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Operative Treatment for Osteochondral Lesions of the Talus:
Bone Marrow Aspirate Concentrate and Matrix-induced Chondrogenesis

Bom Soo Kim, Yeop Na, Won-Hwan Kwon*

Department of Orthopaedic Surgery, Inha University College of Medicine,
*Department of Orthopaedic Surgery, Inha University Hospital, Incheon, Korea

Bone marrow aspirate concentrate and matrix-induced chondrogenesis (BMIC) is an interesting treatment option for osteochondral
lesions of the talus with promising short- to mid-term results. The various terminologies used to describe this surgical method need to
be addressed. These include bone marrow-derived cell transplantation, matrix-induced bone marrow aspirate concentrate, and matrix-
associated stem cell transplantation. BMIC is a one-stage, minimally invasive surgery performed arthroscopically or using a mini-open
arthrotomy approach without a malleolar osteotomy in most cases. The lesion is replaced with hyaline-like cartilage, and treatment-
related complications are rare. BMIC is a safe and effective treatment option and should be considered in large lesions or lesions with a
prior treatment history.
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Table 1. Continued

Others

Postoperative

Preoperative

Mean
follow-up

Approach

Mean size of
lesion (mm?)

No. of

Bone
Graft(n) patients

Treatment

Level of evidence

Author (year)

VAS FA94.8*

VAS FA: 48.5

>24 mo

IV, case series  BMIC (collagen I/Ill 23 110 Arthroscopy (21),

Richter and

malleolar osteotomy (1)

Arthroscopy (120),

scaffold)
BMIC (collagen I/Ill

Zech' (2013)

Richter etal.”
(2017)

VAS FA: 84.4*

VAS FA: 45.2

60.2 mo

170

16

120

IV, case series

100)

(at5yr;n

100)

(n

malleolar

scaffold)

osteotomy (13)
Malleolar osteotomy (25),

83% returned to sport;

VAS: 3.8*

VAS: 8.7

36.7mo

170

IV, case series BMIC (collagen I/l 32

Murphy et al.”®
(2019)

23 had BMIC as a

revision
MOCART: 67.3

arthrotomy (7)

scaffold)

VAS: 1.9

VAS: 5.7

23 mo

Malleolar osteotomy (11),

130.6
120.5

24

BMIC (HA or collagen 24

I, retrospective

Sadlik et al.””
(2019)

AOFAS: 54.4
VAS: 2.0

AOFAS: 57.7

VAS: 7.6

20.9 mo

open, arthroscopic-
assisted (13)

I/Ill scaffold)

comparative
study

MOCART: 70.8

AOFAS: 84.0

AOFAS: 81.2

BMAC: bone marrow aspirate concentrate, AMIC: autologous matrix-induced chondrogenesis, BMIC: BMAC and matrix-induced chondrogenesis, OLT: osteochondral lesions of the talus, MicroFx:

microfracture, FAOS: Foot and Ankle Outcome Score, MOCART: magnetic resonance observation of cartilage repair tissue, AOFAS: American Orthopaedic Foot and Ankle Society, HA: hyaluronic acid, VAS:

visual analogue scale, FFI: foot function index, VAS FA: visual analogue scale foot and ankle, -: not available.

*p<0.05.

X7t 718 f2 HE gd(autologous matrix—
induced chondrogenesis, AMIC)

AMICE= ACIZRH ¥HE 9 s Wiolgial o 4= itk ACI
= A7HAEE AFIsto] HidRE & o]F ThA| Ao o] Alsk=H] o]
o HAE g7] 98] A7F S92 wlojA] ARSIt o] APt =
2 Al QlF 71E E= oIS EHAANAAE ARESte] A7t AEA
ZE olAsh= Bio] /MEE UL o] F 718 72 AE AEAE o]

A& (matrix-induced ACI, MACI)elgkal gk}, Z18th7} MACIO
A A7F AZA|LO] o] AE wi I A2 glo] 7Rt o] A5k W
o] ML= A=H 718H A7t ASEFARE ol&3HA d&= A
AA717] g2 A7F 718 2 AF F4(autologous matrix-
induced chondrogenesis, AMIC)o|2tal B35t U= 2
Folol Al 718 nAlEEE & E5EREH SFHUE 259

%‘—’F“‘S}Oil 40| 1 2842 JFA7 = GH(biologic chamber)

& ol ILA T AEE Ao s Z4 (skeleton) T A|A]

