KL123
BMAC

1d

HA (33))
PRP

5 Boffa
(2022)

JOE

@7 olgrelop

175 KL2,34
BMAC

1d

MFAT

1+

Vitali

5 (o)
RCT

RERE

84 KL1.23
BMAC

Placebo

1d

1+

Dulic

7 (2021)
RCT

o)

76 KL 1,2,34

BMAC

(saline)
Placebo 1

e

1-

Anz

8 (2020)
A

sl
25 KL 1,23

BMAC

(saline)
arthroscopic

o7l

Mautner

? (2019)
RCT

o)
25 KL 1,2,3

arthroscopic

debridement

Shapiro

10 (2019)

o)

mild to
50 moderate

debridement

+BMAC

Shapiro
RCT
(2017)
RCT Q=
OA
ACS, autologous conditioned serum; BMAC, bone marrow aspirate concentrate; HA, hyaluronic acid; HTO, high tibial
osteotomy; hUCB-MSC, human umbilical cord blood-derived mesenchymal stromal cell; ICRS, international cartilage regeration

11
Varma
& joint preservation society: KL, kellgren—lawrence classification of osteoarthritis; MFAT, microfragmented adipose tissue; MFX,

(2010)

12
microfracture; OA, osteoarthritis; PRP, platelet-rich plasma; RCT, randomized controlled trial
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3 Yoaq

5 71ed 2 Ale B ST Be S-S AEE BRI

Aty g3 B 2288 H s A3 TR B YA S 3H(Boffa et al., 2022; Dulic et

al., 2021; Shapiro et al., 2017), ZEE A+ 1H(Yang et al., 2022)°2.F & 4Ho|{t}.

_c|>£

n|AEds Al o]4lo] W3t TS E A 18(Yang et al., 2022)°14 Ale E= F232 7|7t 57t A28 A
& & 3ol FAE-2 UEA] etor, A7 25 &Rl 559 o]4] oA 159 St A=
A(stiffness)s D460 Al 2711 & ohFoF =X RS Wil 371 A& glo] IEE ]It Har
THE 3.2).

AT AF RO thol] S B HA8-2 H sk #3233 (Boffa et al., 2022; Dulic et al., 2021;
Shapiro et al., 2017)°]1%oH, =& HZFgt b3S 9 FAR-8 Al flittal Hastqint. o] 5 2H(Boffa
et al., 2022; Dulic et al., 2021)°|4 0|t F2-&0 2 527 HZ(swelling)°] AR Yot EH
et A= BRSHA] gttty Hasialom, 1 9 AR B w /gAY 18 (Shapiro et al., 2017)0114]
A ol dHES o2 i (effusions)O] S 58%<t Yok 25%C1A WP oL 670Y FH AL
oA 22t 12%%} 8%E #AsH e Halsklal, G (warmth)> 1709 F2ol4 Ale F 397 WAgst

o] 43 F A=Ak B USFATHIE 3.2).

A

4

TR

Job

|0

[¢]

H32 NS BEE T 2N

A1 AR}

(mey) ORI Ao TS EE RLE
mAIZEE A o4l
- A7 S 9 B ol
Yang = SAL: 5578 . :
IBE = - A& (stiffness): =A< 19
ZHhUBG-MSC): 5573 o 5 oo 5
(2022) 2HhUBG-MSO): 55 24 T E Ao 24 T 5]
AR F1
- A7 RRE gl
Boffa R 56T - 55 F3(swelling): S 420(7.1%), <t
2022 RCT Gzt sens 32(5.4%); ol2iet BrIg REE-L A =o} Blo] Y7
ST A7t Aol QJdelut 58E FAte Ba sy
0:1-,%_
Duli FAE: 111 - A7 RAE QS
Qo2 RCT  HHER(HA): 309 - A& T A 7979 Bug HEswelling): 4L
ti2(PRP): 247 117, HAZ 27, PRP 47, 27} Q&

£ SUEY SMe &4 82 sEE HE
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A 1A A} = ShH= g
(wan) BRI AT P EE HAR
- AR B =
- A&(effusions): ZA9] 58%, 9] 25%
67N AR ZAMA 242} 12%2} 8% 2 AT o]=
Shapiro S YR LSO ol 2] e
(2017) RCT EHE—‘E‘(S&IH‘IG) 25_\:',_% qi“l—"—— Oﬂa OEI_]_"S‘ -]—E-‘:]-I__ ?:]% EE-’] }_]_—0?]%]_

7Fs/d0] &
- °ﬂ7]‘(\¥/armth) 17H_4 q]/q 3013111 =1 e o]_f_c‘)_:]_
5 2AEQoH, o AHA L ZTHHerythema)

A e

HA, hyaluronic acid; hUCB-MSC, human umbilical cord blood-derived mesenchymal stromal cell; PRP, platelet-rich plasma;
RCT, randomized controlled trial

5 71ed RS YITHET, 715 74D, a9l &, 229 A d ARAH=E AR F7eIH

N
Zi

A olat ool TBAA AR 1T 5EO ZHL W] AE WAL N aHE W] A
449 AR SR U4 54 AAS0] 7] SH02 Totelol ABel Slon, WY 4 B A 4
4 geho] WEAHo] thg gkt Blo) AEE ERSoIAL o]2ld Y44 BT % hospital for

special surgery (HSS), intermittent and constant osteoarthritis pain (ICOAP), international knee

_,>~14 o

documentation committee (IKDC), knee injury and osteoarthritis outcome (KOOS), knee society
score (KSS), osteoarthritis outcome score (OAOS), short-form 36 (SF-36) questionnaire, Tegner
activity scale score, visual analogue scale (VAS), Western Ontario and Mcmaster Universities

Arthritis Index (WOMAC) 5°] ARE-E|oH a4 ZIA| 10| W50 5344, &34 75 74, 49 4

2 A3aEe) H4g Hejsio] Hle] BT HeEalolA A8 E 18 TR NS N SHE
T 3 339 2,

259) A9 L APEE
HE AARE HE- ol &85t Bristth. AH¥E EE=0IA
Joint Preservation Society cartilage repair assessment (ICRS CRA), Koshino staging system 52| 7}

=0 AR A

e BRSO QA GO, 2ASPH 0 25t 240 271 gt 2

-1 O

rr

International Cartilage Regeration &
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et &
O/l FEES 304, 715 224, T2 599 183, 28 104, 23 7= 108, B84

HSS 1080) 0.2 F4E0] 90w, 0TS L) ~ 100(H$- $2)0% =4 (Singh et.al, 2013)
IOCAP ZHEAY] T B5(R&4, 1184 %E yriels 1171 &9 A7) Bua] 48R Z,
F1AL 10080 A7t 842 E20] w7t 3RS UEFd(Moreton et al., 2012)
IKDC EB/AQ] FA 75, AE2 o] o] 4E LH/A0] AHE EXsh= HEA|Z, 18719
AEo 2 A=, 0(FS- ) ~ 100(F%- £)22 SHEH =T & ¥Hst, 2013)
KOOS 5709] SFRAE(ES, T4, IS P68, 2x=/07}, 4] H)E FAJ=0] 9o, Z+
(OAOS) A EE O ) ~ 100(H% £2)2o= 4= (Gobbi et al., 2014)
KSS ST FARES 504, T2 58 254, FA 2589 715 AEFAY 504, A

227] 508)2] 271 FdFoz A FEo] xgrE(Martimbianco et al., 2012)
8719 A7 NEARWIAA 715, AHA 715, AAIE 93 Algh 344 A5 Algh J4 A%, &
SF-36 g, 55, 48 A7) SHo] Qs o £ WFE Zobotal loH, 0(F kel 734t H)
~ 100(ﬂ¢4 A7) R SHA(FEE & °l5% 2005)
Tegner activity ¥, AZ =0} HHH S5 22 B7Fot, 0 B ~ 10(W-F- 2= HA47t S48
scale score (Briggs et al., 2009)
A4 10 cm A19] 2ol it A 92 F(0 cm)Y 55 92’7 222 E(10 cm)9] ‘'F|

VAS ko] 55 % T Ao £08 5F XJEE T FASH st AIRE(EE B)ollA 2R
E*]”V]—J 2432 MENHR 7|E5t= 55 24 WH(Delgado et al., 2018)

371 FH(EF, TEY g A 39 ojHw) 7158l HAEE AL’ 24F

WOMAC B9 715N S =48, 4 32 53 FE=E Hristy davt 2255 349 93 &

59| AlgkS YeRE(BELLAMY, 1995)

HSS, hospital for special surgery; ICOAP, intermittent and constant osteoarthritis pain; IKDC, international knee documentation

committee; KOOS, knee injury and osteoarthritis outcome score; KSS, knee society score; OAOS, osteoarthritis outcome score;
SF-36, short-form 36 questionnaire; VAS, visual analogue scale; WOMAC, western ontario and mcmaster universities arthritis

index

33185

3.3.1.1 DIMIZE= Al 014

uA|Z8E Al o]4lofA 55 HHH A= IS EAT 3H(Yang et al., 2022; Jin et al., 2021; Lee et
al., 202194 Esint 55 AdE R 509 S71A412 o] 43} H|wet &3 Zu%(Yang et al., 2022;
Lee et al., 2021)°4 A2} v|2# 25 A& A3} v 1S ] A|&E o KOOS 5= F4, SF-36 AlA|

B35 A4 KSS 85 A4 M-S Bastg oy, BAA §9d2 BarskA] kgl Wl”“ o= Als
¥} v wek 199 ZREAH]in et al., 2021)04= SATH Blalet 25 KSS 55 A7 A& Fof §9
stA 7H4(p < 0.001) HS= Baskoitt. ST Hwwte] 55 A Al Al, 2 {23 Atol= gl
THIE 3.4).
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H 3.4 3 T HKO|MEES Al 0]4))
A1AA A+ _ %% A4 (mean £ SD)
e N N A3 L L7
@ugm) §g T T =2 - I p
KOOS A& A 423 +3.7 41.4 £ 65 0.408
Yang . o558 pain A% 24P 817+ 64 83.1 + 83 0.119

IZE YR 557,

Bodily pain 2% =z 68.2 + 8.9 68.4 + 8.6 0.663
Jin S 48 KSS Al A 272+ 7.6 27.0 £ 85 0.692
(3021) FTE HFRT 435, . . . .
0 MFX only pain HE 2ANE 42672 39.7 £ 6.5 0.136
ST 4278 A& A 30.8 £ 11.0 31.6 £ 10.4 0.993
Lee FBE oz 300 KSS -
(2021) hUBG-MSC P3P HEFEHWE 406291 428 7.9 0.380

hUCB-MSC, human umbilical cord blood—derived mesenchymal stromal cell; KOOS, knee injury and osteoarthritis outcome
score; KSS, knee society score; MFX, microfracture; SD, standard deviation; SF-36, short-form 36 questionnaire
" Statistically significant improvement (p < 0.001) from baseline to the evaluated follow up

3.3.1.2 2B FAt

WA FA O B A 2oE R 2312 9Ho itk 59 242 VAS, KOOS (OAOS) 55,
WOMAC 55, ICOAPY] H7} =77} AR&-E ]t

mlo

VASE &A%t 552 (HO| B0 SR} H|iT BF A& T 23 B AJ-oA 55 A5 74

H 519 om, o]F 3H(Boffa et al., 2022; Mautner et al., 2019; Shapiro et al., 2019)°l4] A& A5-9]
FAA RO ASE AN 23t VAS 5 F40] Foj Aols B BHS 4HOR, J|GFEAL

Za}= 2mo] ool A, PRP A}, A7} @ 224 9 B2} vl et 7+ 1HoA] HE A7 A A4 =

A-9] VAS 55 Aa7F FosHA /A= 922 Earskelch

3o 4Ho g ZXLT} H|TT HE AL T XE 13 A|-o

9

¢

N

KOOS (OAQS) &= A4 WshE R st
535 A4 /MAS Husgl o, o]F 2H(Boffa et al., 2022: Mautner et al., 2019)94 Al& &
AA FoldS Bkl Ale qer mpR|eE 242 Al KOOS 659] 21t Aoli= FA 5wt} Bl
1H(Varma et al., 2010)°14 SAZY] F7F 8AXLE FO5H =t 55 M A=t =2 ACE £
=t

WOMAC 535-2 1¥(Anz et al., 2022)°114 PRP AR} HI A SAZT Bl AT B Al& & 247197
E= 0] HAS B aslgon, 27t Xfol= A|A|5HA] 99ttt

Fll:]

L

o

r&" T

Job fo
ro,

ICOAP total pain 2= X 1%F 1H(Shapiro et al., 2019)9] E3oA= YoFt 273} HW A] A]
1270 E7HA] SAT2 vl a2 Fo5HA 55 A4t HAE ot Bkl o, ST Bl nwte] B
A= vl Al 22 52l Afol= fIUTHAE 3.5).

ml>
t’“ 5
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H 3.5 &5 T4 HIZELU AN

AMAY goom cimox Aii e R A 4
@uap HTHE W VR EEas aw, sRas aw, o
VAS

Boffa 22 561 Ale A 62+17 5.7+20 0.006

@022 RCT gzmised HA M -22+26 <005 -14+28 <005 <005

. AeH  596+186 683121 0.187

Q22 T ?CES% 127 6N 2.42 + 235 4.54 + 1.90 0.024
"""""""""" FAZ Y A&d 707£161 6904181
g2 309

bulic  pep HA a9 o oorios 27x26 < 0.0
(2021) g2 24, PRP AW 7174161 6odx179
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 219 092+108 3354210  <0.001
Mautner o S 58k B 39+£03%5 43+0385
o) T it 48k, MFAT 24 2@ 25+ 0351 <001 28%0376 <001 08
Shapiro o S 25k B 108D 290,700
o) Mt 25k saline 127G 120,55 0001 070,56 0001 098

Varma .. S 257 B N 57£09 5411 0324

(2010) i< 257 ohe 2.1+06 52+ 0.9 0.000
KOOS (OAOS) pain

Boffa 22 56 A& A 62.6 £ 19.0 65.0 £ 19.1 ns

o) T ogsmsenHA aepe +00+197 <005 +60+06
ZA 1118 o ANed 824+1766 39.09+£153

Dulic =< 30, HA 12714 72.63 + 20.25 57.32 + 23.37
@) T gz Aen aurizes  a96xiss
oW 7263£2025 64432502
Mautner o S 58k o MNed s46+2074 51442867
e T 48k MFAT 23 2432 70.6 £3.313 <001 70.4£3692 <001 056

