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Study on the distribution of necrotic tissue in steroid-induced osteonecrosis of femoral
head patients based on three-dimensional reconstruction of CT
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[ Abstract] Objective To observe the volume and distribution of necrotic tissue of femoral head in steroid-
induced osteonecrosis of femoral head (SONFH) patients by three-dimensional reconstruction of CT. Methods A
clinical data of 25 patients with SONFH between September 2016 and December 2018 was analyzed. There were 22 males
and 3 females, with an average age of 38.8 years (range, 20-63 years). The necrosis of the femoral head was in stage Il of
Association Research Circulation Osseous (ARCO). The disease duration ranged from 3 to 18 months, with an average of
9.2 months. A three-dimensional reconstruction with CT data of SONFH patients were performed by Mimics Research
21.0 software and the femoral head was segmented into eight regions by 3-matic Research 13.0 software. The volume of
necrotic tissue of the femoral head and the volume rate of necrotic tissue to femoral head were calculated and the
distribution was also analyzed. Results The three-dimensional digital model of the femoral head showed that the
necrotic tissue of the femoral head was located above the anterior superior medial, and the area of the necrotic tissue was
in a dome-like shape. The results showed that the necrotic tissue in the femoral head was mainly concentrated on the
anterior superior internal area, the anterior superior outer area, and the posterior superior internal area. The volume of
femoral head was (48 399.52+9 408.90) mm’, and the volume of necrotic tissue was (20 917.08+6 566.94) mm?, and the
volume ratio of necrotic tissue to femoral head was 44.75%+15.72%. The proportion of necrotic volume in different

regions was different, and the necrotic tissues were mainly distributed in the anterior superior internal area, the anterior
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superior outer area, and the posterior superior internal area. Conclusion The volume and distribution of necrotic tissue

in femoral head can be evaluated quickly and intuitively by three-dimensional reconstruction of CT in Mimics software.

[ Key words] Steroid induced osteonecrosis of femoral head; three-dimensional reconstruction; Mimics software;

distribution
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Fig.1 The bone (yellow) and necrotic tissue (blue) of femoral
head identified by Mimics Research 21.0 software
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Fig.2 Schematic diagram of eight regions of femoral head a. Center of femoral head; b. Center of round ligament of the femoral head; c.
Center of femoral calcar; d. The whole view of the division of the femoral head; e. Anterior view of the division of the femoral head 1: Anterior
superior internal area 2: Anterior superior outer area 3: Anterior inferior internal area 4: Anterior inferior outer area; f. Posterior view of the

division of the femoral head 5: Posterior superior internal area 6: Posterior superior outer area 7: Posterior inferior internal area 8: Posterior
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Fig.3 Reconstruction of three-dimensional digital model of femoral head The yellow area for bone tissue of the femoral head, and the blue

inferior outer area

area for the necrotic tissue of the femoral head a. Front view; b. Back view; c. Right view; d. Left view; e. Top view; f. Bottom view
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Tab.1 The volume and volume ratio of necrotic tissue in diffe-
rent regions of the femoral head (n=25, X+s)
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Fig.5 The volume ratio of necrotic tissue in the femoral head

TN | IR 9T O FE W g AU PR A B A
. Sugano 2454 Ohzono 3 A IRAEIX 1E
RO IR Y PRFEIX AR, R BRIRSEIX A = 4E4h
PRI, S m T B R R T A HERRTE . Song
SFIET MRI QI 2 B Sk SR A0 R ek B
B RIRFCH LA L, R IR ETEAR R A =LAl
THIRFEH LU 7 Lol o 7 ¥ AR R 1E =4 A
ZERTH RN SEAHSUE I, B IERIRIEH N L A
WTE , s RADAEAE— 2 1R 2 . Malizos %2
F MRI B EAZ 22 e AR A IR AR IX I, 454 14


http://www.rrsurg.com

ThE 55 AR E 2020 4E 1 48 34 #4510

JEIERZ PRSI T AR I AR, S =42
Fakby s, (R R 2 MR SEFIR IR & . A
WFEEET Mimics BRI CT BIE, T LIEEBCE
SLIEH ALMIRICA LR R G AT =4 d g, LA
2152 s RN = S R 1= /S5 T Pt A
b, AAURIE T e Sk A7 B AR BEAS i £ 3 A Ao 2l
AR i ELAE B B R | v b S IR SR 2 SR
FROSCH: 5 ek B 43 b, EOUHB ISR i Sk SR FE 4
LU IE AR B AL, IR YT I7 58 0 SR AR 5
R, IR