=2 AR Es 7] AL sto|&dZ2utAE(Hyalofast: Anika Thera-
peutics S.r.l, Padova, Italy)?} Z=&7}0]=(Chondro-Gide;
Geistlich Pharma AG, Wolhusen, Switzerland)7} 01‘:]'. sfo|
ZoAEE AF 7|49 v i (proteoglycan)& O] %= 3|YF
EAHhyaluronic acid)& FAAEOZE W= AX|AZ 2F 2 mm T4
o gFe & 42 o g REY A9 F47Hwian B 5
o] go|gt AHo] o}, F=27to|tE HA| 9] Fuke: 7 xo}o]
TE Alog A I/1Ie FAAELE 5t U5 tad59

o|FF TXE St o] AR 4T w2 IS AlFste
&70] A

Volz 57L& F29] ATl s vAlZ A&t A3t +
#uAlEds 9 AMICE A3
W7ZRA] = 2ol 7} QlSl=Tl 5| ATt Al T o 7k A 71s A

oA ‘IT"] gk 2pol7h vrehyttar B arstelet. AZolA AlHE AMIC
T 22 A Ayt BuEa 9t} Yontar 502 37] 150
mm’ 19} gl 7 mm o1V3e] AE EAEEH 20915 R
=04 glo] TEH A AMICYE A3t l=t] Bat 20.371E 4]

M52 (visual analogue scale, VAS)7} 7.1£2.59]4]

1.7+2.2% 4593l American Orthopaedic Foot and Ankle
Society (AOFAS) A4 57.549.4014 HF FA] A 92.5+8.48
ALk Huslich Weigelt 592 Wik 224 23Kt 7|
F4 Z(open approach)& ©]-83F AMICS AldJ5t3 2w, 339
BofloflA] Ap7kEo A& oA Alstoict. Bt 4.79(2.3~8.0
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=
=
WA (magnetic resonance imaging, MRI) AAMT A
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pair tissue; MOCART)7} 60.6+21.2 (0~100)92.™ AAYH A=
9] v|¥(hypertrophy)7} 52%0ll A T&=| Itk 6k ct. Galla
Y2 2375 9] SAjol|A HEEN T EIE glo] KAAE o83t

A717](Hintermann retractor)& °©]85to] H¥S =&dsk=
o2 AMICE Aldshlom Bt 33.5+10.471€(24~52.971
) S=A] A3}, VAS7EH7.6£1.100A4 1.442.25 45t on S5
Z34 7154 EH7] %2 foot function index (FFI)= 46.8
+14.39014 15.9+11.42 SA=Uc. B MOCARTE 74.1+
12.4 (50~95)& B3ttt Usuelli 598 #AAH 271 o4
9 AMICES AJ983t 20919 2471 A 23} MOCART+= 1270
ol 42.8423.5, 2471 ¥0f| 50.9424.92 ThA QAT A=A A}
+= VAS, AOFAS, short-form 12 (SF12) &5 523t 34& 29
ohaL shct.

o oL r_\; Olﬁ

e

2 2 55%(bone marrow aspirate
concentrate, BMAC)

St o AZEE A 5 BMACO|Y EATER & (platelet-
rich plasma, PRP)¥} 22 AESH] HRXAE F7l6l= A2

9E] k. Hannon 578 71& ZE9 o] dis) njAEd&Tt A
Yt Hn=12)7 v WA nNEEE F BMACS A FA3h
Tn=22)1M & F 2 7 MOCART =7} f2Js}
A E%2™(p=0.023) XH"“ ZA 0] AR FH A d=2A
3} 5] & B3KHborder integration)= 1L A= (fissuring)° |4 U
g gad(fibrillation)2] AZ0] AHJckal Btk Murphy
592 AZ TAZYH e vAZEET At i"(n=52)£1:}
v|AlEE& & BMACHE A4 ot(fibrin glue)E ©]-&5to]
< S35°l(layer by layer) W& (n=49)°14 X4 3670¥ F=A] *1
= AlJgEo] Rt B R3(AlEEE 28.8%, nAEE
9 BMACT 12.2%; p=0.0145)< B 115193t}

)

A S0

2T 3 |_I
(BMAC and matrlx—lnduced chondrogenesis,
BMIC)

2 559 U 7| Q¥ A2 HY

& EAEEHo] dis] AMICOIY BMACS ©=22 Al 3T &+
= AR 71 e AR Y] E2E )] Hg BMAC—J =T
HzA 9 e B Z8shr] Hs F A=
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o
I

oZ,
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O AAfof wEhA TSt o1& ARSI Q7] wiZel T
2ot et 71eH o R oy AMgSte RS Alo]
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oA 22 Xli o F 4 ) wEhA] EhE WA
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St} Giannini §°'2%172 25-8A1E o]4]&(bone marrow-
derived cell transplantation, BMDCT)°]|gk= 8015 A+
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gt A ZRE ARt o] 4k Ao] oy ar BMACe] Z3HE &
431} platelet-derived growth factor (PDGF), transforming

o o
50w

Fll‘

growth factor-p2 (TGF-p2), vascular endothelial growth fac-
tor (VEGF), interleukin (IL)-8, 1L-1p <] Ad&QIAL}; Ato|E7}
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7F ok 22 IF9] thE =R NE 71A s I ER1E
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oA BMACO] e A £ £5L o|dth Richter 5%
I} Murphy 572 714 1 £7|HE o]4&(matrix-associated
stem cell transplantation, MAST)°]2h= 80|15 ARR35II=Y] A
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scale foot and ankle, VAS FA)7} & A 45.2 (16.4~73.5)°1A4