Varma .. B 257 o HNed 47457 5449 02

(2010) 2t 259 6/ 78.8 + 4.1 56.4 + 4.9 0.000
WOMAC pain

Anz ReT  SARE 45 o AEd 70£33 62+38

(2022) £ 39%, PRP 2470Y 3.8+34 3.7 +3.4
ICOAP total pain
Shapiro . AT 25k Aed 32089 32073

(2019) 2t 25k, saline  1270Y 18 (0,50)  0.001 9(0,55  <0.001 0.68

ACS, autologous conditioned serum; HA, hyaluronic acid; ICOAP, intermittent and constant osteoarthritis pain; k, knees;
KOOQS, knee injury and osteoarthritis outcome score; MFAT, microfragmented adipose tissue; ns, nonsignificant; OAOS,
osteo—arthritis outcome score; PRP, platelet-rich plasma: RCT, randomized controlled trial; VAS, visual analogue scale;
WOMAC, western ontario and mcmaster universities arthritis index

* CtQ: mean *+ SD = median (range)
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3.3.2 7|5 M
3.3.2.1 D|MIZHE= A| 0]A]
JMIZEE Al o]XoflA &34 7|5 /AT FE A9E gt £ F 3H(FTEAT) 0T 3H
EHoA SAET vl BE I 7)5 FIKDC, WOMAG, KSS 71%, KOOS 34}, KOOS YA~
52, KOOS AX=/07t SF-36 4417473 G99, Tegner A5 = Al& Aol H|g] Al Fof| 34
Ao, FAA R4 o] F 1#(Jin et al., 2021)°4 EISFATHp < 0.001). S vl 2] &34
715 704 A4 vlA], 27 Folgt Xfol= YIITHA 3.6).
H 3.6 £8H 75 HM(OIMZEE Al 0[A)
11]1111} _ |5 78 A<= (mean £ SD) 27|
ol AL oA L T L e
IKDC
Yang 5o BARE55%9 Aled ..362£30 354+55 0253
(2022) HEr: 559, hUCB A FHBY 728+58  733%98 0092
Jin oo A 487 Aled 353+126 337+94 0537
(2021) izt 437, MFX g FHBL 713 +11.2°  67.0+10.6  0.260
WOMAC
Jin Sse oA 487 L . N 46.9 £13.9 ~ 475+104 0318
oy T dest 43 MEX A3 RAwE 16398  204+97 0297
Lee Sse oAt 42% I . N 43.9+127 452+88 0697
(2021) iz 327, hUCB 2z FHBL 23.4+11.6 195+ 158  0.080
KSS function
Jin se oA 487 I . 589 £133  606+110 0649
oy T det 43 MEX  ZF FAwE 91.0+102°  888+82 0445
Lee se oA 423 I . N 623+11.9  63.1+112 0766
(2021) iz 32, hUCB HE FHBL 80.1+ 150 824+ 155  0.437
KOOS
Svrmot Ale A 409 + 5.1 39.5 £ 6.9 0.346
MPLOMS
VTP sz aawy 792475 79488 0748
Yang - FA 551 B 520£71 515+84 0430
eo22) T damssmaucs PN azaamy masso  s31+58 0393
SRA ANed 23870 23792 0230
HFE 2H®E 620+ 119 63.2 £10.7  0.256
SF-36 PCS
Yang .. A 559 Nl 422+35 41.5+55 0624
(2022) izt 557, hUCB HE AT 64.7 £5.9 65.4+79 0073
Tegner activity scale score
Yang —e A 55 Nl 23+£09 22+£08 0.109
(2022) it 559, hUCB & AT 40+ 0.5 41+05 0.858
Bone Marrow Aspirate Concentrate Application for Knee Osteoarthritis
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s 784 <= (mean + SD) 27|
H] W P

AT T8
ADL, activities of daily living; hUCB, human umbilical cord blood; IKDC, international knee documentation committee; KOOS
knee injury and osteoarthritis outcome score; KSS, knee society score; MFX, microfracture; PCS, physical component
summery; SD, standard deviation; SF-36, short-form 36 questionnaire; SRA, sport and recreation; WOMAC, western ontario

R T

= A&
94 AEE AA
SLREAL FAE
=9It}

oA SAT Bl
Ue= Hasich
NIASI e
7 T R
(KOOS overall, symptoms, activities of daily living, sport and recreation)2] 7J41S H115}% 0,
AT EA 7
479 BRI BT,
APE7t BAZCE |5t

e BusA Aglth. FAL

A1AA
EHdE) ©
and mcmz‘aste; universities arthr|tfs index’
Statistically significant improvement (p < 0.001) from baseline to the evaluated follow up
3.3.2.2 HHUL FAt
AN AN &84 75 JiAT TRE A= 9H e E3oA Barstlon, B4 7)s A4 &7
2. [KDC, WOMAC, KOOS 34}, KOOS @48 98538, KOOS AX=/o7) 59| Hrle1e §54E
of that o] A=t
IKDC &4 d4 ¥slE B st 2318 3W(Anz et al., 2020; Boffa et al., 2022; Dulic et al., 2021)2.
2, 420 057 BE As A gy AE F HE B AR0I4 B 715 59 A Bustgon)
o]% 2#(Anz et al., 2022; Boffa et al., 2022)°14 Al& AE A4 o4 AZS A AT 27t 2}o]
18(Dulic et al., 2021)0|A] 3|L2EA Z=ALET} v WA] upA]ul 2272 A HojA ZA|Z29] Harl &
AHCE FOotA 2ot 75 A Frrt w2 A o= ERIE
WOMAC A4=2 2435 W4 7152 3W(Anz et al., 2022; Vitali et al., 2022; Dulic et al., 2021)9] &3
I5E B 7158007 Al Aol Blsf Al o 2HEAoH, Als %"i TAH /Y
I H|wte] WEY|E Bl Al A7F B AR H|wek 3 1H(Vitali et
al., 2022) ¥ s|gF24 AR Bl et 1H(Dulic et al., 202194 = Ale & SA4LY B4 7573017t
-2 4H(Boffa et al., 2022; Dulic et al., 2021; Mautner et al.,
T HZ B2 AFoJA KOOS B 71542
< Bysiglon o
At A% A

h A ==l
KOOS #4 7|5 A4 H3ls Hargh
2019; Varma et al

213170 A=

2019; Varma et al., 2010022, SA+3} vl &
% 2W(Boffa et al., 2022; Mautner et al., 2019)9|A4 A&

F 43 Al KOOS #4E 7155 A9 7t Afol+=

., 2021)01ME SAe] T4 715 ik
BI5lH9H(p = 0.002), B+ 1¥H(Boffa et al., 2022)°4+= KOOS AX = /07} F471 FA oA Al
BIsHAtHp < 0.05). YHA 2@ (Mautner et al.,
59 WA A=E 75 1H(Shapiro et al., 2019)9]

7} o}
3} vwgk 9 1H(Dulic et al.,
a
< & FosH MAdENES
2010)9] AFolA= 21 1235t Aol 7k ik
Foz 4 7|+
i BROIA 7] o] dieh iAdS BRou, 3t FofRt Alol= ITHE 3.7).

75 552 %_]’% = ARt gt A&
F3ol|4
g XML E4 52 SEE HE
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H 3.7 228 75 IHM(REZL FAD

A1AR; = AL H]

. A7 A% B e S T J pds
@uar) DY QY TE e e, An g as ds, S0P
IKDC

Anz FAL 45T e A 450 % 142 47.4 + 166
(2020) RCT EHiL 39%; """"""""""""""""""""""""
PRP 12719 643 +208 <0.05 637+196 <0.05
Boffa A 56 A& A 48.5 + 16.5 49.5 + 16.6 ns
(2022) RCT EH»%—L. 56%; """"""""""""""""""""""""
HA 24704704 +9.8 +£191 <0.06 +59+187
AT 18 N& A 3619 + 14.18 28.57 + 11.43
gz 308, T
Dulic HA 1270¥ 57.62 + 21.84 42.4 * 17.55 0.002
@021) ROl o e e D e
oz 248, Aed 3619+1418 3280 +1275
PRP 2HY  57.62 +21.84 48.55 + 20.83 0.086
WOMAC
Anz AL 45 Ned 353181 321 +17.9
(2022) RCT  WIRF39W, T
PRP 2470% 08+17.1 98+152
Vitali A28 gad 6042+ 1630 69.92 + 10.26 0.101
Qozpy  REE HEZIZE. T
ACS 6HY  20.55 + 15.41 5879 + 1484 <0.001
FAT B e A 44.34 + 18.67 46.41 + 14.98
g2 30, e L
Dulic reT HA 12709 2434+2091 352941739 0.035
(2021) gaz 248, AEA  4434+1867 grz+17.00
PRP 1209 24.34 + 2091 31.06 + 23.34 0.306
KOOS
Symptoms
A& A 680+198 704 £169
2479 A0 +48+168 +45+169
Bofta 256 ADL
(2022) RCT Wz 56%W, A& A 674+195  94+186
HA 244448 +105+184 <005 +78%173 <005
sRA
A& A 3474236 3904239
24ME70 +123+225 <0.06 +47+250 <0.05
SAE 1118 e d 43.18+ 16.8 32.4 + 16.86
TRl 0T,
Dulic r HA 1270 68.52 + 20.72 51.86 + 20.21 0.002
021) RO
e 24, Aled 43184168 39.19+1701 0.207
PRP 1219 6852+ 20.72 61.24 + 24.34 0.170
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A1 AA . A H|
guan T WM R e enes an, S0
Symptoms
Aed  537+29%2 549+3209
HE FHWE 694£3702 <001 67.6+4120 <001 061
Mautmer  FARssk ADL
Qo1  FRE dEEdsk,  Aed @6+29%6 57.2+3202
MEAT A% F4UL 7923055 <001 7563401 <001 058
SRA
AeEd 286+4224 213+4.63¢
HEFATE 561 £5851 <001  463+6333 <001 079
Symptoms
A& A 497+75 468+69 0.155
Varma RCT ZAE: 257 ol 793+23 566+52 0.000
(2010) 2T 259 ADL
Ale A 461+69 479+47 0.287
671 81.1+1.8 71.8 £ 4.0 0.000
55 539 &5 & Az g3t A8
Shapiro FhE Bk A - TEESO USRS ARSI dee] 135 oR)
ooty RCT  mia: 25k, N DEE 3 AP 2 gHR UG TR £
saline 12704 LT 71 20 gt /M 2Y 0.52

ACS, autologous conditioned serum; ADL, activities of daily living; HA, hyaluronic acid; IKDC, international knee documentation
committee; k, knees; KOOS, knee injury and osteoarthritis outcome score; MFAT, microfragmented adipose tissue; PRP,
platelet-rich plasma; RCT, randomized controlled trial; SRA, sport and recreation; WOMAC, western ontario and mcmaster

un|versities arthritis index
" Tkl mean + SD

333 &2 &

3.3.3.1 OIMEE=E Al 04

E 7oA Histlow, SATI} Blal

nAlZds Al o]AoA 4] & 7H*%Jr HHE Zd3k= 199 IS E
9] 419] A F(KOOS 419 4, SF-36 F4l /484 89h= Ale Ao vlg| Al& o =N
AR 79/82 HalsHA] gkt SAT Bl 419 A A BlwA], 7 523k Afol= SIUTHIE 3.8).
H 3.8 49 H - HaHO|MSES A 0]4)
A1 A2} ‘E—TL . w9 4 H5 (rnean + SD)
- . A4 PAE:S ] 7M1
KOOS A& A 31.1 + 438 298 + 6.3 0.152
S 55 QOL AESE DT
Yang  ooe garogsm 33 #4012 72.4 6.8 73.8 £87 0.279
(2022) hUBG-MSC  SF-36 A A 57.2 % 8.0 57.0 + 9.2 0.978
MCS HF 3w 64.0 + 8.7 64.7 + 8.8 0.320

hUCB-MSC, human umbilical cord blood—derived mesenchymal stromal cell; KOOS, knee injury and osteoarthritis outcome
score; MCS, mental component summery; QOL, quality of life; SD, standard deviation
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TEGW A A8 T 4] A2 4UFAHNA B0 A GAIE 39, ZSE AT 1H)olA] Harskyint. 5|
FEA FARRE v R A 1H(Boffa et al., 2022)04= ST HlIwt 25 Al& Ao H|s] Al & 4F
o] A A7F FYsHA FFEALH(p < 0.05), 21t Bl Al Al £ 67049 AR 9] 419 4 F= Blato]
FoISHA FFEJTAL HASHHHp < 0.05). WAl A4 FARE B wet 2 E A5+ 1H(Mutner et al.,
2019)9M= SATT} vl 25 Ale A vlaste] Als 3 412 2 a7 = eH KOOS QOL,
EQOL mobility, EQOL pain /discomfort, EQOL composite X|IAATF FAZHO 2 F-olst o, 7+
49l A A4 {03t Zjo|7} QIgleh. YoF 2 wwt v wEt At 13H(Shapiro et al., 2019)2 A& E=
ARl 75 50| 449 Hof ol Fke FFE miF=Alol tiet ol ‘BE Ee mUE o= SET
A ()R 4] A Bkl oH, SA R Blawt B ROt @ (p < 0.05)= EiLsklou 7t Ao]
+ I3l PR =] Bl AT 19H(Varma et al., 201002 Al A SAEY 419 & A7t vlagto] H]sh
BTARCE FOSHA WA H(p < 0.001), ST Al Aol H|sH Al & 671E Al 2F 337 71 3=
of H|w-9] 14.770] Blsl I Hx7t =2 A2 = SRIEJTHIE 3.9).

