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Purpose: This study evaluated mid-term clinical and radiological results of autologous bone marrow
transplantation (BMT) for early stage osteonecrosis of the femoral head (ONFH) and analyzed prognostic factors.

Materials and Methods: From November 2003 to April 2008, 101 hips of 93 patients with early stage ONFH
who underwent autologous BMT were followed for at least five years. For clinicd results, preoperative and
postoperative Harris hip scores (HHS) were evaluated and survival rate was obtained a the point of performing
total hip arthroplasty or femoral head collapse progression. Radiologic results were assessed by changes in
Necrosis size on magnetic resonance imaging performed preoperative and postoperatively. For evaluation of
prognogtic factors, surviva rate was andyzed according to age, gender, etiology, stage, necrosis Size, and location.

Results: Averaged HHS at latest follow up showed no significant change in comparison with preoperative HHS.
Of 101 hips, 35 hips required arthraplasty and six hips were running head collapse. Groups with use of steroid,
laterd location of necrogis, large Size of necrosis, or large necrotic angles showed lower surviva rate. However,

age, gender, and stage had no effect.

Conclusion: In early days, autologous BMT for early ONFH can be considered as a treatment for improvement
of clinical features and delay of radiologic progress. However, after some years, there was no effect compared

with the natura course of ONFH.
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20039 11957€] 2008'd 49744 A7} F5 o] 4 & A
sJuko. Ficat stage I, 1A, IIB2] 7] ¥ % 23X} &
7L 1057 (113¢) 5, AP B 7HQIA QI AHRR 73 Bol
2SR B 52 A 9391016 E oz
shglom BT s7ILE0-110748) 2k 24| Ba3hect
FehE A S| Bt A2 464 (22-784) AL o4
o] 309, FA 719}, D) A= EFEo] 469, 2H|
F2o|=7} 424, 5@AJo] 114, 28]l & FA>o] 2%
© ™ Ficat stage 0] 309, IIA7} 424, IIB7} 294 AT},

BAES Bol9)2 G2 AFHBTF0) w2HA T A W
Moz FUNA F F5 AFAEI B4AAE 11
gauge vlE0] AL oA A g 50 cc FA|Z oF
500 cc®] 25 AF AL o] & 50 cc® medias EF}
T gl it AR Feidel Yt FEgeA FEe
olgate] 22H, Awel AH7 F5E AXE]
(COBE® 2991; BCT Inc., Lakewood, CO, USA)E o]&
aho] gl AT oot o] B FeUR $AT. &
A2 G E vHEAL C-arm 3ol K-wireE o]-8-ao] A
& 7|(trephine) o] A} 91215 lstaL 1 -9 ¥74
Mg oF 5 mm A% AU AN Bol oA 4
shf A ZI74A] 5-73] thE ] HeeS AP F 3 mm
AF71S O 25 AARAA e, Bhole] ¢
Z5e As &dsr] Hall 10 cc FAPIE #E 2 A
stk FF Eald FF 50 ccE 10 cc FAP] ol Uirol
ol oif2 Hzshaban Ahs| FASI,

A= 677 A6t flo] Hasta I - 125744 F
i ATl 127 Foll= 4 AFF-st B 51833t

BE 8AeM & A, HF FA] Al Harris 188
(Harris hip score, HHS)Z B3} it} A7} 24 o] 2<4S
AFHE A A 440k e ZFo 2 mm o)
of B3k ke 298 Wl PSR, 1 S 1E
o2 AzEe Fo. dlFAAE W, B, A
S5, vrold, 44, 99 Aol mhe AEE2 Htel et

=A% e F1d, HF FA A AZ1$T G315 Tesla
MR; Siemens, Erlangen, Germany)-2 ©]-8-3}o] 2435}
I EYoA A ZEE oz Nt o5 JFAFHEA
2"l (picture archiving and communication system,
PACS)& o §8te] & BAsheirt PACS U] WA o
A2 Al 7178 ol 85te] T1 el F Babw 1l A
Zgrella AAL W eE S5 =, e E5F 27] o
gt FAPH 9] o] W8-S Mgk (relative value, %)o]2taL
Aol e}, 283 modified Kerboul method’E o] &
sto] F|ARZH(necrotic angle, °)& ZA3 oS #FHA

AlgEolA S FALe] digie] B 2 B Al
ZdHelA A Az 3He vlalsto] O ARE H7t
st aAct(Fig. 1).

