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Effects of dietary calcium level on osteoblast activity and
tibia performance of piglets

Z0U Lei,]JI Hong-qin, LIU Yu-han,SUN Hui, QIN Gui-xin

(College of Animal Science and Technology sKey Lab of Animal Production and Safety of Ministry of Education,
Jilin Key Lab of Animal Nutrition and Feed Science ,Jilin Agricultural University ,Changchun, Jilin 130118 ,China)

Abstract: [Objective] The effects of different calcium levels on calcium content in bones, serum alka-
line phosphatase concentration,serum osteocalcin concentration,serum calcium concentration, calcium con-
tent in tibia and BMD of tibia of piglets were investigated to provide theoretical basis for using calcium lev-
els in dietary to adjust osteoblast activity of piglets. [Method) The completely randomized design was a-
dopted and a total of 60 experimental piglets with similar body weights (21. 8+2. 1) kg were randomly al-
lotted into 6 treatments with 10 repetitions in each treatment and one pig was a repetition. Piglets were fed
diets with six different calcium levels (0. 30% ,0.45%,0.60%,0.75%,0.90% and 1. 05%) randomly in a
single factorial arrangement. The preparation trial period was 7 d,and the trial period was 28 d. The serum

alkaline phosphatase concentration,serum osteocalcin concentration, serum calcium concentration and tibia
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performance were measured at d14 and d28 to investigate the effects of calcium level on ossification of oste-
oblasts and tibia performance. [Result) Alkaline phosphatase concentration in serum decreased at first and
increased subsequently with the increase of dietary calcium level, and the lowest value was observed in
0.75% group (P<C0.05). Osteocalcin concentration in serum was contrary to alkaline phosphatase,and it
reached the peak in 0. 75% group (P<C0. 05). Calcium content in serum of piglets had no significant differ-
ence with the increase of dietary calcium (P>>0.05),but the effects on calcium content of tibia,dry weight
of defatted tibia,ash content in defatted tibia and BMD of tibia were significant (P<C0. 05) withthe highest
values in 0. 75% group (P<C0. 05). [Conclusion] When the calcium level was 0. 75% , ossification of osteo-

blasts in tibia was the greatest and the activity was the minimum.
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Table 1 Composition of different calcium level diet (air-dry basis)
2 H #45 7k 3/ % Dietary calcium level

Component 0. 30 0.45 0. 60 0.75 0. 90 1.05
Fk/% Corn 65.008 65.008 65.008 65.008 65.008 65.000
% #k/ % Wheat bran 5. 897 5. 897 5. 897 5. 897 5. 897 5.426
M1/ % Soybean meal 15 15 15 15 15 15
1 ¥y / % Fish meal 5 5 5 5 5 5.1
HFFR1/ % Cottonseed meal 3 3 3 3 3 3
DDGS (E %) /% DDGS (Corn) 3 3 3 3 3 3
MR 445/ % Calcium bicarbonate 0.1 0.1 0.1 0.1 0.1 0.1
¥/ % Mountain flour — 0.418 0. 830 1.268 1.688 2.12
BEh/ % Salt 0.15 0.15 0.15 0.15 0.15 0.15
W17/ % Zeolum 1.817 1.399 0.987 0.549 0.129 0.089
MR R/ % Lysine (98%) 0.028 0.028 0.028 0.028 0.028 0.015
TR EL/ % Gunk 1 1 1 1 1 1
&1t Total 100.0 100. 0 100. 0 100. 0 100. 0 100. 0
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Table 2

Nutrient level of the basal diet (air-dry basis)

H ¥ 45 7K F-/ % Dietary calcium level

I8 R Nutrient index

0. 30 0.45 0. 60 0.75 0. 90 1.05
F¥ R/ % Dry matter 88.55 88. 54 88.53 88.53 88.52 88.57
ﬁi:ﬁf{i’/éﬁg‘ykgﬂ) 3.21 3.21 3.21 3.21 3.21 3.20
MLE M/ Y% Crude protein 17. 81 17. 81 17. 81 17. 81 17. 81 17. 80
5/ % Calcium 0. 30 0.45 0. 60 0.75 0. 90 1.05
M/ % Total phosphorus 0.54 0.54 0. 54 0.54 0.54 0. 54
AW/ % Available phosphate 0. 30 0. 30 0. 30 0. 30 0. 30 0.31
/% Salt 0. 30 0. 30 0. 30 0. 30 0. 30 0. 30
#iE R/ % Lysine 0.91 0.91 0.91 0.91 0.91 0. 90
iﬁf%ﬁ%ﬂg 2mino acid 0.61 0.61 0.61 0.61 0.61 0.61
HAMR/ % Methionine 0. 32 0.32 0.32 0.32 0.32 0.32