H 3.9 &9 & F4- HSKZEZLY FAD
AAR A = 49 A H4
et S @wdy Am S i mp TN
3704 7hA +16.3 +20.0"  +17.1+19.7F
Boffa o q%? ;E—L 5566:5 KOOS GHE A +140+208" +189+ 198" <005
(2022) A QOL AEAE +151+£201  +162+ 231t
247ME AN +181+2597  +16.2 +25.2F
KOOS Ale A 28.6 £ 2.995 29.4 +3.302
QOL F >4¥¢E 520+3.858"  48.0 + 43031 0.45
EQOL Ale A 1.694 £ 0.074 1.732 £ 0.082
mobility % 23 1.407 + 0.0801  1.508 + 0.088" 0.65
EQOL Ale A 1.187 £ 0.057 1.102 £ 0.062
self-care 2z 272 1.050 + 0.0371  1.061 + 0.041 0.30
Viautner B 58k i?g A& A 1.646 + 0.083  1.887 % 0.091
Qo19) = qﬁigégk' activities B ZATE 1494 + 0094  1.659+0.102  0.65
EQOL A& A 2.056 + 0.079  2.215 + 0.087
disigﬁéort A% FHTL 1735400897 1.799+0.0977 051
EQOL Ale A 1.210 £ 0.070 1.314 + 0.077
anxiety = 2ATE 1164 £ 0.079  1.271 £ 0.085 0.98
EQOL Ale A 0.727 £0.027  0.667 + 0.030
composite & Z2AWF  0.835 + 0.0271  0.774 £ 0.0291 0.98
ICOAP* NE 9 (36) 11 (44)
i B sk 0L A aaaa 406)" 6 2ot 0.77
Shapiro RCT 1:]?1}_%: 25k knee pain S A
(2019) saline ICOAP* Ale A 16 (64) 14 (56)
intermittent
knee pain & FAUE 7 28)* 7 29)1 0.23

Bone Marrow Aspirate Concentrate Avplication for Knee Osteoarthritis
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/é]}—gj{ 2] A2

A 1A= A _ a2 =27
e 5 @y Aw S i mp TN
Ale A 435+ 4.6 492 +3.8 0.000
Varmma 2 25 0A0S 17h¥ 69.1 £ 3.4 67.9 5.5 0.107
(2010) RCT tﬂi: 25% Q0L 2704 72.3 £ 2.2 652 +58 0.000
37hd 76.9 + 2.5 64.1 £5.7 0.000
k! 76.7 + 2.6 63.9 4.2 0.000

EQOL, emory quality of life; HA, hyaluronic acid; ICOAP, intermittent and constant osteoarthritis pain; k, knees; KOOS, knee
injury and osteoarthritis outcome score; MFAT, microfragmented adipose tissue; OAOS, osteo—arthritis outcome score; QOL,
quality of life; RCT, randomized controlled trial

" 9 mean + SD = N(%)

¥ Statistically significant improvement (o < 0.05) from baseline to the evaluated follow up

¥ Statistically significant difference (o < 0.05) favouring to HA

$ R&2/718ix01 2.2 50| 40| 20| o= e I3k 0IASLINRS| 220 moderately or worse2 SEBH 2AKHIZ)

3.3.4 XX xR ¥ 1Y B

3.3.4.1 D|MIZXZ A| 0]Al

o)
i

HAEdE Al o]AoA A9 X5 ¢ A Hret IE Ayk= WEH AArETe] 7gkste] 3He] £3
oA ICRS grade®} 2Hoj| A AAH TEAZ2] A€ Koshino staging system O 2 X 15}RAT}

ICRS grade® H113F 3He| EdoA= /\]% - plate A|A AlFolA #EH AARE Aldste] SATET Bl
9] ICRS ©AE SR} 52 WSrh FF ANE R SUHF S7IAE o2 Te] v 2
= B8 Y 5 18H(Yang et al., 2022)0A4] H| -2 SRR F-2J0HA] 7HAE AZHNS R o
(p = 0.040), TF= 1H(Lee et al., 2021)°AE U= dEZ 9 Y= AE 5 ZFoA vlwwo] SR

e A ABS HATAL BISHHTHp = 0.001). vAEEE @5 Aledte] vn AT 19(in et al.,
202D A= %XH—TLQ] B4t ICRS A7t vl H]sf F-ofstA 7AA= ok al B skl o™ (p = 0.035), Al
SHA] AAUTHE 3.10).

= 9
ol

A TEAZ AEHE B 28] E3l(Yang et al., 2022; Jin et al., 2021)°A+= SA1 v 79
Koshino staging system B|WA], 77F -F-2]3t 2}o]&= QIITHIE 3.11).

H3.10 =49 X H MYEE Hak ICRS

AN ST o R CEE S p-value
o Aed  AeE Aed AeR
N 55 3 55 44
Gradet ien 401
Yang o558 ops Grade2 20 (54.1) 30 (68.2)
2 551, 0.040
(2022) hUBG-MSC CRA Grade 3 5 11 (29.7) 3 10 (22.7)
Grade 4 50 5(13.5) 52
B 72430 92422
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AR o 8 ey o] 23 p-value
(EJ&%E) """ }\ """""" }\:_ """"" }\ """""" }\;_ o
A& Al&e A&z AlES
N 48 44
Grade 1 1(3.0) 0(0)
2ot 48
Jin qvﬁH%: 43w ICRs  Grade2 18 (54.5) 12687 131
(2021) MEX CRA Grade3 41 1133.3) 38 10 32.3)
Grade 4 7 3(9.1) 5 9(29.0)
H 7.8 +3.1 6.0+3.6 0.035
N 4 4 32 32
Grade 1 1.4 6(18.8) 0.001
ICRS " Grade 2 18 (42.6) 20624  0.001
MEC 3.9+03 3.9+03
Grade 3 12 (28.6) 6(18.8) 0.001
A 42
Lee q‘?‘iﬂ— 32%:" Grade 4 11 (264) 0001
@o2D) | e e N 42 42 32 32
Grade 1 1.4 26.3) 0.001
ICRS
wrc  GradeZ 3.9+03 16G8.1) 3.9+03 2475 0001
Grade 3 9 (21.4) 5(15.6) 0.001
Grade 4 16 (38.1) 13.1) 0.001

CRA, cartilage repair assessment; hUCB-MSC, human umbilical cord blood-derived mesenchymal stromal cell; ICRS,
international cartilage regeration & joint preservation society; MFC, medial femoral condyle: MFX, microfracture; MTC, medial
tibial condyle

311 =29 X} & AL Hat: Koshino staging system

A1 AR} Koshino: g (%)
_ o] LA} L] -
(%%ﬁE) L.?-EH [o] ?‘TL" %—XHEL H]ﬂ% D VZ]U@
o 2 551 Stage A: no regeneration 4(10.8)
(202% &t 551, Stage B: partial regeneration 12 (32.4) 12 (27.3) 0.057
hUBG-MSC Stage C: total regeneration 21 (56.8) 32(72.7)
Stage A: no regeneration 2(6.1) 5(16.1)
Jin A 4878 Stage B: partial regeneration 15 (45.5) 16 (51.6)
o2 431, 0.187
(2021) MEX Stage C-1 14 (42.9) 9(29.0)
Stage C-2 2(6.1) 1(3.2)

hUCB-MSC, human umbilical cord blood-derived mesenchymal stromal cell; MFX, microfracture

3.3.4.2 BEAULY FAL
A7 FAFPE Oist A= 1H(Shapiro et al., 2019)°4 A& T2 A7|53HIA v 2= 535t
Z]

BN B A, 2 SR YRS A IR0 LU 2 Pl BE T2 4
Aoz, $A7t 248 HYE Ae] Sugo] ot olghAIio] SHASS Ueh ol
e BV YL st A% Y F FAkE vaE BRI T2 9ol Fobile
2k 9f3t Zol QIGIEHE 3.12).
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H 3.12 ZRXE9 XL 2 MHMHE H3k T2 values (MRI)

A1 AR T2: median (min, max)
. A A = -
(ETdE) T T ZA2 H| w2 p-value
MEC Aed 76.3 (53.1, 297.6) 69.6 (41.9, 110.2)
67 82.6 (48.9, 327.4) 74.2 (49.8, 102.3) 0.27
Aed 69.6(52.8, 103.5) 76.2 (44.8, 102.0)
LFC
671 72.1 (56.5, 98.6) 78.6 (51.0, 107.3) 0.95
Shapiro ot 25k A&7 43.8 (29.5, 66.5) 43.4 (35.1, 64.6)
@ iz 25k, MTP .
019) saline oM 42.3 (30.1, 83.0) 43.3 (31.0, 87.3) 0.70
Aled 38.9 (30.9, 52.9) 37.9 (31.3, 62.0)
LTP
671 39.9 (30.7, 68.8) 39.3 (23.6, 57.3) 0.10
Patell Aed 61.8 (49.0, 83.5) 63.5(50.9, 103.0)
R ) 63.5 (40.2, 87.5) 69.7 (48.4, 87.0) 0.78

k, knees; LFC, lateral femoral condyle; LTP, lateral tibial plateau; max, maximum; MFC, medial femoral condyle; min, minimum;
MTP, medial tibial plateau
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D) AlE & 55 AEE B 282 3H0E, 55 AtERd SU4a E7142 oA} vl 3 2ol A
S v T E—‘:r Alg A H| W& W A& T knee injury and osteoarthritis outcome score
(KOOS) 55 -36)

a2 7H/H = 5_1_0}3101,} SAA oS Halshx] ettt MlEEE 9= Als) Blagt 1HoA = S
3} Bl B KSS 55 AT Ale ] FrolstA 7iA(p < 0.001) H U2 skt SAZ vl

9] &5 A5 BlaL Al Z1E ROl Afol= §l9iH

N
k)
_l
%)
=
o
¢
e
o
=
3
(SN
(o)
~
w
"11

6) questionnaire A4 35 &<, knee society score (KSS) 5%

rlr 401'

i) €84 7|5 WA 232 2 B9 3N S vlud 25 38 7)s M<(international knee
documentation committee (IKDC), Western Ontario and Mcmaster Universities Arthritis Index
(WOMAQ), KSS 715, KOOS $4, KOOS 4/ 34& =358, KOOS AX=/0j7}, SF-36 AlAA7 49,
Tegner EFAh= Al o 2AFACH, BAH Fod2 o T 1HAA EASHHHp < 0.001). SAT
B9 £ 715 A A BlaA], 21 ROIR Aol i

i) 491 2 A4e DA Aokt 190] BRI Husigon, Sz vuie] 4] F HHKOOS 4
4, SF-36 A1 FHRA ROPE A% Hol B3] A% ol FYHIA0H, BAH foIHS HusHA Uit F
At vl we] 419 A A4 HlEA, FF R2I% Aol floieh

iv) 229 2§ 9 A Freot I Axke TEF AAREe] Z]8tsto] 39| 304 ICRS gradeQ} 29
oA AAE TEAZS AEE Koshino staging system©.& ®H 115t} ICRS gradeE gk 3HO| &3
o= Ale F plate AlA AlHoA TET HARE Alste] A2 H|wwt2] ICRS ©AE S -2 B+t
AE vastnh. 55 AHERH 09 714X ol v A3E Hirgt 3 5 1HoA v
SATEY FolsHA 7iAE AEAS R oHH(p = 0.040), HE 1HIAE WS diEE 9 "Hé 3= %
HIRoA H] W Fto] SAEET 3t AE S EATHL BstHp = 0.001). HAEEE T Aleito
H AT 1HoA= SA4w] B+ ICRS 47t Hlaltol Hls) folotA /A=t Balslow(p =
0.035), Al A% SAA HSS BasHA] gttt AdE HEAE AHE gt 289 £3o4 = SAE
H] 2] Koshino staging system H|WA|, 7t 7-2$F Xlo]& gl

HAEEE A o149 fR4 Aot BRstel 29Ul A7t B4 T HHEY 0B S A oA BF
3} &3 7% AAle] Qi Fiso] 9l A0 HolAe AZ Ao et HIHE ISl Al 2
A%t 5=, Q] Tﬂ 23] oo} @A) AlHIA 5 7149) SAAE TR T DA Rt

L ojolgict,

d|

HEZU FAL

o)

AW A Fad AYE AR £ F 9HFESEE B AGAIE 7, R E A 24)
BluAlE2 B4 S5 (platelet-rich plasma, PRP) 3%, S|&F24t 24, {loFiz<(Fat A=A

%) 29, A7F €3 (autologous conditioned serum, ACS), BJA| A[H}F22] z} 1Ho|Q]t}

H




)53 2 HolQlt}. visual analogue scale (VAS)Z S35t 552 (HO] F3lojA]
FSAR v I B AlE T2 A A B A4 HAS BAstg o, o5 3HOA Ale H39
A 7994 A5 A 7 VAS 55 A9l fogt 2ol Halgt Fd2 4%‘4_ , S|EFEA
ARz 29| £RA0A, PRP AL A7F @4 A9 B2 =0} vl et ZF 1Ho|A 2F 23 AlFNA SAE
9] VAS 55 A4Vt 9o 7RAEIRSS Halsttt knee injury and osteoarthritis outcome score
(KOOS) &5 & Wohs Hiljlt E92 40 R, SAT Bl BF Al & 2S5 W AIHoA 55
o] W& Harstglon, o]F 2HoA Al A5 SAA Fod< Hilstilth Al A} wpx|uf =23 *]
KOOS 359 &7t Aol= FA &y} vk 3 184 SATY H57t AL E FoJsiHA =oF 55
M A=t =& 2105 SRIF AT WOMAC §5-2 1HlAl PRP AR} Bl wA] SAT} Bl st 25 /\]g
T 247097 B A4 A Barstlon, 21t Afoli= AAISHA] ¢kttt intermittent and constant
osteoarthritis pain (ICOAP) total pain A5 R113t 1HO| EJoAE eF 23} H|L A] Al & 1270
H7HA] SARE v B RO5H 5 A7t AT Bustgion, AT o] 55 A
H| I A, 27F 9]t Zfol= fiiH