BRI E Sk R R A SUABUE i BB S B a4, IR
U IX 119 43 A7 RS X s 11 1 At FLA B ™
Nishii 55"t 300 A 35 4 1) T 15 sk o 22 J 2 3R A T
2 4R, FIH =4 E d# MRI B i IRt 4 4155
A SR, Z 70 mE 73 AR R 23 A 540 B iR G
P, G5 R I RFCLH SRR (& 1B Sk SRR L 41
1T 30% o, BRFE XU AT 30% B, 15 FE RURS:
PR TIRSLH A ORI

R 58 e Sk 43 X 5 s F2 AR 2 5 67 T 1L
X, SR JE AR IR T PRS2 25 0 A G R
3R NANEY v e A AMIEL, A £ X
JBE B Sk YRBE B e 2 30 ™7 (ELI 4328 0 v T
HOASERED . AT IR 2O HL A A R Sk
WICH LU AT IGO0, ORI 2 738 TR AT 5L T I
3k SRR 43 X 5. Malizos %A MRI =
AR v SR AR I L SR THRIRSE A A A i A T
A TR I L = /S 11 B 1 T | P T A
S 11 R P PN 1 P N = [ PN = o NN =1
TNXHE T AR 8 AN IX, B 2 U b A iR
WICA LR B IEOL . ARSI LR s # 7 X
AT X, G55 R SRR 20 S B iR e IR Sk i
BN T EAMX A BN IX, 25 R SR 4
) 60%, T 5 SR SELH 2L B AR FR L ) B 43 A A L 5
Nishii %", Hernigou %"" & Bassounas %5 Ay 5%
HEREDL

AW CT = 4R AR R E it /A S8 T
JBCB S IR LA SUAFR RN 43 A1 15 000 0 TS ANPEAS , 1B
FAE—EANRHMBRE . 55—, AUTRMAEE LN
ARCO TN TR B K IR LR, HESRAA 5
BN CT WOk, PIAEAED; 3B, BRIRIEAH A
T A — A 25 1 BRI K BTG &, {3 CT £
AR —H e i, SRR E M SR 2
5, AFTEF MR 2E

£ B3R, R Mimics JFEAT CT IR =4k &
AR B B Sk KPR ST AR 254, i LR

e 61

R0 T BB Sk RSB 2H SUA TR KA [] X 53 A 1
DL, A R PSR BB Sk R BB 2 2L R 2 b ey i B2 (RS
ISR

EE T RER A TIEIRE . RPBIEAALT. &
35 X R R T HIBIE R LI AT R B, F
R FTHIBICEREIE, B, 2R f AL, 4its
M. LES,

FIERMR: IR AEH Ao, ERAARALFRE T TR
HEAZFR, RBER LHFEH P X FENEF TR
FAR B R Gt AT B L Hhad .

MAREEE: AR5 EE2TEARMAELEREFICE
AR AP (BFH S2019-019-01 5 ) .

S 3k

1 Pouya F, Kerachian MA. Avascular necrosis of the femoral head:
are any genes involved? Arch Bone Jt Surg, 2015, 3(3): 149-155.

2 BB, L, RIRAR, 45 SR T S A IR SR RS R A
AIRFE A L 5 S R . T e R SRR,
2018, 32(7): 866-872.

3 Silva LL, Castelar M, Matos MA. Quality of life in pediatric patients
with avascular necrosis of the femoral head. Ortop Traumatol
Rehabil, 2016, 18(5): 445-449.

4 Zhao DW, Yu M, Hu K, et al. Prevalence of nontraumatic
osteonecrosis of the femoral head and its associated risk factors in
the Chinese population: results from a nationally representative
survey. Chin Med J (Engl), 2015, 128(21): 2843-2850.

