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Abstract

BACKGROUND: Autologous bone is considered the main material for spinal fusion, while synthetic
materials overcome the shortcomings caused by the autologous bone (complications and limited source)
and become the most promising bone graft substitute materials.

OBJECTIVE: To investigate the effects of nano-hydroxyapatite (nano-HA) coating and combined magnetic
field (CMF) on the biphasic calcium phosphate (BCP) transplantation for rabbit posterolateral lumbar fusion.
METHODS: Forty-eight rabbits underwent bilateral intertransverse processes fusion at the level of Ls.,
and were then randomly divided into six groups: rabbits in group G1 received autologous iliac bone graft
and CMF treatment; group G2 was given nano-HA/BCP and CMF treatment; group G3 received BCP and
CMF treatment; group G4 received autologous iliac bone graft and placebo; group G5 underwent
nano-HA/BCP and placebo; group G6 received BCP and placebo. CMF treatment was performed 30
minutes each day for 8 consecutive weeks beginning at 1 week after surgery. These rabbits were
euthanized at 9 weeks after surgery to evaluate spinal fusion effects through palpation, X-ray examination,
CT examination, histological analysis (decalcified and undecalcified sections) and biomechanical
assessment.

RESULTS AND CONCLUSION: The palpation, X-ray and histological examinations showed that there
was significant difference in the fusion rate between groups G2 and G6, the highest in the group G2, and
the lowest in the group G6 (P < 0.05). The bone ingrowth rate in the group G2 was significantly higher than
those in the groups G3, G4 and G6 (P < 0.05). The normalized optical density index of fusion mass and
bending stiffness in the group G2 were significantly higher than those in the other groups (P < 0.05). CT
and histological observations found that new bone trabecula grew into the biological scaffold, exhibiting
osseointegration. Factorial analysis showed that CMF and nano-HA coating could significantly improve the
spinal fusion rate, fusion score, bone ingrowth rate and bending stiffness (P < 0.05). In conclusion, CMF
combined with nano-HA/BCP for rabbit posterolateral lumbar fusion can significantly ameliorate the fusion
rate, which is analogous to the single autologous bone; therefore, it can be used as a new spinal fusion
method.

Subject headings: Lumbar Vertebrae; Spinal Fusion; Nanocomposites; Hydroxyapatites;
Electromagnetic Fields; Tissue Engineering
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2 %R Results
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L 22 50 M (P > 0.05). #2047 S s A 2
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Table 1 Experimental animal grouping
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Figure 2 Comparison of the normalized absorbance index of
fusion mass by X-ray examination among groups at different
time points after surgery
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Figure 4 Axial images of the fusion zone by CT scan in each
group at 9 weeks after surgery
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Figure 8 Undecalcified
histological sections (toluidine
blue staining, x40)
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Figure 9 The error bar chat of bone ingrowth

rate of the artificial bone in each group
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Figure 10 The error bar chat of residual rate
of the artificial bone in each group
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Table 2 Comparison of spinal fusion evaluations by palpation, X-ray and histological examination among groups

TAHBIRES : G6 H: LI+ VU BEIRAY -

WH G1 G2 G3 G4 G5 G6
file gy fili e (n/N) 14/16 15/16 11/16 10/16 12/16 7/16
PEM(XES)  1.75£0.46 1.88+0.35 1.38+0.52 1.25+0.71 1.50+0.53 0.88+0.64
X ¥k Rl (n/N) 14/16 14/16 10/16 10/16 11/16 7/16
P4y (xts)  4.88:0.64 4.75x1.04 4.00+0.93 3.75%1.04 4.50+1.20 3.00%2.27
ML G (niN) - 7/8 8/8 5/8 4/8 6/8 3/8
VE4r(xts)  7.2521.16 7.50+£0.76 5.88+1.64 5.87£1.25 6.50+1.60 5.25+1.91
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s G5 A R+ ARIRIERE AT ANBER S ;. G6 AL: SR+ XA BEIRES o ML X St n=FHEf A %, N=2 %, 491%% n=
TAERE AL N=FRA ) BH.