E
o
A
(oL
oN Mo
\O

i) 84 7|5 N4 THEE ik 9H9] E3oA Eastyl o, IKDC 384 H4= Hoks Bk F92 3
Hog FATHY I B Al A ] Al & 25 T AFNA B 715 d49] JiAe Baskgion,

o]F 2HoA A& AT FAA KA A= AASIT. 7t 2ol 1HOA 5| FFE2A4E AR} H| A] 1}
A FATE AFoA SAEY A7t AR Fo5HA &0t 715 /M A=7t w2 A0E SRlEH.
WOMAC #e= 5743 ¥ 752 389 £HlolA SA vt B 8 7153007t Al Aof Blsf Al
& ol TAEGeH, A& AT FAA oS HilskA] otk ST} Bl ate] IE7]5 HIIL A] A7F
G4 FAR B RSt 28 19 9 S| EFEAE FARLY Bk 1HOA = Ale & SAEY] WE 715807t
OJstA M= U2 Harstyiet. KOOS B 7|5 A4 HolE Hijt £ 4H o2, SATY v+ 25
Ala T 25 T A-oA KOOS #H4E 7158 5(KOO0S overall, symptoms, activities of daily living,
sport and recreation)?] 7HAS B8t 0, o]F 2HAA A& HE BAA oA S-S AASHATE Al
< A3 vpA|9; 2223k A] KOOS 4 715 Aa9] 27t Apol= 4H 9] L34 HAstiet. S| U224 A}
w7} Bt F3 1Ho A= SR B Vs AR SAF LR o5 w8kt EstloH(p =
0.002), & 1#HA= KOOS AZ=/017F H47t SATOA Al & 2ot /A= 2= Earstithp
< 0.05). 4HA| 28] Ao A= 27t -Fogk Apol7t QIitt. 75 559 &5 = Algtol gt 2= &
A 7159 A ArE B7IRE 189 R0 = F & BFolA 715 ool gt 7iAds Eloy, 7t 7o't
Atol= AT

i

<

A

iii) 49 A2 4HolA HAstet. S|AREAE FAR Bl S A 1HoM = SAT s 25 Ale Aol
44

B
Hsj| Al& £ 419 & Hp7t FolotA FFERH(p < 0. 05) T2 EE Al A& 5 6711 AT 9] 4]
= vlagto] F-9oHA FFE AT BUSHATHp < 0.05). Al X232 FARF Bl IS E A 1H
A FARE v BE Ale A vlaste] Ale & 49 A Jer FIE AL KOOS quality of life
(QOL), emory quality of life (EQOL) mobility, EQOL pain /discomfort, EQOL composite A| A%t
SARCE Folstalon, w1t 49 A Hee 1R Zol7t glolth. flofi 2wt} Hlw et A 1HE X&4

=
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i) £29) 216 9 A HEo BAE AvHe 1A P T2 A1BEGN Y Ane B9 GAetd A
B2 AN A 1Y 5 ST Hl LT DA T2 Skl oriom ok aaue) vl A, 2
FoJ3t Aol gioict.

WA FAHe] Fad 2xet Bedste] 29d3)e teed] FA9HIA HluddAdS 272 sEd ot
71&0] FAARGIEFEAL 59 vl A F5 245t 9 B 715 A fARE =0l At e Aer B
AEoHR V|E7eH a4l Tt Brolke fraEAel Sle VIeR Ao # Jve HE 1LHs §
71&9] a7} BFISHA|E Qkot @A|9] TSR0 A & 7|40 S A% o1yt 2 gtk ool

ohet, 29198 & 71ed AR el dish that 22 A AlASHIT AAT AR g dRAKKL 1 ~
458) FKL4 552 &4 A7t 285 5 71eR 55 93t 2 ¥4 75 S 7Idsh] of¥ L, KL
1539 35 B M AAE G SEE 0] Qs FPolER A A= 7e B4 9 989 7IsdS 19
sto] & 71&9] AP 4852 WE EWEA ICRS 3 ~ 4 =KL 2 ~ 3 SHLE Aske 2] Basitt
+ Aol

webA, 29)98)E oleidt BAA 24 Erjz ot Zo] AE AuE At
55 ZAY BRI B4 T 5EE 482 55 TVAACRS 3 ~ 4 EEKL2 ~ 3 53) 842 1
Ao nAZES A AL B B $HES oAt RN ST 55 48t 2 /)% AAe] glo] e

nxslo] ofale 17t o Wast 9Alo) ez

(@)

e I A oA 9] I &R 5= 82 F5 ITHEAICRS3 ~ 4 EE=KL2 ~3 58) EAE U
T
o

Yol A7 24 39 528 FATo 2H Hude] 55 98 9 7% AJAdo] Qo] st

o271 H7 sl AlolR 14 m o] Tt 12 AR A1) 9A 52 BwEd BRI 24 F
Q552 1870 g A998 PE AT 2Ast0] T} o] A2Jst%r2023.5.26.).

T2 ZTEYE SR04 9] ¢ &9 525 F 32 £ 2 ZHEA(ICRS3 ~ 4 EF=KL2 ~3 59 &=

Aoz i) uAEEE Al AP ¢ &9 5HEE o¥gto g &30 55 ¢3¢ 7|5 Al Qlof o

AL 8 75T EolY, GaA4S sl ol £33 A7 &S] o}2l2 vl o " Qs vhA 9] 7]
A= e}

FAGC =N 1Eo 55

(@)
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(Kellgren-Lawrence grade) 2 ~ 3 539 sigsts 22 234 d 3t

JERIE
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KoreaMed 1 (('osteoarthritis'[ALL])) AND ("stem cell"[ALL]) 1 29 Foj=ak A4
2 ((osteoarthritis'TALL]) AND ('concentrate'[ALL]) 0 4
AA 1 33
i 1 AA: osteoarthritis CAND) AA] : stem cell 1 94 M ol
f)-_]'./\ 7@ Ho i - o SR =
SESE 2 wamEe D B T o g CHEESED)
A iti A
3 AA © osteoarthritis C(AND) 24| 0 142
concentrate
4 FA WEL AND) AA 5= 0 3
AA 1 247
k& o] 1 AA| = osteoarthritis AND ZA| = stem cell 1 15 AAAAA o]
o] A A . i = s} A
3 AA| = osteoarthritis AND A = concentrate 0 58
4 7A = IEF AND A = 55 0 1
AA 1 79
Fo} 1 osteoarthritis AND stem cell 0 =5 a3 ol&
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By 0 17

50 Bone Marrow Aspirate Concentrate Avoplication for Knee Osteoarthritis



gy 24
I = il e E N | Ao o5 Ll H|a1
E(®)
=] S= R 1 [ALL=osteoarthritis] AND [ALL=stem cell] 1 49 =S EM
Q _7y]ojt
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=219 79 Ovid-MEDLINE, Ovid-EMBASE, Cochrane LibraryE ©]-85tlt}. Mol:= MeSH 8012}
Z} glojefEo] 2] ARl -2 E/E sl A5t

Ovid-MEDLINE
T A AMof HAEH ()

Patient 1 knee Osteoarthritis.mp. or exp Osteoarthritis, Knee/ 31,107
Intervention 2 bone marrow.mp. or exp Bone Marrow/ 293,147
3 exp Stem Cells/ or stem cell*.mp. 452,386

4 concentrat*.mp. 2,549,200

5 3or4 2,976,156

15% 6 2and 5 95,807
P&I 7 1 and 6 233
MEDLINE 233

Ovid-EMBASE
T A Ao AHERA ()

Patient 1 knee Osteoarthritis.mp. or exp Osteoarthritis, Knee/ 45,901
Intervention 2 bone marrow.mp. or exp Bone Marrow/ 544,885
3 exp Stem Cells/ or stem cell*. mp. 724,542

4 concentrat®.mp. 3,148,225

5 3or4 3,827,892

I 6 2 and 5 190,486
P&I 7 land6 394
EMBASE 394
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Cochrane Library

T A Mo HAEH 4=(H)
Patient 1 MeSH descriptor: [Osteoarthritis, Knee] explode all 5,892
................................... trees
Intervention 2 MeSH descriptor: [bone marrow] explode all trees 740

3 ("bone marrow"):ti,ab,kw 16,952
4 ("concentrat*"):ti,ab,kw 162,820
5 ("stem cell$"):ti,ab,kw 14,768
6 MeSH descriptor: ['stem cells] explode all trees 1,118
7 #2 or #3 16,952
8 #4 or #5 or #6 176,530
15 9 #7 and #8 5,796
P&l #1 and #9 50
Cochrane Library (Cochrane Reviews + trials) 50
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5.1.2 XI2F& U8

1. Anz(2022) & Anz(2020)

T W&
AFEA = AFFH RCT
» A7]7E 2013.12. ~ 2020.2.
= At=7h vl
» 717]3: Baptist Hospital(Florida)
ATEZA FE ITEG FANA I T s=HBMAC)T AT 4% FHEEHPRP)S] HEFY FAF &3
v, 19(2020)/24(2022)
At w A
- A g B S 41 841
- A E/3: KL grade 1 ~ 3
BMAC group PRP group p-value
N 457 39
(/) 27/18% 22/17
Uo|(H+ + EFHAD 55.8 £ 11.3 52.2 £ 12.4
BMI(H+ + FEHA 27.7 + 5.0 kg/m? 27.9 + 5.8 kg/m*
KL grade 1.8 £ 0.7 1.9 +£0.7
LIRS PR
- 18 ~ 80A
- 4-view WA A2 2 A F4 1Y S B2 55 T FE0 =KL 1 ~ 3 55 S/
n A7)
- +¥(varus or valgus) & stH] tiet 8 71A1A & HAP7F 50% o)/l T}
- 3711 o] ZEHIAHEO|E FA = 671 o] HA A A58 -2 ¢
- S, A7PAGAS WAL B a3k A FrtEA HEd, S BEHS A9 B
H, AFEE 55, HEE B S dAIEH, 9] Y, 13 S Tdd A% k= 83 4E
W, A E= 7 A
AT w A& BMAC TEW FAF(13]) » H|WAJE: PRP HEZZW FA4H(13)
1) A7F =5 AH - leukocyte-rich PRP (LR-PRP)
- FAUE & SAAEFNA 60 mL =5 25 - YAHEY ¥ F PRP & 7 mL
2) e 2 55 - 250} Foh IR A
- A28 719 PureBMC; EmCyte
- A& 2]7]: PureBMC; EmCyte Corporation
- centrifuged at 3800 rpm, 2.5%, 7%
- AT ET SR ESE T mL
3) A7t &5 & 5= A8
- 250} RSk AT A
= Ay
- AT HE A A AlE$1,3,6,9, 12, 18, 2471¥
= SERE(EE): BMAC 15 48(E933] 1, F5 & 1, ¢ D, PRP 1% 19FE )
m - 7k Apol: QIFSAISA £ Folgt Ato] gl
Fd4d = NR
At
84 = A £ ZEHAD
A3t
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SE5 Ml 25 22 U (BFE
& He
- BMAC group PRP group
AE (N = 45) (N = 39)
WOMAC pain
Ale A 7.0 +3.3 6.2+38
1714 3.9 +3.4 3.8 +3.3
3704 3.2 £3.1 3.5+3.1
6714 4.1 +4.0 26 +2.7
o7i¥ 32433 3.5+35
12714 3.5 £3.1 29 +£3.1
1871¢ 3.7 +£3.0 3.2+28
2471Y 3.8+ 3.4 3.7 +3.4
“Significant improvement from baseline (o < 0 .05)
» S04 7 HAETE + BEEEA]
BMAC group PRP group
A (N = 45) (N = 39)
IKDC
Nl 45.0 + 14.2 47.4 + 16.6
171 58.5 + 18.4 58.4 + 19.1°
371 63.6 £ 16.7° 61.6 +17.5
671 63.7 +21.4 65.0 + 19.1
97l 63.7 £22.9 63.1 £19.2°
12714 64.3 + 20.8 63.7 £ 19.6°
18714
24714
WOMAC total
Ale A 353 +18.1 32.1 +17.9
1714 19.8 + 14.3° 19.5 + 16.3
37h4 15.2 + 13.3° 18.2 + 15.3"
671 19.4 + 18.6° 16.2 £ 13.6°
97h4 17.6 £ 16.1° 184 +17.1
12714 19.4 + 16.2 16.8 + 16.9°
1871¢ 18.7 + 16.0 16.3 + 13.2
24714 20.8 + 17.1 19.8 + 15.2
WOMAC stiffness
Ale A 3.8+ 1.6 3.4+ 15
1714 21+£15 21+ 14
3704 1.8+ 1.5 1.9+ 1.4
6714 1.9+ 1.7 1.7 £ 1.4
97h4 21+1.6 1.8+ 1.6
12714 23+1.6 1.8+ 1.5
18714 21+1.6 1.8+ 1.5
24714 22+15 23+ 1.7
WOMAC function
Ale A 229+ 13.2 21.3 +12.5
171¥ 129 +£9.3 127 + 11.8
3714 9.5+ 9.3 122+ 11.4
67/Me 12.5 + 12.4° 112 +99
97h4 115+ 11.1° 124 + 12.2
12714 128 + 11.6° 113 £ 12.2°
1871¢ 12.0 £ 11.3 10.6 £ 9.0
2471 13.2 £ 11.9 12.1 + 10.7

*Significant improvement from baseline (p < 0 .05)

= Dapx
ﬁ—lE—J_|-4

XM B EC 552 M8
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T= W&
- #7HIKDC A4 Bat Ae]ofli= 7203t &po] gl2(p = 0.9 95% CI, - 6.26 ~ 7.03)
- 72 WOMAC 4= Bt Atolofli= 23t &o] i2(p = 0.78: 95% CI, - 6.26 ~ 4.77)
- 3/ 7HAIKDC %4 3 @ WOMAC 4= )= Ale 3 371l A=A, FAF S 24704

B AEE R oH o Ao M= 7t F-oJH|Rk Alol= gl

et = g A -

m 0|34} 5 EmCyteAl Funding ¥ &% A
BMAC, bone marrow aspirate concentrate; BMI, body mass index; Cl, confidence interval; HA, hyaluronic acid; IKDC,

international knee documentation committee; KL, kellgren-lawrence classification of osteoarthritis; NR, not reported; PRP,
platelet-rich plasma; RCT, randomized controlled trial; WOMAC, western ontario and mcmaster universities arthritis index
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2. Boffa(2022)

T e
AEA = AR RCT
m 37|17 2016.5. ~ 2019.7.
= AF=7k ofgE ot
» J7]3: Rizzoli Orthopaedic Institute (Bologna)
A7+EZd  HE ITEY oA S5 F) 5FABMAO)T o|EFE4LHHA) S T3 FAF 23 v, 29
Athd  w A