D SHRE AT R H R VA 5 000 TU, Vp 1 000 TU, Vi 10 mg, Vk, 2 mg,Vy 1 mg. Vg, 2 mg, Vg, 0.01 mg. R 0. 1 mg.
CuSOy » 5H20 30. 4 mg,FeSO; « 7TH;0 580 mg,ZnSO; « 7H2 O 512 mg,MnSO, + H,O 11.9 mg.KI 0. 36 mg.Na;SeO;3 1.1 mg;

DEFKRFEE IR

Note: 1) The premix provides the following per kg diet; Vo 5 000 1U,Vp 1 000 1U, Vg 10 mg,VK3 2 mg,\/p,1 1 mg,Vl»,Z 2 mg,VBlz 0.01

mg ., Folic acid 0. 1 mg,CuSO, « 5H,0O 30. 4 mg, FeSO,
mg.and Na;SeO; 1.1 mg;

2) Nutrient levels are calculated values.

1.3 HmRE

3 T IE RS B R 5 14 28 K, B BE AL
PEEL 3 HE B KRN 20 mL FAEBLEER ML T, 4
‘CF 3000 r/min B.0> 15 min #4517, —20 CTH
HORAERE . RILG % FARUE B 52 T 22347 )8 52
TR A A B B i b B 0 L TR R e
SR DU PR BT R R O3 A AR SR A HE A AR F AR T
—20 CUKMIRAEE . B4 RIE ., 5 B H A
89 J0 B 5 o %k i i R AT IBER  dh  SORUT RE T
4 CRAFE R
1.4 MEMBRFE
LAl i 45 R FIAR HY M Bk 2% 5 I Lb (i
T 7 LT A v L I IR P800 4x | s A Ak A i
AGHAT I 5E
1.4.2 fwdF R FmieEhsmEsy  MmiEHr ALP
P18 T P R 5 2R B R L i) SR R 1 R G
K A 92 187 60 R 8 2R TR A ) AT AR
1.4.3 ®4H4% 50 ERNE TR0
FEVE D B AL AR S AA-800 78 J5T -7 W I 43 o
JERETE (R PE) M 5E 25 8 o K AR Al
Ld. 4 pLrssFmE BIABEHEET 70 CHAE
rhRE 72 h SRR KA RE TR R T Sy 2 48 430 B RE
oA AL FL MG 2E L IF B T oK Sl SR, TE K
CBER R 1.1 F 5 B fr £ Bk 5 & 1R
Ja R BEIE A REAE 105 CHEAE ARt 6 b J5 R & L ED
RGBT

7H,0O 580 mg,ZnSO; + 7H; O 512 mg, MnSO, *

H,O 11. 9 mg,KI 0. 36
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Table 3 Effects of dietary calcium level on serum biochemical indices of piglets
H R 55 K 7/ % 14 d 28 d
level U-L™ (ng » mL=D) concentration U-L™H (ng * mL=0) concentration
0. 30 312.754+26.15 aA 4.38+0.23 aA 2.71+0. 31 aA 299.95+33. 25 aB 4,31£0.37 aA 2.67+0.47 aA
0. 45 228.3248.31 abA 4.697+0.50 bA 2.68+0.10 aA 272.60+26.23 abA  5.07£0.18 bB 2.78+0.06 aA
0. 60 212.61410.41 abA  6.18+0.49 cA 2.83+0.18 aA 253.96+16.31 bB 5.46+0.16 bB 2.8940.19 aA
0.75 148.01420. 35 bA 6.54+0.90 dA 2.87+0.05 aA 190. 35+19. 87 ¢B 6.04+0. 65 cB 3.05+0.93 aA
0.90 235.81428.88 abA  5.314+0.41 eA 2.74+0.09 aA 230.44+21.61 bA 5.88+0. 35 aB 2.95+0.04 aA
1. 05 322.184+39.57 aA 4.52+1.67 fA 2.78+0.15 aA 243.13+11.44 bB 5.724+0.76 dB 2.85+0.04 aA