®3 BE=-RTHMTWERER (xts)
Table 3 Comparison of results in three-point bending test among groups

i H G1 G2 G3 G4 G5 G6

25 h NI (N/mm) 102.49+£20.62 140.19£24.32 94.37+17.94 82.33+17.41 108.05+8.54 85.44+20.23

I KM J1(MPa) 374.18+36.14 436.75+45.32 543.47+32.67 368.64+43.63 378.38+21.49 316.88+18.38

I KA T (N) 475.80+£52.13 555.40+47.82 691.10+£38.83 468.80+£40.25 481.10+£32.17 402.90+£25.37

Ferk: G Ul MEHIA AT G2 Ul UG+ PRI IERE AT AR ; G3 Ul ALG A+ UAIRERYS; G4 Ul. 2RI+ M
Trs G5 UL RFI+IKIEIERE AT WA ; GO 4L Sl I+ AR RS .

Wi, BENTIHALRY(P<0.05); G241 B % T YAl R T AL S AL, (H B2 5 T Ge41(P=0.029),
G1, G4MIGS4I(P < 0.05), R&EMAMMEERTLERENE  JoAb &AL FhA 222 57 0 W P& (P > 0.05). A
B X. G1, GAMGSEA Al o i E V= X (P> 0.05). S HT B R AR B W R % A A H E H (F=0.108,
WA AT B m N T sk R RS P=0.898). AN E LAV AEHS W8 M5 %, H29%
AT (P < 0.05), {FUN B AAH 2B E I BAEH . (F =5.277, P=0.027); B LV AW 12 Mm%,

2.6 MBFSHLER }125%(P=0.06).

2.6.1 FHAGFNER SAPFFRE R 0L ES5. G2 FAEFERLA P WE6. G2A4Lmh & VT4 i
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TG3, G4MNGE(P < 0.05), G141JrE# T G641
(P=0.008), &M ERLREERLP >
0.05). # K437 W m ARIB W IR 25 2 18] %% 5 A8 B4
(F=0.272, P=0.763). A 3 1 %M ¢ & b & vF 4
1.0(F=5.81, P=0.02), B % % M 4% = fil & V7 5
0.96(F=4.206, P=0.022).

WSS ] WAL B M e, N T J TR A o A i
i, HRANLEN, ERCETEAE, A B S
/NGRS 3 P AR5 IR B A M 3 At
P45 HHE(ET). N THEFLBRPN BF A 424l
J8G AT L A R B A AR, A R N RS LI
W, AR, N TEARSRE, AR, B
(B8), K 4N Se e A=y R IR, e 4 R AN 401 4
f/ W, JERT LB 2 AR, R AR e R
FE40 i J) PR 8 A A, A N ey J) TR P 8 vy L 38 22
HAMRESE . G2 N L& HAE#E MR fE, AL
WA NN T LB, A LB b A /N
SERTE S M 2%, T FLAL P T AR T A i T 3L T
AL, F R LS A 4800 32 . GeALHTE B /N B
A, FLBR AR 4RS00 3, PR BT AT TERG (BB
(Esvk: SRRl RS i) N e A N I O il SR R T
YN R % - GIFNGHAIATNT GOZ Kt Hr A F H4hn,
R EF Ykl B2 5 AR 4 AL L E50% A 4
N T JE e e i i Ak 32
26.2 ANTHIBHEEAL G4lE KAL)
W T HAL K4 (P < 0.05), GEALHILIT i #LTG3
ZH(P < 0.05)M1G541(P=0.054). H7 X274k B B rAR
BIA 25 1 £ 0% 43 91 4 10.305419.865(P=0.001)(E9)-
2.6.3 ANTEBREZE  TEBAE B B R PR A
T IR, PP VSR N T R B TR 1 43 2% 45
RS (E10), G241 N T 5k ¥ % dw /> H38%, WK
TG3HIGBZ (P < 0.05), RE-MHIKHF IR ZERT W #
PEE (P >0.05), #riXlp#rai R or, AR N T
B AR BEAT 5 (B4 I (P=0.13), BIX & fighs i & (it
N T4 F4# (P=0.003).