- A S B8 2EY B4 56

- AL EA4: KL grade 1 ~ 4, B S449] 4= 72 oA
N 56
E(H/A) 35/21
Uo|(B# + EFHAD 57.8 + 8.9

BMI(E# + EEHA)

27.8 + 4.3 kg/m’

BMAC-Treated Knees

HA-Treated Knees

(N = 56) (N = 56) pvalue
Side(right/left) 29/27 27/29 ns
S A&7 1ZHE T + BFEHAD 62.1 £51.5m 60.5 + 45.6 m ns
o] &(%) 32.1 26.8 ns
Grade 1:2 Grade1:1
Grade 2 : 33 Grade 2 : 42
KL grade(N) Grade 3 :18 Grade 3 :10 ns
Grade 4 : 3 Grade 4 : 3
IKDC subjective 48.5 £ 16.5 49.5 + 16.6 ns
VAS pain 6.2+1.7 5.7 £2.0 0.006
KOOS pain 62.6 + 19.0 65.0 £ 19.1 ns
KOOS symptoms 68.0 = 19.8 70.4 £ 16.9 ns
KOOS ADL 67.4 + 19.5 69.4 + 18.6 ns
KOOS SRA 34.7 £ 23.6 39.0 + 23.9 ns
KOOS QOL 35.7 + 15.6 36.6 + 18.8 ns
EQ-VAS 609.1 £ 16.8 69.1 £ 16.8 ns
Tegner pre-symptoms 39+1.7 3.9+1.7 ns
Tegner pre-treatment 27 1.1 27 +1.1 ns
 dg7)E
- 18 ~ 75A
- KL grade 1 ~ 4 539 40| 9= 54 =249 S+

- Ha 27049 HEA A 5E A F¢-

- 32 T Fofd 4= Q= S

m A7

- BMI > 40

- 6704 oW 2} = AW A N EE T2 B8
- %9 7|AA 2 #\A} varus > 10°, valgus > 10°

- b4 B, FulElA WF Bl 2UEA O Fugs 2 HA S, A At ol 2L,

OFE Fi ok 8]
" 7]epr

e, Beio] gl 84

- block randomizatione &%t dA8437] ARE F2HY] iR (3HE 750l BMAC FAL oS &9

HAZFAD

25 STEYE SN = B2 552 M8
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rE

= Z7A% BMAC 3HE7 FAF (13)
) 1}7} Z5 A
20k & 9= 29 FZ Z7hdolA 60 mL

2) %Q—F_‘—ﬂ 9255
- Z5AE8 7|3 Bio-MAC Bone Marrow
Aspiration Catheter system®
- YAEa]7]: Bio-SPIN™ Magellan®
-AFALEF SR ESEO6mL
3) A7t & F 5E5E A8
- 255 R glo] WA Ak

= H|WAIE: HA 373 FAH(13)

- Hyalubrix 60 mg/4 mlL, Fidia
Farmaceutici S.p.A., Abano Terme, Italy,

J"\ o 2 6 mL

- 28w} glo] WA 74}

" Ay
- QU Wk A% A, AE T 1,3, 6,12, 2470
- bl W7k A& A, 2470

» 2RFE(EEA): BMAC T15F GHIGRAAIR 5, JIe38EA|gkE 1), HA 15 72(GAL6, A= dEs 1)

" T 2ROl Alg

A, VAS EZ(p = 0.006)S A3t HE EX

é Ezl ] c‘v:]

R

R

» Azt 2 e
n Fu)sl HzRgo g = 770|A]

|}, ST At ANS BASH %

FALE 59 o] IRt 5
T 470 F2(7.1%), HAT 37 F-2(5.4%). o]2|3t =& Hzgo

J—]‘ BZ(swelling)& EISHBMAC
< A 2o Tl

A, A7} AgHA

" FSUA(HA £ BEHA

BMAC-Treated Knees

HA-Treated Knees

e (N = 56) (N = 56)

VAS pain

3704 WA -25+25 -22+24

671 7HA -24 4272 -23+25

12719 A4 -22426 -1.7+25

2471E 7hA -22426 s -14+28
KOOS pain

3701 A +11.8 £ 16,5 +12.2+17.3

671E 7hA +11.6 £ 16.5 +10.5 £ 19.4

1271 744 +9.4 +19.5 +10.0 + 20.9°

24704 744 +9.0 £ 19.7° +6.0 £ 20.6

“Statistically significant improvement (p < 0.05) from baseline to the evaluated follow-up

¥ Statistically significant difference (p < 0.05) favouring to BMAC

» ST s MAETE £ EEHEAD
- BMAC-Treated Knees HA-Treated Knees
L
(N = 56) (N = 56)
IKDC subjective score
37 WA +12.3 £ 15.1 +13.1 £ 15.4°
67 7iA +10.5 + 15.4" +12.4 +18.1°
1271 744 +9.7 +19.2° +10.0 £ 18.9°
2471E 7RA +9.8 £19.1° +5.9 + 18.7°
KOOS symptom
3714 WA +8.1 £ 15.0° +8.3 £ 13.0°
671 7iA +72+17.1 +7.2+15.1
12704 714 +5.6 + 16.7 +6.5+ 155
2470 7hA +4.8+16.8 +4.5 +16.9

KOOS ADL
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5E5 MHE 91 28 Y AEFE
& W&
A% BMAC-Treated Knees HA-Treated Knees

(N = 56) (N = 56)
3714 7HA +11.4 + 17.0 +11.8+17.0
671E 7hA +11.5 + 16.8 +11.4 +17.4
12711 744 +9.8 +18.9 +95+17.8
247019 A +10.5 + 18.4° +7.8+17.3

KOOS SRA

3714 7HA +14.4 +21.5 +13.4 +19.8
671 7hA +12.4 +20.8 +10.9 +22.4
1271 744 +13.8 + 23.4° +10.7 £ 24.7
2470 74 +12.3 £22.5 5 +4.7 £ 25.0

jStatisticaIIy significant improvement (o < 0.05) from baseline to the evaluated follow-up
Statistically significant worsening (o < 0.05) from 6 months to the evaluated follow-up
¥ Statistically significant difference (p < 0.05) favouring to BMAC

. 3 WP + EEZAH

A

BMAC-Treated Knees

HA-Treated Knees

(N = 56) (N = 56)
KOOS QOL
3704 74 +16.3 + 20.0° +17.1 £ 19.7
671 7hA +14.0 £ 20.8 # +18.9 + 19.8
12711 744 +15.1 £20.1° +16.2 +23.1
2470 74 +18.1 + 25.9° +16.2 + 25.2

" Statistically significant improvement (o < 0.05) from baseline to the evaluated follow-up

# Statistically significant difference (p < 0.05) favouring to HA
- 3= BMAC @9 #E7 AR S4°] Sl 75 SE 2AollA 2d 2471E7H4] A3t o
A 7§4S B9l 184 HA (viscosupplementation)@t H]6to] 3-0]u]gt 9-¥44-S Ko7 ¢k&
ek wA WA AT 1+
mo|F 5 e

ADL, activities of daily living; BMAC, bone marrow aspirate concentrate; BMI, body mass index; HA, hyaluronic acid; IKDC,
international knee documentation committee; KL, kellgren—lawrence classification of osteoarthritis; KOOS, knee injury and

osteoarthritis outcome score; n.s, nonsignificant; QOL, quality of life; RCT, randomized controlled trial; SRA, sport and

recreation; VAS, visual analogue scale
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3. Vitali(2022)

T (hEes

AFAEA  w ATRF ATFH IJE
= J471ZE 2017.12. ~ 2019.1.
» At=7} olg o}
» J727]3: [RCCS San Raffaele Hospital(Milan)

A=A 7| F5 S0Ed EXoIA 2 S5 F91 sS5HBMAO)T 43] A7F EH(ACS)S] W AL
a9 vy, 670Y

At w A
- IR o B A S 241
- A 5/ KL grade 1 ~ 3

BMAC group ACS group p-value
N 121 121
(/o) 5/78 6/6%8
Uo|(Bd + EFHAD 57.92 + 15.74 59.67 + 14.2
Right side(N (%)) 8 (66.7%) 6 (50%)
Left side(N (%)) 4 (33.3%) 6 (50%)
= dg7)E
- 65A] m[gt
- BEA A7) ¥R3oHA] o= v & 55 A
. AR
- 75 B, v A& &4 AlgE 88, 23+ (flexion contracture) 10° & Z3Fot= 7
% KL grade 4, 937 WA Frtela TEd 2 A8 F59), 456, Y 48, HdF
2, 254 4 2 Aol 24 Ao} B4
= JlEbAl
- 3R] A -8 rot A 27]E defsto] & Hi
A7y m SAAE BMAC TEZUH FA4H(13) = H|WAE ACS T A4 (43)
1) A7} =2 3 - 50 mL A&of|A ACS &3t & 7AIZE vl
- =43 F B 60 mL B4 A3 - ANEe  HF 8% 3 mLA 47) B
2) e 2 55 - 250§ glo] T ALY 114

- 254 8] 719t SmartPreP2 Bone Marrow OF 43))
Procedure Pack

- YAEE]7]: SmartPreP2

- centrifuged at 2800 rpm, 15%&

-FHFT A EFE TR EFET ~ 10mL

3) At ES & 5E5E HE

- 250 §5% Qo] a7 A

= AT

- g F7E Ale A, AlE = 1, 671E

= SERE(EEH): gl

= Aol AFEATA B4 fofat Aol gl

Pdd = NR

e
REY W YRR + B
43t
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SE5 MEE 28 22 Y XBFE
TE= 8
- BMAC group ACS group _
A (N=12) (N=12) p-value

VAS

Ale A 5.96 + 1.86 6.83 £ 1.21 0.187

1714 3.38 + 1.97 438 £ 2.03 0.234

6714 2.42 + 2.35 4.54 + 1.90 0.024
n STE 75 NACET + EEFHAL

BMAC group ACS group _
A ®E (N=12) (N=12) p-value

WOMAC

Ale A 60.42 + 16.30 69.92 + 10.26 0.101

1714 37.50 + 12.22 57.90 + 14.84 0.001

6Me 20.55 + 15.41 58.79 + 14.84 <0.001
ROM FLEX

Ale A 121.67 + 16.28 114 + 28.95 0.432

% 128.67 £ 12.3 116 + 30.29 0.193

6714 135 + 7.98 118.33 + 30.1 0.077
ROM EXT

Ale A 5.58 + 7.60 1.92 + 3.61 0.151

7hg 2.08 £ 3.97 0.42 + 1.44 0.193

6Me 1.25 £ 3.11 0.42 + 1.44 0.409
- 67119 574 RAJA] ACS 150 B3] BMAC Z139]4] NSAIDs AH|7} @A|5HA 74AagH
- &< BMAC Y AP 27] 75 S3HE A9 A= N804 o U2 235 e

7€k = 3 Y7} A} 2+

- olohE 5 e

ACS, autologous conditioned serum;

BMAC, bone marrow aspirate concentrate; EXT, extension deficit; FLEX, flexion degrees;
KL, kellgren-lawrence classification of osteoarthritis; NR, not reported; NSAIDs, non-steroidal anti-inflammatory drugs; ROM,

range of motion; VAS, visual analogue scale; WOMAC, western ontario and mcmaster universities arthritis index

XA S| E
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A
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4. Yang(2022)

AT 5FH IS E
A7k 2014.6. ~ 2018.9.
AF=7}k g
A7 sk Addistw
AiEzx B2 Ay 3RoA 29 AZ FZE(HTO0) T, 24 591 5=HBMAC)T Q17 HEF N S
2719 7|1 Z(hUCB-MSC) 0|4 23} v|m, > 29d
AFeg w A
- gARF 4= MOHTOE Al98st 2349 34} 1109
- AR EA4: KL grade 3, ICRS > 3

BMAC group hUCB-MSC group p-value
N 557 557
(o) 3878(69.1%) 427(76.3%) 0.391
uol(F+ + HEHA}) 55.0 + 7.3 56.4 +5.3 0.310
BMI(E+ + EEWHA}) 27.2 £+ 3.9 kg/m* 26.8 + 3.2 kg/m? 0.512
FATA7IIHEAF + EEHAD) 342 + 8.4 /WY 31.0 £ 6.0 N 0.111

n AE7)E
- 40A]| oA}
- MOHTOS} $H4 BMAC F+= hUCB-MSC 0]41& 435t =4 a=f

n HjA7]E:

- 52 25 LROM) 100° v|Th, =Z=(flexion contracture) 15° & Z3ok= H-¢-
- 59 /Mg o) FFE F= ICRS 2 o]9] H#o] = 8%

- A9 B ) ARl £

- P e BEE B 95 EEY

- SR 7)7bo] 2 w]Rkel B

= 7ERALR:
-/, A9, BMI, MFC 2% 7|0 W& 43k A w3y & 4 55 A3
AFHH  m ZRJA]& HTO + MFX + BMAC » H]TA]&: HTO + MFX + hUCB-MSC
D) A7t =2 G - 7}El28(Cartistem) A&
- HFuk3 S OiE AE5014 40 mL 5= 25 - hUCB-MSC&} HA sio|=24 EAIE A
2) AR 5= = A% =g Frgof o] A%}

- centrifuged for 4 min at 2500 rpm
A7 B 5O 55 E 48
- TEE AE sjxjo] @< BMACE 9= 4%t #
ol o]A] & wB Y T2 117G
= Ay
-G Wk Al A, HEF
- 9 B7E Al A, Als
- BEA Bk Al A, Al
» ERHEE(EEAND):
m ot 7k Apol: QIFFEAITA B4, Al A4 dHlold A foJ3t Aol gl
PR w ARSI B gl
A7h = BMACZOIA A% T 4H(1%) Husiot, 2748 T vl d 22 % slug
84 = AL £ ZEHAD

23}

1543
!

