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Related factors accelerate fracture healing in traumatic brain injury combined with
fracture

Ma Le-yuan, Zhao Yan, Qiao Wan-qing, Zhu Feng (First Affiliated Hospital of Xinjiang Medical University, Urumqi
830054, Xinjiang Uygur Autonomous Region, China)

Abstract

BACKGROUND: Brain injury can promote fracture healing is becoming an issue of concern, but the
underlying mechanism remains unknown.

OBJECTIVE: To establish a model of cerebral injury combined with right tibial fracture, and to investigate the
cerebrospinal fluid and serum levels of calcitonin gene-related peptide, nerve growth factor and insulin-like
growth factor-1.

METHODS: New Zealand white rabbits were randomly divided into four groups: group A: blank control group;
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group B: simple brain injury group; group C: simple tibial fracture group; group D: tibial fracture combined with brain
injury. The cerebrospinal fluid and serum levels of calcitonin gene-related peptide, nerve growth factor and insulin-like
growth factor-1 were detected at different time points. The rabbits in the groups C and D were sacrificed at 1, 4 and 8
weeks after modeling to remove the whole tibia, and scanned by X-ray. The callus volume was calculated, and the

pathological changes were analyzed.

RESULTS AND CONCLUSION: The fracture healing was faster in the group D than the group C. The callus volume,
trabecular width, trabecular area ratio, and the number of newly born vessels in the group D were significantly higher
than those in the group C at 4 weeks after modeling (P < 0.05). The cerebrospinal fluid and serum levels of calcitonin
gene-related peptide, nerve growth factor and insulin-like growth factor-1 in the group D were significantly higher than
those in the group C (P < 0.05), and the cerebrospinal fluid levels reached the maximum values earlier than did the
serum levels. Furthermore, in the group D, the calcitonin gene-related peptide level was increased earlier than the other
two factors. To conclude, calcitonin gene-related peptide, nerve growth factor and insulin-like growth factor-1 are
essential factors involved in promoting fracture healing after traumatic brain injury, and moreover calcitonin gene-related

peptide shows a stronger ability than the other factors.

Subject Headings: Tissue Engineering; Nerve Growth Factor; Brain Injuries; Fractures, Bone
Funding: the Natural Science Foundation of Xinjiang Uygur Autonomous Region, No. 2014211C045

Cite this article: Ma LY, Zhao Y, Qiao WQ, Zhu F. Related factors accelerate fracture healing in traumatic brain injury
combined with fracture. Zhongguo Zuzhi Gongcheng Yanjiu. 2017;21(32):5115-5121.

0 3|l Introduction

M0 A B i R B ARG, R AR
o UL A EAL LG, AT AT IR TR B
RN T S AICE R T AN Ly NS 1 B R 1) 1 & v ol
BEAEAE SR (TR W A RS A, (et
WTERiE 2 A R R WP S R T R4 R R DGk
T I B A A A PR I T o i 453 47 R s S T O
FIALE, AR5 2 DAL —Fh R AR AR S0 5, YE R .

SERGFNL IR AN S TR, JHE— P iR R 3R A
i 045 J AL R 3 DL K 33 Z IR AR O &R, BERE b 5 3
X P IE AR A B AN E SR IR Y T S35 R TR
AEHS FERE AR 4

1 #EFNAE  Materials and methods
1.1 kT FENL RS SEE .
1.2 B A3 E T20164E3H 212 H TR £l oK
BB JE B B sh 4 S 5 5 R AN B R R 5 5
1.3 ## B kAw48, MEMEAR, 4% F2.5-
3.0kg, HUBIERERIKZSE — B 3P s oo de ft,
S EN P A P VF AT . SCXK(7)2011-0004.
1.4 FB7ik
1.4 A KTH K48 R WBENL N4, x4
ANMATA] KL B, B2 i i 153 49 20 28 S P I $ A A AR, Fal
BT A MR E BT, e & a il e g or
PG 53 3 A TR PR A A S B P T, e 12 1
1.4.2 BhPEimlfn st

FIAEIR IR E: S22 SCHkE 1 8 H BiE 44T &
LI IEP &S ecmKrsk &Y, TR mMA4 mm. &
PREE M4 mmAZSEANFT FF A, FF T E A N6 mmit)
B, RGBTSR, W A, i
IEERLVRa(: : V-V B

LR BT EEET: K I HEREEE P A

5116

V7, BRI A28 S RS s A P IR EE TR S,
THIEE T ES emICHI T ARY)H, SR IE B R 4T
Wi, sOICEHEENE e, 4850 H (B1B). il I
R FARIR] b AR gy T 5k 22 TR g
1.4.3 FRARERKM S4B E6 h &3, 7, 14,
21, 28 d7pilH4d R AR H g ikin3 mL, Bo, Bk
THRJEBCE T-20 CARAEFEM, FEAI TS 6 . [
Fiok SR PR 2 5 R SREUI 45900.3 mL U™, 20 “C A7
RO, AN R) ATEG S AR

FAER ST G TG 1, 4, 8 JG AT
S R i 04955 B A 20 A I T) s A AR BRI )5 Ab 2K
WA K2 (E2A), HRAN40 g/l HF B, KHIREEX
SN EAS AT AT IS B X ek 2 s BRIVE A2 2805 S 2 T 46
DN HEE, LRI 2 (E2B), VL R, A2
V01RO i 41 2 BRAR AL, .
1.5 EEUEIEAE Il NI RAERN A S 10
B AT NG R AR I AR A o SR P ) 475 7 B R T A
(Neurological Severity Score, NSS)& """, {u 45 i ik
PR HEPRAHEE . AR HT A B D Re . S5 A B D Re
JCE R A P ARG R B R s
KA PRorbaitE: O=Rafs, 1=1E%.