3 i}i¢ Discussion

3.1 AEEG+ R BEBER B IR EI A AAERASAL
BB A GYeh  Linovitz Z2%% Uik RCT XUEHF
FEALE RIS TC N ] 8 AR s, RS 9 AN HIGYT
IR 2 64% 03 T X AL 43%(P=0.003).
Marks® VIF 5 5 7 ik e 37 B % W 5 12 v WA 5 &M

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

R, (EHFERER, PEmmARTATT SRk g R
Ny HEWEHIRIT et B R AR AR E 2 4L
BUFHBARES N L G AR IS AN G 56 o I fdbsidi VP it 45
HATHTIR 00T, AR 6T Beigde Ml a % ) 23%, B
KR BRI MG F R 19%, i WEEE X
(F=6.747, P=0.011; F=3.513, P=0.034), Xiilj4l#
i3I T ALK R IEE A 2 B e B 5 IR A
e, UG B+ ISR IR IR AT B IRES (¥ RS SR A3 3
MG 2 (94%), WET 548l QAR (63%),
PEE A A+ F R A B A R EE L (88%) . 1
MR B FR AT DRl o3 A 5 SR 1 — 0 SRR T iy &V
v I, AL R Ia T RAUKIR ISR I A TR 2 e 2
PR A XA IEWOE TR, BLIRL A DI B % A 3 T
PErn, IXFORAA DX FT A B A R i AT
W, lto S5EPAITITST R ik FL I R 4 e it 2 DX
RE, JF H AR BRI N [ e 5 R A R R . CT H14
STRTE G2 AN T WA BT e i) i i 4 35 22 T 2L N
AN 1 HBEE AN T PFBE I .
TSR B 4B Wil AN AR K BRI A TR 2 B Y
RIS N L R EHE fS AR &%, AR
AR S ey, A RERIRYT (R TN S AR
B, BE TG R DA BRI G 9K R L
IRATI AR IR B A H A B AR A ROR, B iem
THRER SR, LR TRl A A R
3.2 WEHG+IMRFERBER B IR B AAR RS KR
FegHen BRI R KA B TH
FE A DF 23 U8 0H 415 B3 R4 K BRIl K F VR 2 e %
BESCEMA PR, ART S R . S5 1Ah
UALE, G2 4K IR B AT U B RRES N T JH
HEZHGF A, 5 AREaEHRS, HEs:
HWHE RS AT TERCE LS. LN EEZEK
Ao HRNE S, DA A, BN .
VB I LE R 2L 77 55 SR PR o 5 ok 8 7 0 o) 38
Z AU EERE A YRR TR AR IS SMU G A (RS, 4551
SRR 2 Ik v 75 Y R 0 S T A T
KNFRIEBEIRATILR A, (R a4 e 4 a4
NS B FREE, LEAE AL S R 10T S e M s A 0 ok
TR IR A5 W3 RS (e b e I B A A S R vl TE R
NIV R S B2, 92 25 R R AE G2 AT
HALBRAE 2 B A NN, B NG S, LA
BRZE R 32 N P EBFLBR A B A= B TR R k22 1244t
ANTH41(G3. G5 Al G6 41), N THFLEAHE KA
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RER G2 A #E T G3. G5 411 G6 41(P=0.002,
0.002 #1 0.000), ififH G6 b #KT G4 1 G5 41
(P=0.039, P=0.052). H[7r#r2hH Bondl & misn g
KIRIEME IAR 2 BE P KL (P=0.001), X1
NS VAT S R0 Y N N A iR T R v M N = N
ANT AT N EBALBR, AEFLBR PR A A i, i HLBA L&
T3 7+ KB IEREIRAT IO AR 05 R R B e X AR U 4
BREHSEE T N LA AR YT, X5 Fini
2R g 4 LB X CT F 1S5 A BINE 52,
11 G2 21 JA I WA 2 (Wi B, N L85 Bk
AR EEERR, 1 G3 Ml G5 UM AR >, 1
G6 4L [ ] L2 2R A 2 P 4 B