& A7 FHF FA]| A| HHS vl SPSS T2 ver,
16.0 (SPSS Inc., Chicago, IL, USA)®] paired t-testE o]-§
slo] B35t o H= #a A] A ofB= Bonfferroni’ s

correction ©]8-3F chi-square testE o8-} 3t}
d I

BE oA HHSE & A i 82.8%7.39 (55-93) A
& F 27] 1-29L 9658 Z7HE 2748 By F
FA] Al 76.5%5.75 (60-96) (P=0.57)2 27t o}3}H 2
< 1Ytk FA #F VIRt F JeHE AR Hest
& F 1019 F 299190, 2 mm o]}e] tE =F
e 1016 F 34ollA BTt HA A AEEL
68.5%%tt. W7|H=E stage 191 A= 66%, stage 11AQI
795 78.5%, stage 1IBQ] -9 55.1%2] AEES KB
th(P=0.111) (Table 1). 27|88 37¢2] = HALe] Aozt
2 35.1%°14 38.8%N= 7t T A0S HoH, ¥
Abe] Z71HE 2= Aigho] 15%, 15-30%, 30-45%, 45% ©]
Aol 397} 22 100%, 75%, 57.7%, 61.1% (P=0.048)¢]
AEES Hol AL Adigke] $718 45 FAIHo=
frofstAl AEf&ol A< & F Ut 28 7
AMZF2 & 9] 280° ol 4] 292° 2 oFgF FULeE S B
o, FAtztel wat 200° 0|3}k, 200-250°, 250-300°,
300° o]l A7t 27k 95.5%, 80.8%, 53.8%, 46.2%
(P=0.001) 9] AEES Ko &3 S} 427t S718s
5 oo &gl A 9eS & 5 AAUTH(Table 2).
A SIAEEE WS, FAJA A5 100%, 9521 B¢
61.9% (P=0.17)2] AEE&S B o (Table 3), YolE=
2E| 20| =R Qg B9 AEEL 47.6%, ¢E0] 78.3%,
A 100%, ERA 100%2 AH|2o|=7t £2] 9o 4
FE2 Rgoy EAAHCT AAFoE 93190t
(P=0.089). ttole} A of mpetr = f-of gk Aol 7} $lich.

T oox Y off

(14

|

2000t 5E] A Z7IMEE o] 83 29 AN 7Hs
ol #gE AF7L &5 Hehobo|A] o] Foj XA gt
2 27127 AL 22 S AHAZE 7Hs A 0] Utk
Q77L olFol ol whek tlEl BF E3kfol F4E ol
stol tlE B9l AN frEstudt she AR o] Fof
A Y. 2 RO|ER % HE SF AL At
A E4E A% A3 HEAEE g3t fibroblast
colony-forming units (FCFUs) 2] & =7} A Eo] 9lo
22 dgE =5 AP S AlEAA Faiste 29
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o Zx Qlup= FMEFY 7|20 E FE HESS 12 CD34+ A X7} o8 7}A B3 A A= (fibroblast
3}

7t g A, 7178 oA Heke A, 28aL Fofie o]F growth factor, vascular endothelial growth factor,
o] Eth+ 1*21]7‘4 o] 0|3 A| =& SukalslT Qo). angiopoietin-1)-& = o,
I o]A&o] aE AYE F e tE o222 F9] Hernigou 5% Steinberg stage I, 119] 7] @A A

5t Z5 A7 RAARL 2A51= Alo] BTl HBu]E thaty HEs
’5‘1 AR o2 i AAS F7HAA AR =8
7 H‘“‘E}b A °1EP‘” ol CD34+ xﬂ:{ 28 £3  Gangjii ' %
[e]

% A7k 25 ol

B 267147 A=
= BF3 Ay zbzE 97%, 92%9] AEFES Basigrt.
< @A 3] A7)
3L o stage 22| P& FAH R on] QA A<

a4 719143} vl

Fig. 1. Forty-eight-year old male with osteonecrosis of the both femoral heads. To check amount of osteonecrosis, we
evaluated T1-weighted coronal and sagittal magnetic resonance image. (A] Relative value of the osteonecrosis was
evaluated by the tool measuring size in the picture archiving and communication system (PACS). (B) Necrotic angle of the
osteonecrosis was evaluated by the tool measuring angle in the PACS.

Table 1. Survival Rate according to the Stage

Stage
| A 11B
Case (n) 30 42 29
THA (n) 10 9 10
Collapse (n) 0 0 3
Rate (%) 66.0 78.5 55.1

P-value=0.111
THA: total hip arthroplasty
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Itk AL Baslod(10% vs, 62.5%), 7] HEF5F
HAtellA] A7t F4 o] Algo] Aol QA A=
ol d F g BTt
12]31 Kang 5°-& AL Z AlA L 27} FFol A 2}
7} SFHAAEL o] A&S o] AP w FF 3270Y
FA #F A 83.3%9] AN A T TAE
Hoka B ustgdtt, A7 4 o]AleL dlE 35 AlF
A frdshe 27] 9Ale] A8 ol FojR] o]
] Uy ge e 1 o H]EH Amwog HAot= Aol 9l

o il >

74’}13}. i J 2 gy 01]/\1‘— ‘ﬂ'.’_,‘i:%z] ore A
2 Basr|E h:}z“_

B AT A& Ficat stage 1, TIA, IIbol|A] & & HF 88
g Fet BadEs @ﬂr Z}zZ} o] REE0] 66%, 78.5%,
55.1%% Ry, ol 2L A$ A2 E 314 2Uge o
o] 27l dE =F %@*é A} F 73%, 7% A 5
9 el diE 279 537 BT AA4d9 Aot
2 Zol7} AT, & AF AP F 27] 1-2d F
HHS7} 90 ol Ax 2 sixjSe] Z=pa nErl =
& oo}, 5 o) A Tl FHA IEEE T
A=l o AAA] Ad&s Al tE =5 738
23 Ate] 2k W E ) vlwste] & holE HolA| gttt