TE RSB 5 /NG 7R A 8] 45 08 22 57 8 .35 (P>>0. 05) . /NE FREAN R 380K 22 57 3 (P<<0. 05) s RATEUE 5 K5 7 _EAH ] & 2R
ZERABIE (P>0.05) , K5 FHEARFE# KR %5 2% (P<0.05), N &M,

Note: Same lowercase letters in each column indicate insignificant difference (P>0. 05) , while different lowercase letters indicate significant

difference (P<C0.05). Same uppercase letters in each row indicate insignificant difference (P>>0. 05) , while different uppercase let-

ters indicate significant difference (P<C0. 05). The same below.
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Table 4 Effects of dietary calcium level on tibia quality of piglets

14 d
H R KT/ % - TR —
Divtary BEmaR/Y BERRTREe RERpaR/%  CHRERS e s
calcium level Calcium content Dry weight of Ash content in Bﬁ/ID [ the (ge+cm™?)
in bones defatted tibia defatted tibia ol the BMD of 1/2 of tibia
front of tibia 1
0. 30 11.96+2.17 aA 32.1940.78 A 0.56140.010 A 0.57140.013 aA 0.60040.012 aA
0.45 12.49+2.01 bA 35.5840. 84 aA 0.61540.018 aA 0.573740.006 aA 0.60540.008 abA
0. 60 12.99+2.11 cA 37.4840.52 bA 0.64140.009 bA 0.57740.008 aA 0.61440.008 abA
0.75 13.29+6.61 dA 39.3140.79 cA 0.64840.003 bcA 0.582740. 006 aA 0.61740.008 bA
0. 90 13.23+1.40 eA 38.4140.47 becA 0.63440.004 bA 0.57640.003 aA 0.61040. 004 abA
1. 05 13.16+3. 04 fA 37.4240.38 bcA 0.6284+0.003 abA 0.57240.002 aA 0.60640.004 abA
28 d
AR KT/ % \ : ST —
Dirary B/ BIRIER TR RAkaR/%  STIRERS e g
calcium level Calcium content Dry weight of Ash content in BI%/[D f th (g+cm ?)
in bones defatted tibia defatted tibia of the BMD of 1/2 of tibia
front of tibia 1
0. 30 12.75+2.07 B 39.89+1.82 B 0.56840.009 A 0.56540.001 A 0.59640.005 A
0. 45 13.06+4.12 aB 43.80+1.47 aB 0.61540.012 aA 0.58040. 003 aA 0.62640.002 aB
0. 60 13.69+2.43 bB 46.64=40. 98 bdB 0.64340.007 beB 0.58740.002 bcB 0.63440.003 bB
0.75 14.42+2.00 cB 48.1840.90 cB 0.64940. 007 cA 0.58940.002 cB 0. 63640.003 bcB
0.90 14.27+3.28 dA 47.4941.00 beB 0.63940.007 bdA 0.586740.002 bdB 0.63140.004 bB
1.05 14.19+£6. 15 eA 45.3441.07 dB 0.63140.102 dA 0.58540. 008 dB 0.625+0.004 aB
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Table 5

Regression analysis of indexes in serum and in marrow with tibia quality of piglets

ALP
I H Item

OCN 1375 45 Serum calcium concentration

75 #& Equation R? P

77 #& Equation

77 ¢ Equation R? P

B E /%
Calcium content
in bones
KSR/ %
Ash content in
defatted tibia

JBL R IR B T i /g
Dry weight of
defatted tibia

I3 B G o 2 B/
(g+*cm ?)

BMD of the

front of tibia
MR 1/2 b EE/
(g+cm ?)

BMD of 1/2

of tibia

Y=17.96—0.017x 0.85 0.009

Y=0.79—0.000 7z 0.72 0.032

Y=63.5—0.074x 0.82 0.014

Y=0.63—0.000 2x 0.70 0. 040

Y=0.70—0.000 3x 0.62 0.042

Y=28.07+0.017x

Y=0.38+0.044x

Y =20.34+4. 6x

Y=0.51140.013x

Y=0.51440.025x 0.792

0.934  0.002 Y=0.19+4.23x 0.820  0.013

0.897  0.004 Y=0.0440.205x 0.823 0.013

0.930  0.002 Y=—20.34+22.00x 0.922  0.002

0.901 0.004 Y=0.41+0.059x 0.788  0.046

0.018 Y=0.3540.095x 0.736 0.029
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HYERER AR R IEM DGR R (AR ARFNIE) . H
PSR AR H 4 o i OCN it & ok 2 5 12
B R K BN R AR R R
LN T R LS R B R R R EOR T
0. 905 LT 85 ¥ B2 5 5 IS 1 P2 BE 46 Am 249 52 IEAH G
KECHZ R REONIE) , B R BEA  H b i
05 e B 5 MO R 8 B T o R e T R R UL AR e