2ZE A Al 84.4 (54.1~100)2 A=A Murphy 572 Z

Azl gt ohE &0 A o] Sl 239 XIS F
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AFE A3 T2 Q100 A= MACTH(79)2 BMICTA(159]) 25
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Ei A 75‘—‘% %*Pl
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w2} Bs £9] e ZolE gefshiA], ARAR] wt & 50~
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AHEIE AA E71AEe} o 7] 4RI s
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1) rﬂz 2

=T AEEE TRt A9 o] oF 20 HOE &9
SHEE o] A APt F AHEE st F1F B Het e
= AlAske 2] FH

A5 PF Ee TEE0] AA oK 83k Brole &5
SRlo] B & A F-9jof A2 wF AAE AR F AEOIA
Zagt g sfdEs A=t

2) o =g

Need for
bone graft?

Arthroscopy

AM, AL, PM, PL
— Arthrotomy (mini-open)

Central 10%~15%
— Malleolar or chaput osteotomy

Figure 1. Suggested algorithm for the selection of surgical approach to treat
osteochondral lesions of the talus. The surgical approach should be deter-
mined based on the necessity of bone graft and the location of the lesion.
AM: anteromedial, AL: anterolateral, PM: posteromedial, PL: posterolateral.

A £715 o8&t FHAXEA £&9 Fxlo] ARt £A10] HY
T} ERO] Aeo] uhet ZATHHY BE A —Hrw—]e o ESHA %
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o= BMICE MA@ &= Qleh. /W3] A2 Aldsteete g
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throtomy)& 7Fs?t 297} tiiitolct. HvtslA] k2 A3 9] 7
3 cm A=Y HFANR 75| el & F F5olu A
of ol ®AFA H AA th2A] Yt

YA AL B Ao w2t AYS, A€
& EEANY SolA Agdith AuS A28
o= oS AW ASA A-AT A 3 v]=
tius)?] &0 = HIgh WS Arshal HES SAFFA|
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Figure 2. Example of a bone marrow aspirate concentrate and matrix-induced chondrogenesis (BMIC) surgery performed through a posteromedial arthrotomy
approach (A without malleolar osteotomy. The lesion is clearly debrided and multiple holes have been made using a 1.2 mm Kirschner wire (B). (C) The sub-
chondral bone defect has been filled with autologous iliac cancellous bone. (D) The lesion is covered with a matrix soaked with bone marrow aspirate concen-

trate.

11 o] Ae YS2 YiHEEE, S 43Uy R E A
(chaput osteotomy)= Al&otH oG B-E 25 LeEAZ 5= 9t}

Pt Olﬂﬂ ﬂ*gl 101% 5~10 mm
7t Asiey B 2 ﬂrﬂﬁi A Aoz PEEEE SR aw)
o83ttt TAE0] T Afol= ATt E A Al

15 d5rguel A7]9 mego 9 71de Adsh=t] BMAC
& ot =9 71d ] Bt STKHA HER oF 10%~15% 7
T A Aok Ao] FHFig. 3). AT 71 BMACE H2]1
BMACe] 33| F5E &= 3% oM 7IvHint. ol F BMACTJr 7]
A EFAE ol & AL A ot g ol8ste] 71 A&
TR AR ohats 0 A AE9 wol9h RS thEo] 7
3hof Folute x| ges 5=

o

ogtet. A&l whet Pl A4 okl
£ WA YT & I 9ol 78S S se PR At 3~52 4
&= 7o AR ot ol A 24 St ol #E 25
AAA 718 0] RPFEA A E 0 e AL FRIRiT

WEGo= A Aole B B84 <7t d=d 5 4
249l Fde v B W AA IS 2T AR AEel
A BMACTH 71 E3HAIE 4ol |1AAZI. A daE A7
St fl=9] I A7 e Alof FH ofggo] 3lg 4 ot

FZ Az AZE 3 A ol E-go] Hrk

2. 4% 5 2| U M

S 30RO ATRE B8 2 HRFRE A7 4
& ¥ 1~29 58 4 39 anzd] §3 Yot B £
222 919 FE A9 54 B £5S A

% 7 27RE B2 (firm walker) 2 0 B AERalE
8T 54 T 63RHE B2 glo] HAFRE 85T

Figure 3. Preparation of the matrix. After removal of the damaged carti-
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