5 X, BIUH, LR, 5 B RIRPE X = 4R AR R T K
NS, 4 LU CRRBESY, 2016, 20(44): 6629-6635.

6 RXTE, WIHE. RO BCE S IR LA T AR T Y HEmg SR o
EEE B ESMEH 4R, 2018, 32(7): 792-797.

7 Gou WL, Lu Q, Wang X, et al. Key pathway to prevent the collapse
of femoral head in osteonecrosis. Eur Rev Med Pharmacol Sci,
2015, 19(15): 2766-2774.

8 ERLLAK. CT FIRLHEHARISWT I B S TRFE 1l PR A (B L 43 #r.
STH PR ZS AR, 2017, 17(8): 98-99.

9 B CT SBREILIRS WIBCE K IRPE 3 Ik RACR R HE 23 #r.
FRPH RSSO L HL T A4, 2017, 5(16): 93-94.

10 FERLE, 28GRI BT CT Smihir H T L IRSE B 512 T
PRI RBOR. BURE T4, 2016, 25(3): 568-569.

11 2. R R S BB CT SRR 1 I K2 Wi (A
TIINEEST, 2017, 36(7): 183-184.

12 S B kRS CT SRR LA 5T, T
CT il MRI %43, 2012, 10(6): 102-103.

13 Hansen BJ, Harris MD, Anderson LA, et al. Correlation between
radiographic measures of acetabular morphology with 3D femoral
head coverage in patients with acetabular retroversion. Acta
Orthop, 2012, 83(3): 233-239.

14 Van de Velde ], Bogaert S, Vandemaele P, et al. Brachial plexus 3D
reconstruction from MRI with dissection validation: a baseline
study for clinical applications. Surg Radiol Anat, 2016, 38(2): 229-
236.

15 YangZ, Guo Z. A three-dimensional digital atlas of the dura mater
based on human head MRI. Brain Res, 2015, 1602: 160-167.

http://www.rrsurg.com


http://dx.doi.org/10.5604/15093492.1226274
http://dx.doi.org/10.5604/15093492.1226274
http://dx.doi.org/10.4103/0366-6999.168017
http://dx.doi.org/10.3969/j.issn.2095-4344.2016.44.013
http://dx.doi.org/10.3969/j.issn.2095-6681.2017.16.070
http://dx.doi.org/10.3109/17453674.2012.684138
http://dx.doi.org/10.3109/17453674.2012.684138
http://dx.doi.org/10.1007/s00276-015-1549-x
http://dx.doi.org/10.1016/j.brainres.2014.11.038
http://dx.doi.org/10.5604/15093492.1226274
http://dx.doi.org/10.5604/15093492.1226274
http://dx.doi.org/10.4103/0366-6999.168017
http://dx.doi.org/10.3969/j.issn.2095-4344.2016.44.013
http://dx.doi.org/10.3969/j.issn.2095-6681.2017.16.070
http://dx.doi.org/10.3109/17453674.2012.684138
http://dx.doi.org/10.3109/17453674.2012.684138
http://dx.doi.org/10.1007/s00276-015-1549-x
http://dx.doi.org/10.1016/j.brainres.2014.11.038
http://www.rrsurg.com

¢ 62 e

16

17

18

20

21

22

23

Chinese Journal of Reparative and Reconstructive Surgery, Jan. 2020, Vol. 34, No.1

Lieberman JR, Engstrom SM, Meneghini RM, et al. Which factors
influence preservation of the osteonecrotic femoral head? Clin
Orthop Relat Res, 2012, 470(2): 525-534.

Sugano N, Takaoka K, Ohzono K, et al. Prognostication of
nontraumatic avascular necrosis of the femoral head. Significance
of location and size of the necrotic lesion. Clin Orthop Relat Res,
1994, (303): 155-164.

Sugano N, Ohzono K, Masuhara K, et al. Prognostication of
osteonecrosis of the femoral head in patients with systemic lupus
erythematosus by magnetic resonance imaging. Clin Orthop Relat
Res, 1994, (305): 190-199.

Sugano N, Atsumi T, Ohzono K, et al. The 2001 revised criteria for
diagnosis, classification, and staging of idiopathic osteonecrosis of
the femoral head. ] Orthop Sci, 2002, 7(5): 601-605.