1,3,6,12719, o]& 115_‘:’}"4{HTO a3} é—?g)
1.44(plate A1A A1)

2

-{O‘t -lOll
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o265 MojE 23 22 U N25E
=2 &
Ale FE 34 &
A% BMAC hUCB-MSC __ . = BMAC hUCB-MSC .~
(N=55 (N=55 % (N=55 (N=55 7
KOOS pain 423 +37 414 +65 0408 81.7+6.4 83.1+83 0.119
SF-36 Bodily pain  39.1 + 6.1 385 +9.8 0.310 68.2+89 684 +86 0.663
n &7 V)5 RA(ETE £+ BEEA
Ale A g 34 T
A% BMAC ~ hUCB-MSC . =~ BMAC  hUCB-MSC __ .~
(N=55 (N=55 * (N=55 (N=55 %
KOOS
Symptoms 409+51 395+£69 0346 792+75 794+88 0.748
ADL 520+ 7.1 515+84 0430 824+50 831+58 0.393
SRA 23.8+£7.0 23.7+9.2 0230 62.0+11.9 63.2+10.7 0.256
SF-36
SF-36 PCS 422 +35 415455 0624 647+59 654+79 0.073
IKDC 36.2+30 354+55 0.253 728 +£58 73.3+98 0.092
Tegneractivity 53 .09 22208 0109 40£05 41205 0858
scale score
= 5 A(Hdt + EFHAD
Ale A HZ 4 HE
|3 BMAC ~hUCB-MSC __ . = BMAC ~ hUCB-MSC .
(N=55 (N=55 7 (N=55 (N=55 °
KOOS QOL 31.1 +48 29.8+63 0.152 72.4 £ 6.8 73.8 8.7 0.279
SF-36 MCS 57.2+80 57.0+9.2 0978 064.0+8.7 064.7+88 0.320
m 229 X5 9 PFY =
- a7 W7k g 17702 3 plate AlA A-N%), B + EEHAD
— BMAC hUCB-MSC
b _
2 (N =37) (N = 44) pvalue
ICRS CRA grading system 0.040
Grade 1: normal 1(2.7%) 4(9.1%)
Grade 2: nearly normal 20 (54.1%) 30 (68.2%)
Grade 3: abnormal 11 (29.7%) 10 (22.7%)
Grade 4: severely abnormal 5(13.5%) -
Mean score 7.2 3.0 9.2 +2.2
Koshino staging system 0.057
Stage A: no regeneration 4 (10.8%) -
Stage B: partial regeneration 12 (32.4%) 12 (27.3%)
Stage C: total regeneration 21 (56.8%) 32 (72.7%)
- ICRS CRA, Al& & EIHIKDO)2] A (r= - 0.337; p=0.002)
7€k = 4 Y7} A} 2+
= O[5S 5 Yl

ADL, activities of daily living; BMAC, bone marrow aspirate concentrate; BMI, body mass index; CRA, cartilage repair
assessment; HA, hyaluronic acid; HTO, high tibial osteotomy; hUCB-MSC, human umbilical cord blood—derived mesenchymal
stromal cell; ICRS, international cartilage regeration & joint preservation society; IKDC, international knee documentation
committee; KL, kellgren-lawrence classification of osteoarthritis; KOOS, knee injury and osteoarthritis outcome score; MCS,
mental component summery; MFC, medial femoral condyle; MFX, microfracture; MOHTO, medial opening wedge high tibial
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osteotomy; PCS, physical component summery; QOL, quality of life; ROM, range of motion; SF-36, short-form 36

questionnaire
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5. Dulic(2021)

T= ue
A4 = AFLFH: RCT
= 7717k 2016.4. ~ 2017.12.
» A=7}: A =H|of
» 37|12 Clinical Center of Vojvodina

A7EH £ TUAY B B4 T FZABMAQT SILTEAHHY, A7t BAT ERBHPRP))
A7 A 23w, 19

Ardig w A
- 3R o B IEEE B/ 1759
- gA E4: KL grade 2 ~ 4

BMAC group HA group PRP group p-value
N 1117 307 34
(/o) 57/54 13/17% 15/19% 0.624°
Uol(E¢ + IFHA)  56.9 £ 10.8 59.4 + 14.0 58.8 + 11.2 0.485%
BMI(B+ + 22D 28.61 + 4.53 kg/m?® 29.98 + 5.24 kg/m’* 28.47 + 4.54 kg/nt  0.323°
Grade 2 49 (44.1%) 13 (43.3%) 12 (35.3%)
KL grade Grade 3 46 (41.4%) 8 (26.7%) 12 (35.3%) 0.155°
Grade 4 16(14.4%) 9 (30.0%) 10 (29.4%)
VAS pain sting 3.52 + 3.07 3.97 + 2.30 4.47 + 2.64 0.228*
VAS pain injection 3.59 + 2.85 3.57 £ 2.21 4.56 + 2.69 0.178*

?0ne way ANOVA
b Pearson Chi-Square

n He7|E

- 40l 9 49l g 2

- KL grade 2 ~4

- 4 127885 A&H S480] U= ¢

n HiA 7|

- 55 B34

- At JE EF

- FOFE A BE A 9 R HE5da 22 954 HEd
A

- AT ol s EF, ST, AET 2 714 A 4 1 2 WY 29
A w FAAIE BMAC AU FA4H(18) = H|WAlE PRP TEZY AF(13)

1) A7 &5 AH - leukocyte-rich PRP (LR-PRP)

- =Aauh] & A AEo)4 80 mL =5 A - AR A

2) YHEE 9 5=

" ETHHE 71V NR - Cartinorm®

- YAHEF7]: Arthrex Angel - .

- TAES) Arthrex Ange -5 18], 3% B9 & 35 24
S AL EF &I sEE5~6ml PR ET

3) A7t B4 B 5EE 4G SRR

- PR A}

= "] WAl HA S8 A1 (33)

e
- QU Wk A% A, A4 F1,3,6,9, 12709
» SelE(RAR): NR

" 27 Ao]: ATEAR A B4 et Mol 9

Pdd = BMACRE 11%, HAT 27, PRP 4749 A7 Alg & 2| 79714] Auldt F-&(swelling)o] 3
23} Fout thE ik Q=

» ARt 72 gl

25 STEYE SN = B2 552 M8
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T W&
84 = A £ ZEHAD
A3t 2|3 BMAC group HA group p-value PRP group p-value
(N=111) (N=30) (vs BMAC) (N=34) (vs BMAC)
VAS
Ale A 7.17 £ 1.61 6.90 + 1.81 6.94 +1.79
3¢ 1.81 £ 1.85 4.33 + 2.25 < 0.001 4.06 + 2.60 < 0.001
74 1.09 + 1.42 4.10 + 2.35 < 0.001 3.85 + 2.89 < 0.001
14Y 0.89 £1.13 3.70 + 2.69 < 0.001 3.21 £ 3.53 < 0.001
214 0.92 £ 1.08 2.57 + 2.65 < 0.001 3.35 +£ 2.10 < 0.001
KOOS pain
Ale A 48.24 £ 17.66 39.09 + 15.35 41.96 + 18.82
1784 67.13 + 18.4 5495 + 19.3 < 0.001 56.31 £ 20.19 0.035
3714 70.35 + 20.32 52.14 + 20.08 < 0.001 57.99 + 21.92 0.004
%ik=! 71.55 £ 19.07 54.33 + 18.44 < 0.001 58.54 + 26.19 0.054
97H¥ 71.46 £ 19.53 54.04 + 19.28 67.25 + 25.43
1270 72.63 £ 20.25 57.32 + 23.37 64.43 + 25.02
s &3 V)5 WA(EHE £ EEERD
A% BMAC group HA group p-value PRP group p-value
(N=111) (N=30) (vs BMAC) (N=34) (vs BMAC)
KOOS overall
Ale A 43.18 + 16.8 32.4 + 16.86 39.19 + 17.01
1784 62.38 £ 17.57 46.86 £ 18.75 < 0.001 53.29 + 19.49 0.012
3714 67.03 £ 19.98 46.8 £ 17.69 0.006 54.63 + 18.91 0.008
6714 68.09 £ 19.57 4879+ 17.13 < 0.001 58.94 + 21.39 0.004
97h4 68.84 + 19.72 4658 + 19.54 < 0.001 59.98 + 24.36 0.101
12714 68.52 + 20.72  51.86 + 20.21 0.002 61.24 + 24.34 0.170
WOMAC
Ale A 44.34 + 18.67 46.41 + 14.98 48.12 + 17.02
1784 29.09 + 18.63 41.17 £ 18.77 < 0.007 35.8 + 19.8 0.214
3704 26.64 + 21.49 39.05 + 18.41  0.011 33.84 + 19.05  0.227
6714 25.21 £ 20.51 37.71 £ 16.31 0.008 31.21 £ 21.26 0.384
97h4 24.24 + 20.48 36.98 + 17.22 0.009 31.22 £ 23.3 0.255
1270 24.34 + 2091  35.29 + 17.39 0.035 31.06 + 23.34 0.306
IKDC
A& A 36.19 + 14.18 2857 + 11.43 32.89 + 12.75
1784 49.13 + 16.7 36.09 £ 16.39 0.001 42.14 + 18.88 0.115
3704 542 + 18.87 3631 £ 11.43  <0.001  41.85 + 18.6 0.002
6714 56.18 + 20.1 35.39 + 15.22 <0.001 46.45 + 19.81 0.033
9714 56.94 + 19.48  38.22 + 16.52 <0.001 48.48 + 22.67 0.089
12714 57.62 + 21.84 42.4 + 17.55 0.002 48.55 + 20.83 0.086
- BMAC, HA, PRP A= 75 S Ao oigh Qbdst X8 F4olH 12708 & 378490 32
£ ATT
- BMAC2 & 1270971A] 944 7iAd SHollA PRP B= HART U2 23S Al53t
Zlet wA WA -

" ol5JF 5 e

BMAC, bone marrow aspirate concentrate; BMI, body mass index; HA, hyaluronic acid; IKDC, international knee documentation
committee; KL, kellgren—lawrence classification of osteoarthritis; KOOS, knee injury and osteoarthritis outcome score; NR, not
reported; PRP, platelet-rich plasma; RCT, randomized controlled trial; VAS, visual analogue scale; WOMAC, western ontario
and mcmaster universities arthritis index
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6. Jin(2021)

7

n JA1RY 5 ISE

= 37|17k 2010.1. ~ 2016.12.
L e o

= A7 S Ad iy

A-EA

52 33U BRjolA] 29)
HBEE B S0 A

SRR

= 55ABMAC)E o83t vNEEeT

" A
- 94dA} <= HTOS A1
- o3k 5430 ICRS 3, 4

AT

rot

BMAC group

MFX only group

p-value

N 487

4373

(/) 11/37%

13/307

0.429

uol(F+ + HEHA}) 56.9 + 6.1

55.8 £ 4.4

0.152

BMICE# + EEHA}) 25.8 + 3.1 kg/m*

25.8 + 2.9 kg/m?

0.933

FATA7IHE T £ EEHAD 33.6 £ 6.6 7/i4

36.5 + 8.2 /1Y

0.110

KL grade Grade 3 36

35

(Medial) Grade 4 12

8

A= Ast I7|(BH + FZHA)) 23+ 09ar

2.4 + 0.8 arf

0.506

41

38

ICRS Grade 3

Grade 4 7

5

LIRS PR
- 40 ~ 65A
- ICRS < 29 A& & ¥Ho|

m HjA| 7] E:

- % 89k SRKBMI = 35)
- 05 AZ ZE 37 > 4.0 ar oAl B
A 2 AZ B4 dx9] 71949

713ko] 24714 m|tel 7%

o]l
AR

5 HEZ(MFC) (ICRS 3, 99 A5

» ZA|Al&: HTO + MFX + BMAC

D A7t &= A5

- AFupR] &GS A4
A3

2) YR 2 55

- centrifuged for 4 min at 2500 rpm

3) At g5 & 5= A8

- T B8 AHE HX|o] g BMAGE o=
9ol o}4] 7 ¥ B2 wHE

ue)
p:
rE

AE=014 40 mL =5

= H|WA]& HTO + MFX

n Ay

- Wk Ale A, HS FETERIe A Ale F 1, 3,6, 12704, 1d v

- A7 W7k Ale A, Al 3 24(plate A A A1R)
= SHERE(EEARD: NR
w3 7hAto]: QIFLEA

ol

12 EA

- T

RO Ho] g2

i

ebeg

a3}

= NR
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Q__E_
At — BMAC group MFX only group
pAR:S (N = 48) (N = 43) p-value
KSS pain
Ale A 27.2 £ 7.6 27.0 £ 8.5 0.692
ANe & 42.6 +7.2 39.7 £ 6.5 0.136
p-value < 0.001 < 0.001
» S V)5 WA(EHE £ EEHEAD
BMAC group MFX only group
R (N = 48) (N = 43) p-value
IKDC
il 35.3 £ 12.6 33.7 £ 9.4 0.537
A& & 713 £ 11.2 67.0 + 10.6 0.260
p-value < 0.001 < 0.001
WOMAC
il 46.9 + 13.9 475 + 10.4 0.318
A& & 163 £ 9.8 20.4 + 9.7 0.297
p-value < 0.001 < 0.001
KSS function
Ale A 58.9 + 13.3 60.6 £ 11.0 0.649
Ae & 91.0 + 10.2 88.8 + 8.2 0.445
p-value < 0.001 < 0.001
« 270] 2§ 9 A=
- #3874 W7k B 24 F plate A7 AN (9)
- BMAC group MFX only group
E: (N = 33) (N = 31) p-value
Stage of regeneration(Koshino’s staging system) 0.187
Stage A 2 (6.1%) 5(16.1%)
Stage B 15 (45.5%) 16 (51.6%)
Stage C-1 14 (42.4%) 9 (29.0%)
Stage C-2 2 (6.1%) 1(3.2%)
Cartilage regeneration assessment(ICRS) 0.131
Grade 1 1(3.0%) 0 (0%)
Grade 1I 18 (54.5%) 12 (38.7%)
Grade III 11 (33.3%) 10 (32.3%)
Grade V 3(9.1%) 9 (29.0%)
Mean score 7.8 £3.1 6.0 +3.6 0.035
- BMACO =& 37 MFX& 57| 434 dxtet AZAigo] IA 7HA=A] g3
- ©= MFXO] B3 5 U2 CRA A5 29