F5ol AU 7] @9 A EAtell JlojA® It

A7} & BSolE Wol P H7| ulito] 2R AAEL
ol elxlz Wr|Ho} 273 @aFelA el Hi =771 o
F 83tk shlrh. 1 A Aol A Koo 72
3717} 33% "|REL 739 13%0llA Wol] e =25k, =7]
7} 33% o]/o]® 95-100%0l14 Ho] eFhear B 1s} g
t}. Min¥} Kang®& F54F S ALo|A =717} 30% wgt
A 7% 0-1%, 30% oY A 78.6%M e FF &
o] HASEATEAL B 315t} Stage I, 11 F3A q;«}g
Z]"’ﬂ}‘i Z Q3 o3 Qlzl= FALe] = 7] o] Steinberg 5
2 L] =77} 15-30%2) 797 15%21 7390l &) A]
ATHAE W2 FEo| 48} Erhal Hugot 2 A
2% 27 A g oz 9o 1 A3 AL 37
FFE AEE] ¢ Y RS Qi) =3 ARz
o] Z7IEFE AEE 94 ¢ s ﬂowzn, E 1=
HE, SAE 5 WHdsE diE S5 &l o Bk
ol GEHA QJomt B AFAa = 1415 4 el
B399 AEE] FHRE 71 T 100% %001 25 W
Hel 45 61.9%2] AEL&S B}

ol QIAbel| QlojA], ZEH|Zol=7t E5Fgt olF A
de] ¢EA Jor 1 ¢ OJQE T A 9] E7] ME
! 2312 o] Doz glgo] RuEHYh 7] dE
AbellM & H?%Wo{l o3 FuATE FFL
ZINE ARFe] FFdivte R o,

4y k1o rlo
iy = >*‘”

Table 2. Survival Rate according to the Size of the Necrosis and Necrotic Angle

Variable Survival rate (%) P-value

RV-a* 0.048

<15 100

15-30 75.0

30-45 57.7

>45 61.1
Sum? 0.001

<200 95.5

200-250 80.8

250-300 53.8

>300 68.5

*RV-a= RV-c+RV-s / 2, 'Sum= NA-c+NA-s.

RV: relative value, RV-a: average RV, RV-c: RV in coronal image, RV-s: RV in saggital image, NA: necrotic angle, NA-c: NA in

coronal image, NA-s: NA in saggital image.

Table 3. Survival Rate according to the Location of the Necrosis

. Location
Variable
Medial Central Lateral
Case (n) 10 7 84
THA (n) 0 0 11
Rate (%) 100 100 61.9
P-value=0.07

THA: total hip arthroplasty
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Hernigou S7% % 2g| 20|29} #A7]o]2]o] Helel
A7}t 24 gkgtom] g 2ol=, A7]o]2], 28|
Zo] gJolel A CFU-F7} dA3] Ao 9SS
3ttt Ha 5% W S w37 A8 2o|= AL
FE o] F QAL Hrkar Bk, B AT s
o2 frofotAls APAT ZE|Zo| =5 ARSI B¢
37t FA & UTHP=0.08).

o] AFE A7} Z4 o] 2led) thir A AFES o] A
BT BAES o= 3 A7olrld o}TE_ & A=
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3 g5 25 YA 27] DA AFE A7 E4 o]A&e] 7] d3E A W HAHAEE Z
35 Frsta o ¥ QAE B st ehct,

o 9 ¥E: 20039 11957E 2008W 497HA] A7E F4 o]Aled A2 27 HE EF 23
AL 82 1059 (1139) F 59 ol FA] 73t d 939 (1019)E AL E sHgth dAE HrkR
& A3} FF FA] Al Harris 2134 A5 S0 L A58 A2 A3 A3 g 5
g0 A JRE 7|ZF 02 AE LS FIITh WAKISH o2 27| 3 FAFolA FAL] A
AR} Azl {05 syt Ql=AE BrlsHgh vol, A, Q1 A, ¥, HAke] AdE
A 9 Ao w2 &L EA4S B3 AT AAE Yot A} st

A3} Y3 Harris T3E A4 35 FA Al & o vl3] 9u] gl HsE HolX| ottt 1014
% 35994 AFHE AT&S AAsF o 6o HE FF FE 270 FHEYL o] T &
H2o|=7t 9% A5, AAT} Sl $Ig A, 27] A WA o] AAY FAtzbo] E F9ofl=
olu] = AEE A3E BIoL; o] A Ak A] §7] T2 AEE A3lo| 2u] = FFL 0|
A A ook,

AE: A7t 5 olAEL 27| UE 25 A FAEY QAE PSS SHAT AL PAMAEHE o
2 APst= RS AGAE 5 S+ A U R AAF oY F7] BF A7 GAR] diE 2F =
ALY A HE T FARRE W3S Bl

galgol: o5 FF FYA, A7 B4 ol 4%, A A
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