Song WS, Yoo JJ, Kim YM, et al. Results of multiple drilling
compared with those of conventional methods of core
decompression. Clin Orthop Relat Res, 2007, (454): 139-146.
Malizos KN, Siafakas MS, Fotiadis DI, et al. An MRI-based
semiautomated volumetric quantification of hip osteonecrosis.
Skeletal Radiol, 2001, 30(12): 686-693.

XL, Foik, Ak, S8, JBeR Sk B IRSUIR B BT BT SE ik 2. ik
FEBEAR, 2018, 39(9): 814-818.

Nishii T, Sugano N, Ohzono K, ef al. Significance of lesion size and

http://www.rrsurg.com

24

25

26

27

28

29

location in the prediction of collapse of osteonecrosis of the
femoral head: a new three-dimensional quantification using
magnetic resonance imaging. ] Orthop Res, 2002, 20(1): 130-136.
Takao M, Sugano N, Nishii T, et al. Longitudinal quantitative
evaluation of lesion size change in femoral head osteonecrosis
using three-dimensional magnetic resonance imaging and image
registration. ] Orthop Res, 2006, 24(6): 1231-1239.

Yoon TR, Song EK, Rowe SM, et al. Failure after core
decompression in osteonecrosis of the femoral head. Int Orthop,
2001, 24(6): 316-318.

SRA, A5, IME, B TSI MR BRI E Sk IRFERTR
DE SH1 T12 D05, PR 2% 0E, 2006, 40(3): 288-292.
XUTZE, JaBh, MR, 5. BT Sk IR FU 58 e S0 B () (A
ARABL. PEBEEF#IMFRE, 2017, 31(8): 1010-1015.
Hernigou P, Lambotte JC. Volumetric analysis of osteonecrosis of
the femur. Anatomical correlation using MRI. ] Bone Joint Surg
(Br), 2011, 83(5): 672-675.

Bassounas AE, Karantanas AH, Fotiadis DI, et al. Femoral head
osteonecrosis: volumetric MRI assessment and outcome. Eur J
Radiol, 2007, 63(1): 10-15.

Wk B . 2019-06-17 &0 HH#]: 2019-11-08
AR X


http://dx.doi.org/10.1007/s007760200108
http://dx.doi.org/10.1007/s002560100399
http://dx.doi.org/10.3969/j.issn.2095-5227.2018.09.018
http://dx.doi.org/10.3969/j.issn.2095-5227.2018.09.018
http://dx.doi.org/10.1016/S0736-0266(01)00063-8
http://dx.doi.org/10.1002/jor.20134
http://dx.doi.org/10.1007/s002640000186
http://dx.doi.org/10.3760/j.issn:1005-1201.2006.03.017
http://dx.doi.org/10.7507/1002-1892.201611084
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://dx.doi.org/10.1007/s007760200108
http://dx.doi.org/10.1007/s002560100399
http://dx.doi.org/10.3969/j.issn.2095-5227.2018.09.018
http://dx.doi.org/10.3969/j.issn.2095-5227.2018.09.018
http://dx.doi.org/10.1016/S0736-0266(01)00063-8
http://dx.doi.org/10.1002/jor.20134
http://dx.doi.org/10.1007/s002640000186
http://dx.doi.org/10.3760/j.issn:1005-1201.2006.03.017
http://dx.doi.org/10.7507/1002-1892.201611084
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://dx.doi.org/10.1007/s007760200108
http://dx.doi.org/10.1007/s002560100399
http://dx.doi.org/10.3969/j.issn.2095-5227.2018.09.018
http://dx.doi.org/10.3969/j.issn.2095-5227.2018.09.018
http://dx.doi.org/10.1016/S0736-0266(01)00063-8
http://dx.doi.org/10.1002/jor.20134
http://dx.doi.org/10.1007/s002640000186
http://dx.doi.org/10.3760/j.issn:1005-1201.2006.03.017
http://dx.doi.org/10.7507/1002-1892.201611084
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://dx.doi.org/10.1016/S0736-0266(01)00063-8
http://dx.doi.org/10.1002/jor.20134
http://dx.doi.org/10.1007/s002640000186
http://dx.doi.org/10.3760/j.issn:1005-1201.2006.03.017
http://dx.doi.org/10.7507/1002-1892.201611084
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://dx.doi.org/10.1016/j.ejrad.2007.03.028
http://www.rrsurg.com