7Iet =& grt ATk 2+

= o[5S 5 R
BMAC, bone marrow aspirate concentrate; BMI, body mass index; CRA, cartilage repair assessment; HTO, high tibial
osteotomy; ICRS, international cartilage regeration & joint preservation society; IKDC, international knee documentation
committee; KL, kellgren-lawrence classification of osteoarthritis; KSS, knee society score; MFC, medial femoral condyle; MFX

microfracture; NR, not reported; WOMAC, western ontario and mcmaster universities arthritis index
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7. Lee(2021)

= &

AFEA  w AFRH SFH ITE
= 37|17k 2015.1. ~ 2019.12.
L e o
n 7] Sk Aoty

. 25 B9 52ABMAC)T Q17 &Y S

i
i
il

>.
s
=
e
-{O‘t

K

ATEH FHE ZIHAY RO 29 F
37t €711 Z(hUCB-MSC) ©]

1>
i)
i)
=)
=
—_
0,

A7 = AT
- g} S HTOS Al9% BTG B4 747
- gt 541 ICRS > 3B

BMAC group hUCB-MSC group p-value
N 42w 321
(/o) 6/36 6/26' 0.53
o|(BHa+ EZHA) 60.7% 4.1 58.1 + 3.6 0.19
BMI(B+ + H#ZHAD 26.1 £ 2.8 kg/m? 26.6 * 3.0 kg/m? 0.122
FATL/IHES + EFHAD)  20.7 + 6.1 /1Y 15.6 + 2.8 /1Y 0.08

» AE7]
S A= 1_:'_ ZAZ&(ICRS = 3B)o] Hol+ kissing lesion®] = A}
- HTOS} 37 BMAC = hUCB-MSC ©]41& 43)at TR Y 3}

. WA
- %% w5k BRHBMI = 35)

CE2 RS Y 02 93 27 GHATYRE, 599, BVAC o9l Z/HE A9 /19
- A1) A B B S W Aas 49 HTO
- 27 78] G FIAE ICRS 2 A2 o] Qi B
- AT 7Kl 19 w]Erel 59

F—lN

T = FAAEHTO + MFX + BMAC ® H|WAJ&: HTO + MFX + hUCB-MSC
D) A7t &5 A5 - 7FE|A”l(Cartistem) ARE-
- A5 T WS AEeolAd 40 mL I A5 - hUCB-MSCeF HA o] =274 E9A|S
2) A2 A 5= = Ao =8 o] ol

- centrifuged for 4 min at 2500 rpm

3 A7 B 9 55 48

- B AHE mjX]of] g BMACE 9= 28 F
Sjo]] o]4] _,_Jqua 2o 15}

i

- FE A A e T

- B WOk S Z% Al& F(HTO &3 %)

- A Bk A% d, /\]g % 149(plate AA A1%)

= SEE(EEAM: 8

n 37k 3o ?_1—?%74] oHA B4, Aled A dlolE A iRt o]

£Q
tlo

*}Hd4d = NR

23t
REY W BEUA(ET + B
=t
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P
]
k]
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72 e
— BMAC group hUCB-MSC group
pAR:S (N = 42) (N = 32) p-value

KSS pain

Ale A 30.8 + 11.0 31.6 + 10.4 0.993

Ne s 40.6 + 9.1 42.8 £ 7.9 0.380
» S V)5 NA(EHE £ EEHEAD

BMAC group hUCB-MSC group
A ®E (N = 42) (N = 32) p-value

HSS

Ale A 57.9 £ 12.9 56.1 £ 10.6 0.826

A& & 79.2 + 11.5 84.6 + 15.5 0.041
WOMAC

il 43.9 + 12.7 452 + 8.8 0.697

A& & 23.4 + 11.6 19.5 + 15.8 0.080
KSS function

il 62.3 £ 11.9 63.1 +11.2 0.766

Ne s 80.1 + 15.0 82.4 + 15.5 0.437
" 249 21§ 9 A
- a4 7k 1d F plate AA A-(N%)

- BMAC group hUCB-MSC group
PAR:S (N = 42) (N = 32) p-value

ICRS Medial Femoral Condyle

Grade 1 1(2.4%) 6 (18.8%) 0.001

Grade 2 18 (42.6%) 20 (62.4%) 0.001

Grade 3 12 (28.6%) 6 (18.8%) 0.001

Grade 4 11 (26.4%) - 0.001
ICRS Medial Tibial Condyle

Grade 1 1 (2.4%) 2 (6.3%) 0.001

Grade 2 16 (38.1%) 24 (75%) 0.001

Grade 3 9 (21.4%) 5 (15.6%) 0.001

Grade 4 16 (38.1%) 1(3.1%) 0.001

71 = 2 g7F Ak 2+
m |54 5 S ATATHINRE) Bio & Medical Development Program A

BMAC, bone marrow aspirate concentrate; BMI, body mass index; HA, hyaluronic acid; HSS, hospital for special surgery; HTO,
high tibial osteotomy; hUCB-MSC, human umbilical cord blood-derived mesenchymal stromal cell; ICRS, international cartilage
regeration & joint preservation society; KSS, knee society score; MFX, microfracture; NR, not reported; NRF, national research
foundation of korea; WOMAC, western ontario and mcmaster universities arthritis inde
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8. Mautner(2019)

A w A7RY: SaH 1oE
" AF71ZE NR
" QL s
» A7) Department of Orthopaedics, Emory University (Georgia)
A7EH B2 2HE BAIN B4 F9 BHABMAC)T ol 27 A4 ZHMFAT)S) a7 24} &
I H, 19
Ay w ARy
- QA g B S3E A 811 767, 106 knees
- gA EA4: KL grade 1 ~ 4
BMAC-Treated Knees MFAT-Treated Knees p-value

N 58 48
AE(/D) 24/17% 12/26'
uol(g+ + FEHA}) 59 + 1 63 £ 11
FATA7IHE AT + EEHA}) 1.80 + 0.88 4 1.09 £ 0.49 &

m AdEi7]E NR

n HjA|7]E NR

AP m FAA|E BMAC AT A+ (13]) m H| A& MFAT AW FAF(13)
D A7t &= A5 - AU & SREROA AR 25 30 mL
- FAE & SAAEFONA 60 mL S5 AHFH - & MFAT €5 9 mL
2) e 2 55 - 250} Foh IR A
- A28 719 PureBMC; EmCyte
- A& 2]7]: PureBMC; EmCyte Corporation
- F AL EF SR s5=8 ml
3) A7t &5 E 5E5E A8
- 250 R T A
» A
- QG H7E Ale A Ale B 1d
= SEE(EEHAMD NR
= 7k Apo]: NR
P44 ® NR
A}
84 = B4 £ ZFEAD
A
a7t BMAC-Treated Knees =~ MFAT-Treated Knees .
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr p-value
N N
VAS
Ale A 41 3.9 + 0.355 35 4.3 + 0.385
& 4T 40 2.5 +0.351 35 2.8 + 0.376 0.89
p-value <0.01 <0.01
KOOS pain
Ale A 39 54.6 + 2.674 34 51.4 + 2.867
& 4T 40 70.6 + 3.313 32 70.4 + 3.692 0.56
p-value <0.01 <0.01

“treat by time

P SR 24 82 552 X8
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T2 e

MFAT-Treated Knees

............................................................................................................ P-value
N N
KOOS symptom
=l 39 53.7 £ 2.992 34 54.9 + 3.209
g A 40 694 +3702 32  67.6+4.120 0.61
p-value < 0.01 <0.01
KOOS ADL
Ale A 39 63.6 * 2.946 33 57.2 £ 3.202
g FHwE 40  79.2+3.053 32  75.6£3.401 0.58
p-value <0.01 <0.01
KOOS SRA
Ale A 29 286+ 4224 24 213+ 4.634
g A 26 56.1 £5.831 22 463 +6.333 0.79
p-value < 0.01 < 0.01
“treat by time
= 4o) A(d + ERURD
BMAC-Treated Knees  MFAT-Treated Knees
............................................................................................................ p-value
N N
KOOS QOL
Nl 39 28.6 + 2.995 32 29.4 + 3.302
25 FAv 40 52.0+3.858 32 4804303 0.45
p-value < 0.01 <0.01
EQOL mobility
Ale A 39  1.694 £0.074 32 1.732 £+ 0.082
T o 39 1.407 + 0.080 32 1.508 + 0.088 0.65
p-value < 0.01 0.03
EQOL self-care
Ale A 39 1187 £0.057 32 1.102 £ 0.062
25 FAvE 39 1.050 £0.037 32  1.061 + 0.041 0.30
p-value 0.03 0.55
EQOL usual activities
Ale A 39  1.646 £0.083 32  1.887 £ 0.091
2F FAvE 38 1494 £0.094 32 1.659 £0.102 0.65
p-value 0.18 0.07
EQOL pain/discomfort
Ale A 39  2.056+£0.079 32 2215 £ 0.087
2F FAvE 38 1.735+£0.089 32 1.799 £ 0.097 0.51
p-value < 0.01 < 0.01
EQOL anxiety
Ale A 39 1.210 £ 0.070 1.314 + 0.077
2F FAvk 37  1.164 £ 0.079 1.271 + 0.085 0.98
p-value 0.60 0.65
EQOL composite
Ale A 39 0727 £0.027 32  0.667 £ 0.030
2|F FAv 37 0.835+£0.027 32  0.774 £ 0.029 0.98
p-value <0.01 <0.01

“treat by time

- BMAC % MFAT= 7 & 25 554 7150l /A= ey & 3t 2fol= @i
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T= W&
et wE wot ATk 2-
m 0|3 A}E 5 AR= Elsevier?t McGraw-Hill 25 2 2 FE]S ¥ 9191 Tenex Healthd &
o T2}
ADL, activities of daily living; BMAC, bone marrow aspirate concentrate; EQOL, emory quality of life; KL, kellgren-lawrence

classification of osteoarthritis; KOOS, knee injury and osteoarthritis outcome score; MFAT, microfragmented adipose tissue;
NR, not reported; QOL, quality of life; SRA, sport and recreation; VAS, visual analogue scale
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9. Shapiro(2019) & Shapiro(2017)

A4 = AFLFH: RCT
= 7|7k 2013.11. ~ 2015.2.
. JAA=7E vl
» 37| Mayo Clinic (Flolida)
ArEA  H2 ZIE A4 25 52 5E2ABMAC)T ABE] A A4x(placebo) A FAF &3t v, 14

AFdd  w AT
- A g B A $41 25
- A E4: KL grade 1 ~ 3, 5Y 9] 4= 72 o4

2

N 259
A, G(N (%) 7 (28)
ol (9% (34, ) 60 (42, 68)
BMI (543 (224, 2h) 27.1 (18.4, 37.5) kg/m*
BMAC (right knee), placebo (left knee) (N (%)) 13 (52)
BMAC (left knee), placebo (right knee) (N (%)) 12 (48)

. ey
- Ak 6% B B2, A 44, BUAR, WEA|, vAE 0|5 JABA B FARYEY ¢

p=4 =3
< FFA AmAE B0l FEA FE 5501 BV A&EEHE BrolA F5= FEF =
TEY g

. A1
- KL grade 4

- T A = 7 e AR I, O S E= 1
= 7|EpAR}

- Pocock ¥ Simon?] &3 29 WS F3 AFE 71N 724 #iP(@% 7501 BMAC A o
EZo] Ad 919k 74D

A = SAAE BMAC WEA AL (13) » HWAE A T (18]
D) A7 &5 A - daAds 8 15 mL
- A0 £ 2 AE50lA 52 mL 25 A - 250 RE=Sh T AL

2) YR 2 55
- =498 7195 NR
- YAE7]: Magellan Autologous Platelet
Separator System (Arteriocyte)
- AL ET SRl ESE S mL
3) A7t &5 8% 5E5E A8
- BMAC 5 mL + platelet-poor bone marrow
plasma 10 mL
- 255} Rk AT A
= A
- QG 7R Ale A Ale 17, 3,6, 1270
- AR H7E Ale A, Al 1271E
- MRI B7F Al& A, Ale S o71Y
» EREE(EEAND):
PR w A R gl
At = M= (Effusions)> BMACTS] 58%, HFi=t2] 25%04 HAT O, 67 4 RAIA ZH2}
12%%} 8%E AT o]= gAlE o]AHES 0 2 BMACTOA s 27| A&EES i gd=

HhS Hrke FUE 249 Ao d 7hsAol &=
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» A (Warmth)Z 17]9] FE50lA 394 B & 4dFY F 2AESIeH, o Ao E B4t
(erythema)2 HAYSHA] L&

Fad = FSEREIU &L, W)

2 BMAC-Treated Knees Placebo-Treated Knees p-value
A 3E (N'=25) (N'=25) (change
p-value p-value baseline)
(vs baseline) (vs baseline) aselne
ICOAP constant pain
Nl 25 (0, 80) 25 (0, 70)
154 15 (0, 70) 0.012 10 (0, 50) 0.009 0.67
3714 5 (0, 70) 0.005 0 (0, 65) 0.002 0.53
k! 0 (0, 65) 0.003 0 (0, 65) 0.001 0.89
1270 5 (0, 50) 0.01 0 (0, 50) 0.001 0.97
ICOAP intermittent pain
Ale A 42 (21, 100) 42 (0, 75)
154 25 (0, 75) <0.001 21 (0, 58) 0.004 0.41
37N 21 (0, 75) <0.001 17 (0, 75) 0.001 0.09
6714 21 (0, 83) 0.004 17 (0, 67) 0.001 0.49
12714 25 (0, 54) <0.001 17 (0, 58) <0.001 0.54
ICOAP total pain
Ale A 32 (18, 91) 32 (0, 73)
13 16 (0, 73) 0.001 18 (0, 55) 0.003 0.57
3714 18 (0, 73) <0.001 11 (0, 70) 0.001 0.24
6714 16 (0, 75) 0.005 9 (0, 66) 0.003 0.54
1270 18 (0, 50) 0.001 9 (0, 55) <0.001 0.68
VAS
Ale A 3.1(0,8.1) 2.9(0, 7.0)
15 1.3(0, 7.4 0.019 0.9, 7.7 0.004 0.47
3714 0.9 (0, 8.3) 0.001 1.0 (0, 8.2) 0.001 0.88
6714 1.5 (0, 6.8 0.001 0.8(0,9.2) 0.001 0.44
1270 1.2 (0, 5.5 0.001 0.7 (0, 5.6) 0.001 0.98
Algometer-Medial joint line measurement
Alerd 4.0 (1.7, 6.3) 4.5(1.8, 7.4)
1270 3.5(1.7.5.7) 0.01 3.4(1.4,5.8 0.005 0.26
Algometer-1cen above Medial joint line measurement
Alex 3.7(2.2,6.3) 43(1.3,5.7)
127 3.1(0.9, 6.5 0.006 3.0(1.3,6.5) 0.02 0.98
Algometer-1cn below Medial joint line measurement
Alex 3.6 (2.4,7.0) 3.9(1.8,7.0)
1270 3.1(1.7,7.4) 0.004 3.0(1.4,7.1) 0.009 0.70
= S V)5 AN (%)
Do.es.Your Knee. P.aln BMAC-Treated Knees Placebo-Treated Knees + value
Limit Your Activity (N = 25) (N = 25) (change
Level? baseline)
il
Not at all/mildly 6 (24) 8 (32)
Moderately 13 (52) 11 (44)
Severely/extremely 6 (24) 6 (24)
154 > 0.99
Not at all/mildly 15 (60) 18 (72)
Moderately 9 (36) 5(20)