(R*>0.90),

31 ®

5.1 BRSE K E X F 55 RS B E AR R
20

ALP J&1E08 M 20 35 v 68 /K ff 0% 12 I8 7= F W R
14 JL P ) Tl 1) GEFR o 6 Sh AR N T2 A7 A I T
) ALP 47 50 Yok 5 T, HoAy 50% £ 2k A Ik
F/NG o 38 R R /N B 2F I B ALP 3% MR
PUASSE , R L M 78 ALP 36 4 049 48 4k 32 22 iy S B 10
5156 AL T LY B ALP 3% P vl LA A] 42 B e i 40
MG SR A . X T ALP 222l 404k i il B



26 P AL AR MBI 4R (A SRR 2 B

513 %

20 B 43 0 o CHE A SR R A0 88 B Ak G R B
Y, BY B0 A 58 R AR B i B ALP (9 43 W
SAFFET . AR R R, B E H RS K
(38 0 AT 5% I3 R 0 ALP 36 M 5 A0/ IS 1k
#,x 5 Eklou-Kalonji Z (U #F sy 45 R — 8., fEA
K. HBAS KR 0. 75 % BHEHE s i ALP
Tk B A, X R T H AR KE R 0. 30% ~
0. 75 Yo i, S MRS A (R85 K- R IR L 0 T 4k
5 0L ) ST A T B A0 LT M G R L Bl B A I
I 1 6 5 A 52 BEL 1 TR 0 R A B 1) 3 4 4
b il R 70 ALP X — i B 45 A A 2 B
24 HORAS KM 0. 75 %0 #2555 1. 05 % i, ALP
T PR T i o U0 BH A G BT B A0 1 3 B T 1
& HOHLAS KT 08 T i o

B A B E LI T W A B 25
OCN, OCN Z—faEdEREN ., SEdEREE A
[ 10% ~ 209", HoA: 0y BB J2& AR F5 45 19 IE W 0
b ST S8 0 B K A 4 A DTORR B B0 AR
WAk A8 - 5 B R Y BR A A A R 3 AR
OCN & 7] L4 AU s BF LA OCN J2: 18 400 il 5
R L | W WA 9 = e ) ol o R =
e VAN 4 KCE Y R R S AR AR AR
TR A H RS K0Tt & . OCN it o vk B &2
UL 2 4 RS w0 1y ke e HOTE HORRAS KO
0. 75 Yo i IfiL 7 v i OCN 5 2 ¢ B8 e g » i L I
5 B i N i % R e R U BRI HOR AT KPR L AT
0 B BE R A R AN 22 B TR Y 4
YEHTIL f
3.2 BMREBKEIMFHEED NG

T LR AR 85 23 00 S 1l 2 B 9 DO AR I 75 22
ST LR B 5 e S e T B T AR R A AT R R
B 40 M TR AR 1 5 55 T R B AR R k8
Vi B T B A B IR B K Ay R RN TR
JE T BT 2 VAN IR P RE 1Y R A AR . E A I
SR HARES KPR T 0. 75% . B H A4S K
- 1) B AR A7 4 45 100 1% B P BB A A B B =2 B AT 5 X 1
A BRAES R T2 i BT A B AR I IE R R E . KRk
U 25 R L G 2 TR S R S ) B S T R E Ll )
VBB 0SB O R R AR, B i s
) 45 AR & A ik AT R BIF ST R WL 2 H O A K OF
BT 0.75% B AT IR RS A R KA A
JE HE B 1 Jo RIS % B 4 B A A K B T e T
K 3X 5 F BT AED ) bR A AR I B 5 45 R — 2
2 3037 SR AR AR RIS FR B L FORR S K