MEELH L)y F1 CT 4G PIFP N i AR T A
DB T B i 2 I, 1 Ud A0 397 A T 1 [ B
N LA BTG et o BT DS 23 A7 45 R R IRAK R He il
TR e 1 RN T ik B 2k 12%(P < 0.05), 1fii
AT HBERRAIT 6% (P> 0.05), Xt 140 K R L K
ATER T RO B RS N Ty SR B A, . B AR
WA SR AN T BEMETER, SXFEA R T8
A AT B AR
3.3 S+ RFZIEFER B IR BT aA 0 A )
FeGRen SIS KR I ] R R 3 e 2 o
IR R N, B A S A AR 2 ek
A S5 ERS, AT RE, BN
IS SRS . Galzer Z5P0HE 10 Ui 22 K (140
H AR 5 A0 fl A B2 BE AL 23 Rk B 37 ¥E T
AR . 6 8 i ) 27 D2 o ko U b W 2 8
TAR R NI (35%), J K25 IR (37 %) FH f5 K 3 fi
(42%), RlE DXFT AR SR . CIRSEEE R =S
i SE 50 LA Ay R A8 5 A W R T B R I 59
J1EER g5 Y Galzer SE5G 45 FAH—2, G2 A il
WIS S, S A % 41(P < 0.05), G5 1tk i
F G4 Fil G6 4H(P < 0.05), G1 ALERT G4 (P <
0.05). HrIA /T Bondl A i ey B 2% 4w AT Rl &
25 NI E 20.41 N/mm(F=14.12, P=0.01), ‘B kit
N 3% A W 3R R AR AL A S WA 23.85%
(F=16.43, P=0.000). X W] ZH & 3 FI A0 K ERBE A% K
AR N T3 o 2 FLACH B IR A5 N LB AR A 1
YRR CE B WEAEH, DI A5 A RS W R AL
FABERRES N LB B RUA AR5 AM RS 1R ) 2 M Be, 416
WESH IR TT RENS W38 O N L B RER A 10 ) 24 PERE . AR
T 05 PR e DX K25 o 28 A e K Y. ) 5 25 i A1
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SERA—B G3 AR KNI Rl RS 3 fe K
BERTHALSA(P<0.05); G6 i KN ) Ml kK
M, BN TIHALS41(P<0.05); G2 AW+
T G1, G4 H1 G5 41(P < 0.05), 441 Lbig 2 5+
TREE . G1, G4 M G5 4l 0z 5L B E
(P > 0.05). dl&tinibyr L Esm N TE AKX
I ) R K25 fh 2544 (P < 0.05), % [ A4 8E B A7 )
SAER o SRS M2 ar AR N ) 55 Rl 25 i NI
SEUAR B, O A I A8 A i el
RO S IVIERIRE . WEAESEAT S #h F 4R AR (R AT
2 mim i [ PR 224k, T MRS B B A () gl kR
T d5e K25 i 28 i AR e KB ) WU) A3 ik DX B A 1) oz
KAes, XAMESZ A ARG 15gm, 1 HE 2 BIHEA R
ANNIY 31 /AN NS RS 171K e PN i 2 R i D RN S R
i 91 5 B A% A REMEAA S WA AT il S R

PEg: S RIS 1) 2 FLANKIR FEE A A XU
A N T8 BT AR . A TE R A
YA R OGBS IRATIR 2 8 B A% (e 1k A 25
SEERA RO, AR NATT G g R0 A
KA RS AT R AL IS SR & e W B 4 il & 2%,
BA ORIl BTl AR, i AL &0
TATT BENE s N LB IR A R A A 21

B BAETRER T EMHSE T G RAE B, Bl
P AR B T e Bh .

1EZTH: % —VE& @i EE M Bkt EahE
¥, H—VEHLFRATES, @RMEHSH. FZ. T,
AAEH SRR 4R K Rk, FhxT LFHATE K,
FACNIEANE N P e S

FUZENZE: PR A 2 FlATT X3 AR %A 04 K.

EFEEEE: 3 AR 2t sh ey L B A4S 2009
(Ethical issues in animal experimentation) #8 5% )46
BEREGEG, FRTETA XHMICERBLLE T &
KF RIEHMICEE R 2itibd k.

XEZE: LFHRITCLiE CNKI R 2B 5 L kten)
AHRMITIREZ,

XEHF: XFZENNEATINF ERNFINF, &
SARTEZIETE.

TEZER: % —Ve & Al il & 3T AR AR S 8996 L
P b I8 FSRAT HARIRTAE, X P H A RAEE K. K
(38T AR R )i R B R OB XA
NEAAEE, TEZEE.
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