22 IpE A0Sl 34 8O 552 KR -
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T W&
Do.es‘Your Knee‘ P,am BMAC-Treated Knees Placebo-Treated Knees + ~value
Limit Your Activity ~ _ (change
Level? (N =25) (N =25) baseli
evel’ aseline)
Severely/extremely 1 (40) 2(8)
p-value (vs baseline) 0.004 0.024
37he > 0.99
Not at all/mildly 15 (60) 19 (76)
Moderately 8 (32) 4 (16)
Severely/extremely 2 (8) 2(8)
p-value (vs baseline) 0.003 0.005
67 0.51
Not at all/mildly 15 (60) 17 (68)
Moderately 9 (36) 5 (20)
Severely/extremely 1(4) 3(12)
p-value (vs baseline) 0.003 0.003
12714 0.52
Not at all/mildly 15 (60) 16 (64)
Moderately 7 (28 7 (28
Severely/extremely 3(12) 2(8
p-value (vs baseline) 0.002 0.002

= 4ol AN (%)

BMAC-Treated Knees Placebo-Treated Knees

~ - p-value
A E (N'=25) (N=25) (change
p-value p-value baseline)
(vs baseline) (vs baseling) ~2°¢"M€
ICOAP How much has constant knee pain affected quality of life-moderately or worse
el 9 (36) 11 (44)
12714 4(16) 0.04 6 (24) 0.02 0.77
ICOAP How much has intermittent knee pain affected quality of life-moderately or worse
Ale A 16 (64) 14 (56)
12714 7 (28) 0.001 7 (28) 0.002 0.23
- 270] A% 9 AUHE
- 9ARA B} KL grade(N (%))
A5 BMAC-Treated Knees Placebo-Treated Knees é hV:r]lU:
(N = 25) (N = 25) o
aseline)
Ale A
Grade 1 2(8) 218
Grade 2 11 (44) 16 (64)
Grade 3 12 (48) 7 (28)
1271¥ 1.00
Grade 1 2(8) 218
Grade 2 10 (40) 16 (64)
Grade 3 13 (52) 7 (28
p-value (vs baseline) > 0.99 > 0.99

90 Bone Marrow Aspirate Concentrate Aoplication for Knee Osteoarthritis
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T W&
- MRI 7} T2 Values(343%: (22, 2d)
23 BMAC-Treated Knees Placebo-Treated Knees (i hv:éu:
(N = 25) (N = 25) o
aseline)
Medial femoral condyle
Aled 76.3 (53.1, 297.6) 69.6 (41.9, 110.2)
6714 82.6(48.9, 327.4) 74.2 (49.8, 102.3) 0.27
p-value (vs baseline) 0.07 0.56
Lateral femoral condyle
Aled 69.6 (52.8, 103.5) 76.2 (44.8, 102.0)
(k! 72.1 (56.5, 98.6) 78.6 (51.0, 107.3) 0.95
p-value (vs baseline) 0.11 0.08
Medial tibial plateau
Aled 43.8 (29.5, 66.5) 43.4 (35.1, 64.6)
(k! 42.3 (30.1, 83.0) 43.3 (31.0, 87.3) 0.70
p-value (vs baseline) 0.39 0.56
Lateral tibial plateau
Aled 38.9 (30.9, 52.9) 37.9 (31.3, 62.0)
67he 39.9 (30.7, 68.8) 39.3 (23.6, 57.3) 0.10
p-value (vs baseline) 0.15 0.63
Patella
Aled 61.8 (49.0, 83.5) 63.5 (50.9, 103.0)
6714 63.5 (40.2, 87.5) 69.7 (48.4, 87.0) 0.78
p-value (vs baseline) 0.27 0.22

71t =& gyt Azl 1+
m O|34}F 5 Mayo Clinic A SJAllE] Hxa A

BMAC, bone marrow aspirate concentrate; BMI, body mass index; ICOAP, intermittent and constant osteoarthritis pain; KL,
kellgren—lawrence classification of osteoarthritis; MRI, magnetic resonance imaging; NR, not reported; RCT, randomized

controlled trial; VAS, visual analogue scale
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10. Varma(2010)

= AF79: RCT

= A1k NR

» A7k A=

» J17]3 Netaji Subhash Chandra Bose Medical College Jabalpur

5 ZWE AfoAM BM-SC B FAR] P84 a5 H7h 671d

. A7y
- A S B8 2EY B4 50
- g B4 A% ~ FEES 20EY

BM-SC group control group p-value
N 259 25'
+ BFHA 50.7 + 5.4 48.2 + 5.1

o] (gt

LIRS PR
- A% ~ =Y ZTEE o

n ajA7)E:

- 5% =84dd

- AvtslkE =3 Hok

- axial malalignment of varus > 5%
- 9548 BEBS

- A8 Zedo] = A5

n SAAE A HAZAE + BMSC TEY = HWA|&: IE G5 HAZGAE
FAH(13)
D A7t &5 A5
- AZ501A 4 mL 2= 23
2) YR 2 55
- centrifuged at 2000 rev/minute, for 10 min
- AL ET SRl sSE 2 mL
3) A7t &5 & 5= A8
- WS HAZAE A3 & W A

n 2T AE A AE T 1,2.3.671Y
» SEE(ETAND NR

n 27k o] B AT Bi(F7t BF AL RO Hfo] §12)

Rz

23

= NR

LS

R

- BM-SC group control group
A& (N = 25) (N = 25) p-value

VAS

Ale A 5.7 £ 0.9 5.4+ 1.1 0.324

1784 46+1.0 3.2 £0.8 0.000

2784 3.3+ 1.0 2.7 £0.5 0.013

3714 23 %09 3.8 £0.8 0.000

k! 2.1 £0.6 52 %09 0.000
OAQOS pain

92
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- BM-SC group control group
A (N = 25) (N = 25) prvalue
Ale A 47.4 5.7 45.4 + 4.9 0.2
1784 69.0 + 3.5 68.4 + 4.9 0.6
2704 71.3 £ 3.2 63.8 +53 0.000
3714 74.2 £5.3 58.8 £ 5.3 0.000
Xik=! 78.8 + 4.1 56.4 + 4.9 0.000
» S V)5 NA(EHE £ EEHEAD
= BM-SC group control group
A ® (N = 25) (N = 25) p-value
OAOS symptoms
A& A 49.7 £ 7.5 46.8 + 6.9 0.155
1784 69.7 £ 2.8 71.6 £5.1 0.122
271 72.4 + 2.4 66.6 £ 5.1 0.000
3714 73.4 £ 2.1 61.6 £ 5.1 0.000
6714 79.3 £ 2.3 56.6 £ 5.2 0.000
OAOS ADL
Ale A 46.1 £ 6.9 479 £ 4.7 0.287
1714 70.2 + 3.8 71.8 + 4.0 0.151
2714 73.9 £ 2.5 67.3 £4.7 0.000
37114 77.3 £ 2.6 61.8 + 43 0.000
(k=] 81.1 £+ 1.8 71.8 + 4.0 0.000
" 50 A(EF + EERAD
BM-SC group control group
o (N = 25) (N = 25) pvalue
OAOS QOL
Ale A 435+ 4.6 49.2 £ 3.8 0.000
1714 69.1 +3.4 67.9 £ 5.5 0.107
2714 723 £2.2 65.2 +5.8 0.000
3714 76.9 £ 2.5 64.1 £5.7 0.000
Xik=! 76.7 £ 2.6 63.9 + 4.2 0.000

T
" olslAtE 5 e

ADL, activities of daily living; BM-SC, bone marrow stem cells; NR, not reported; OAOS, osteo—arthritis outcome score; QOL,
quality of life; RCT, randomized controlled trial; VAS, visual analogue scale
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6 HiHIE 230l S=It AR

6.1 71

g7l ZEA] o2 EAEY L WAl Akt T 2T 4 )2 AARRE VEo R gl o' Y
ffP ot "‘Zﬂ v—“i.— AAE £32 AQlstaL, viA71Ee] osf Alejd £d2 F 441H(F9 4419) 2= g &
AEFT AME 7lest o

6.2 UYHIE! 2HS=} AR

6.2.1 =ZLZ%

1. Abe SN, H. Comparing the allogeneic inflammatory reaction between mesenchymal-lineage cells derived
from different origins. Journal of Orthopaedic Research Conference. 2016;34(Supplement 1).
HiRIALR : SIMES(EIPI=Z, conference ZF 5)

2. Adachi NO, M.Deie, M.Ito, Y. Transplant of mesenchymal stem cells and hydroxyapatite ceramics to treat
severe osteochondral damage after septic arthritis of the knee. Journal of Rheumatology.
2005;32(8):1615-8.

HRIALR - Sl B17 H S+

3. Agarwal NM, C.Bojanic, C.To, K.Khan, W. Meta-analysis of adipose tissue derived cell-based therapy
for the treatment of knee osteoarthritis. Cells. 2021;10(6).
HAMIALS: : X7t OFHES(2|E, SR, editorial, letter )

4. Aghdami NGL, M.Emadedin, M.Mohseni, F.Fazeli, R.Moghadasali, R.Mardpour, S.Hosseini,
E.Niknejadi, M.Azimian, V.Jaroughi, N.Labibzadeh, N.Mirazimi Bafghi, A. Repeated intra articular
injection of bone marrow derived mesenchymal stem cell in knee osteoarthritis: Double blind randomized
clinical trial. Cytotherapy. 2014;4):S14.

HIKIALS: : SMEHA(SI2 =1, conference = &)

5. AlFaqeh HNH, B. M. Y.Chen, H. C.Aminuddin, B. S.Ruszymah, B. H. I. The potential of intra-articular
injection of chondrogenic-induced bone marrow stem cells to retard the progression of osteoarthritis in
a sheep model. Experimental Gerontology. 2012;47(6):458-64.
HIEALR - S2 U8 U FHOIATR

6. Alegre-Aguaron ED, P.Garcia-Alvarez, F.Castiella, T.Larrad, L.Martinez-Lorenzo, M. J. Differences in
surface marker expression and chondrogenic potential among various tissue-derived mesenchymal cells
from elderly patients with osteoarthritis. Cells Tissues Organs. 2012;196(3):231-40.

BTG : S2 43 Y M4

7. Aletto CF, O.Maffulli, N. Knee intra-articular administration of stromal vascular fraction obtained from
adipose tissue: A systematic review. Journal of Clinical Orthopaedics and Trauma. 2022;25.
HiIKIALS : X7t OFH2S(2]E, SR, editorial, letter )

8. Al-Najar MK, H.Al-Ajlouni, J.Al-Antary, E.Hamdan, M.Rahmeh, R.Alhattab, D.Samara, O.Yasin,
M.Abdullah, A. A.Al-Jabbari, E.Hmaid, D.Jafar, H.Awidi, A. Intra-articular injection of expanded
autologous bone marrow mesenchymal cells in moderate and severe knee osteoarthritis is safe: a phase
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

I/II study. Journal of Orthopaedic Surgery. 2017;12(1):190.
HiAIANR: - Sl B30 3 SHAT

Alnajjar FA. The expression and function of metastases associated lung adenocarcinoma transcript-1 long
non-coding RNA in subchondral bone and osteoblasts in osteoarthritis patients. Osteoarthritis and Cartilage.
2021;29(Supplement 1):S304.

HIKIALS: : SMEHA(SI2 =1, conference = &)

Alsalameh SA, R.Gemba, T.Lotz, M. Identification of mesenchymal progenitor cells in normal and
osteoarthritic human articular cartilage. Arthritis & Rheumatism. 2004;50(5):1522-32.
HHHALS | E2 A3 9l MOIAl

Andia IA, L.Maffulli, N. Moving toward targeting the right phenotype with the right platelet-rich plasma
(PRP) formulation for knee osteoarthritis. Therapeutic Advances in Musculoskeletal Disease. 2021;13.
HAMIALSR: : BXA7t OPHES(2|E, SR, editorial, letter )

Andia IM, N. Mesenchymal stromal cell products for intra-articular knee injections for conservative
management of osteoarthritis. Therapeutic =~ Advances in Musculoskeletal Disease.
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ACS Autologous Conditioned Serum

BMAC Bone Marrow Aspirate Concentrate

HA Hyaluronic Acid

HSS Hospital for Special Surgery

HTO High Tibial Osteotomy

hUCB-MSC  Human Umbilical Cord Blood-derived Mesenchymal Stromal Cell
ICOAP Intermittent and Constant Osteoarthritis Pain

ICRS International Cartilage Regeration & joint preservation Society
IKDC International Knee Documentation Committee

KL Kellgren-Lawrence classification of osteoarthritis

KOOS Knee injury and Osteoarthritis Outcome Score

KSS Knee Society Score

MFAT MicroFragmented Adipose Tissue

MFX Microfracture

OA Osteoarthritis

OAOS Osteoarthritis Outcome Score

PRP Platelet-Rich Plasma

SF-36 Short-Form 36 Questionnaire

VAS Visual Analogue Scale

WOMAC Western Ontario and Mcmaster universities Arthritis index
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