i i e R B AN T S R DU
3.3 HIRARBHBAKFTEREUIERSREE LR

FREY [ )3 5

2 A (] 020 7 A AT DA e RN [ 5 7K 5P 4% 33
L7 46 b 55 1B PR BB A A 19 5 28 32 i 00 8 &4
BT A B SR s . A BIF ST AE SR R WL AR —Fh
AT LU R % O R 0T A R0 R Y BRI PR
OCN Jit 2 e B 5 i 1 4% T4 BE 438 A 1 5 10 35 1B AW
KR F UL WIAE HORAS [F A5 KF T B4 P BEBE &
OCN it 2 ¢ BE 1 T e M 49 58 o 1094 HH A9 ALP 35 1%
55 1B A5 TUVE RE 458 b 44 B SOAH OG5 &R L SR TR A A
HRAS KPR B ALP 36 09 Th o B8 8 1 6 R
ik, A WF 58 2 B I 85 W R R LU m B R P
JE R T R L A B e Al A
R HORRAS [R]85 7K 1 08 I 77 515 e 88 52 0 AN I 2
{EL 10375 % v B2 Bl HARLES KT 10 T v 5 S T IS
A IF 5 2 B 4 P BE 18 AR (P<C0. 05) &2 I
FHIEMKKR .

4 %5

FFRE LS R ALP 356 P4 5 18 2% T 1 BE 45 b
1B G OCOCER L OCN Jo e B2 R L 5 45 v 2 5
R B A% UM BE A5 AR L I 3 IE A OGO A HLAE HORAS
IR 0. 7500 IF L AF R LTE P ALP 3% PR AR,
OCN it 2 e B d5c g o I8 1 4% 300 P BB A A » 150 W] b IF
B A0 i BT R A /N AR T A B R

[ 5% 30wk ]

[1] Reinhart G A,Mahan D C. Effect of various calcium: Phosphor-
us ratios at low and high dietary phosphorus for starter, grower
and finishing swine [J]. Animal Science,1986,63:457-466.

[2] Hall D D,Gromwell G L, Stahly T S. Effects of dietary calci-
um, phosphorus, calcium: Phosphorus ratio and vitamin K on
performance, bone strength and blood clotting status of pigs
[J7]. Animal Science,1991,69:646-665.

(3] BRFE B, 555 S RMTH RS BiE R [T, & U5 B2, 200006)
30-31.

Ou X Q.Guo Z Y. Analysis of pig calcium and phosphorus nu-
trition [ J]. Chinese Journal of Animal and Veterinary Sci-
ences,2000(6) :30-31. (in Chinese)

(4] BRHH. 424 R AVE X RS A KL e 45 il 135 00 52 i B H
ZHAFHMBEFE (D], AT - 358 Al k2%, 2007,

Chen Y J. Effects of vitamin A and vitamin E on growth per-
formance, immune functions and metabolism of calcium and
phosphorous in broilers and research of interaction between vi-
tamin A and vitamin E [D]. Hohhot: Inner Mongolia Agricul-

tural University,2007. (in Chinese)



5% 6 £l

T A5 RS KT X A R A M 3 R RR 1 R B 27

(5]

(6]

(8]

9]

(10]

[11]

(12]

[13]

[14]

FBF. I 2.9 AR, 5. 30~60 kg B KEHET EREI5
(V1. Bh# 8 554, 2012, 24(7) . 16-23.
Wang X Y,Sun H,Su Y J,et al. Calcium requirement of grow-
ing pigs weighting 30 to 60 kg [J]. Chinese Journal of Animal
Nutrition,2012,24(7) :16-23. (in Chinese)
KR DL GRDRL A3 BT B DR R R B R [MO.L Jb st b E R
K2 A . 2003,
Zhang L Y. Feed analysis and feed quality detection technology
[M]. Beijing: China Agricultural University Press, 2003. (in
Chinese)
RO Bl 9 1R G [R) WG R (D). AN BRI R AR W
o2 A 2 A 1994, 15(4) : 171-173.
Xie E F. Research progress in alkaline phosphatases [J]. For-
eign Medical Sciences Section of Clinical Biochemistry and La-
boratory Medicine,1994,15(4) ;171-173. (in Chinese)
Eklou-Kalonji E,Zerath E,Colin C,et al. Calcium-regulating ho-
rmones, bone mineral content, breaking load andt rabecular re-
modeling are altered in growing pigs fed calcium-deficient diets
[JJ.J Nutr,1999,129(1) ;188-193.
Hauschka P V,Lian ] B,Cole D E C,et al. Osteocalcin and ma-
trix Gla protein; Vitamin K-dependent proteins in bone []J].
Physiol Rev,1989,69(3):990-1041.
Glowacki J, Lian J B. Impaired recruitment of osteoclast pro-
genitors by osteocalcin-deficient bone implants [ ]J]. Cell Diff,
1987.,21.247.
Frost A,Jonsson K B,Nission O,et al. Inflammatory cytokin-
es regulate proliferation of cultured human osteoblast [ J]. Ac-
ta Orthop Scand,1997,68:91.
Garrel D R.Delmas P D,Malaval L. U C.,et al. Serum bone Gla
protein: A maker of bone turnover in hyperthyroidism [J].
Clin Endocrinol Metab,1986,62:1052-1055.
Garnero P. Biomarkers for osteoporosis managem entutility in
diagnosis, fracture risk prediction and therapy monitoring
[J]. Mol Diagn Ther,2008,12(3):157-170.
VKR UL AR IR, A5 b B i 7 X nE 40 i A G I
TGF-1 mRNA £k fgszmg [J]. o FE B R4k, 1999
(5):7-9.
Tang G M,Shen L., Tu Y H,et al. Effects of prescription for
invigorate the kidney and promote blood circulation on ex-
pression of growth foctor TGF-81 in rat osteloblast [J]. Chi-
nese Journal of Traditional Medical Traumatology & Ortho-
pedics,1999(5) :7-9. (in Chinese)
Kaastad T S, Reiker O, Madsen J E, et al. Effects of clodr-

[16]

[17]

(18]

[19]

[20]

[21]

[22]

onatenn cortical and trabecular bone in ovariectomized rats on
a low calcium diet [J]. Calcif Tissue Int,1997,61:158-164.
Kenny M A,McCoy H. Adding zinc reduced bone strength of
fed a low-calcium diet [ ]J]. Biol Trace Elem Res,1997,58(1/
2):35-41.

Hh e SCE oK A 20 AR A i R BB R R )
HAUHRTT [0, ARFSE.2002(1) 4345

Hong Y.Cheng Y Y.Zhang Y H,et al. Effects of dietary cal-
cium-deficiency on bone development in growing rats and the
mechanism involved [ J]. Journal of Hygiene Research, 2002
(1) :43-45. (in Chinese)

MRBRA 55 0% B L AR RIS F A ROk 75 i R 5T LT 3754,
2002(4) :1-7.

Lin Y C,Jiang Z Y. Study on dietary available phosphorus re-
quirement of growing-finishing pigs [ J]. Swine Production,
2002(4) :1-7. (in Chinese)

A0 A XG4 S B K7 X R R il i B IR
B A (1], P E K8, 2004(6) :20-22.

Li W L,Wang B W, Liu G L,et al. Effects of different levels
of calcium and phosphorus in diets on the calcium and phos-
phorus and contents of plasma and tibia in Wulong goose [J].
China Poultry,2004(6) :20-22. (in Chinese)

A X L R SR 5 R A O R A S 4 S e F O
[J]. AR ,2002(6) : 36-38.

Wang C N, Liu D C. Effect of different doses of calcium in rats
diet on absorption and utilization of calcium [J]. Journal of
Hygiene Research,2002(6) :36-38. (in Chinese)

FLLMG A M, E T AR U Lotk A AE I S o KA AR
A A bR R W KT R TN 45 2R Ax B L) P 2 A T AR, 2008
(10):19-21.

Wang H M, Yan P, Wang P, et al. The levels of serum total
calcium, phosphate and biochemical markers of bone turnover
in Tibetan female adolescents [ ] ]. Chinese Journal of School
Health.2008(10) :19-21. (in Chinese)

JEOHGERBAE S HE AN DA B T A I T A
A K DR 2R3 R LY I BIL R 0 W TR ol 5 W 1Y) S 38 T Y
LI, o b B O B 2 A, 2007 (6)  13-16.

Lu M,Dai Z B,Xie J. An experimental study of effect of small
needle knife therapy on fracture healing about VEGF expres-
sion and the serum Ca,P,ALP influence [J]. Chinese Journal
of Traditional Medical Traumatology &. Orthopedics, 2007
(6):13-16. (in Chinese)