K B2l i 20 K i G40 & i B R IR b A s
I Perkins 25 P g i AR5 1 7 it S V=21 (r2-r1)L,
L A2, v 2 AR, LA E AR, R it
TTREI Y, UWHIRZ R, FESHCOY: 7R
ST 58 B (TW) S B /N R THIR L (TV %) S 1 B 40 H 34T E A

BT B A A K R T B4 R IR R AH 26
JUR B 2 5 2 B AR A PR 1 K PSR FHELISA 77 & (b 5k
WA EPIREEAT B2 W] )R
1.6 RitFa THEERDxes®R, A HdE b B
S HT AR BISPSS 19.08 4 5E i, 0 2 A48 n LA T
PP TT 2200, A R T BERER F I BT AR A (1)
110180

P.O. Box 10002, Shenyang www.CRTER.org



LA, GG T T A FE T AT T HI A

@j—féz www.CRTER.org

t Wi, P <0.050 7% A R X,

2 R Results
21 ZBIMIESH ALK, G
FEEPRIEYIBET-2 R, A RALT1 R, 5%
AT, Be X A8 L R HE NS5 A3 HT .
22 R—HILEAL A A IR S B P A
R, 1) H TR B ol I R & R EE I (A1 292 min, )5
BET TR, SR R E R SIS o
2.3 BIARAPZIEETAL NSSPE WFl. EA)E6 hir
13 B AT TR IRZL(P < 0.05), 28 54 Az TR e .
24 ZAFIEERA XL BoR, saigdrdlm
PR GG & O IT A A A R T AR S, #R R4
FAPAYIAT I, BN G0 A TR B Al
HNAAEBE LA (E3); A8 AL AT 2 % 7.
2.5 ZMFmAEMELER  HAS 4 0 At
I A7 i O R AR ) 8 L R A P G, R
i R L, MR G 8 A R L B 7E (A4, 3R2).
2.6 ZWMEFmEAL MO ETN ARG AR
R REREARE, WAL M ICH RIS, KR
B, Y el idl: B~ A2 B
AN P, AERREAS, MO AR, SRR
4 %R, AR I (E5).
2.7 HWBHEFALHETM BB, SNG4
TP AUE T A 900 NPT CAER B0 A BB 1 /N BE DL K
FUUN ARG SR A . SRS 404, R B4 A
PrefUm 4 S i e g N B 2 . S, MRS
RERILRR, IR LS /3 (0 e 4 AT 44N i
DA A 0 e (D e A, i Bl T L 9 v /N B
BML, HNREEANH(B6): 58, il f
Wit HE T AL NGRS R, YRR T gl
HHTL.
2.8 BhRFAHRAKEMSNER ERJG4EENET
YI5E R (TW) i /NETIRR LE(TVY%) K M5 #5 B w45 &
TR T AL s T ALl AT 4P < 0.05); BEALEIE S8
PR )R WL 2 22 ¢ (R 3) -
2.9 B4 B AR 3 B F KP4 ELISAK M 45 R

LA I EFEFT B A FE S Ak T A5 5 3R PO ]
PR o A IS R Rl A e SR N
FILPRAH DGR I 2 v T IR AL O FLIR P IR 3 ey b, I
HR P ) 4% - i BT A T S g A )45 4 Bl
Pr4l(P < 0.05); I )5 57 R 45 & It Prdl. sl
PR A 2 B lir AT 2L A R BE PR, (EAR TH R 10
HEZL(P < 0.05); B4R 5 14K B4l i Q145 21 - Sl Jra
X FRAH 2 TR BE AR LI 2 25 5%, R AU 405 6 i 4L ik
FEIR X R R S A B 2 I KT (R4) -

B B BT R AR KT AR 3R, fil

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

i B 4565 I 21 5 i 407 4L B 38 B T e, O
RPN gl E Pl WA Ay B
(P <0.05), {H /o G143 75 H-i3 4 41 15 sl fo fi 1) £ 201 2 1)
KI5 SRS d, PN 4% 25 B T AR Bl i
I C) 49 LA A A I 3 ol 8 2 AR, (LT8R oo T B iy
HreH AN R 4L(FR5)-

LA E S FE A AEFF1KF ERR B 3R IR IE
W ALAL, AL 5 21 A K R A IR B R A T,
TS A4 ROL B A, B S SR T R, S 5528
DR AT AR P AT v 1 1E X R A s AR AN LA () — s )
XoF El, A5G R B 4 LA R 9 3R AR R R
W TS AR341L(P < 0.05); sl SRk, H
B T gl Jr4i(P < 0.05; 3%6).

PR B R 55 A KA F1kF: 56 h, 441K
DA 25 5 o FEAT T A 3ORMN, i 6] 4 5 i A 4L Bl
L I 210495 L0 90 i 2 3 A K R TR B T s TS
FAGIET A RO RAE L 22 S A 2 ki (P < 0.05). i
AL 857 R P 600475 - i 4 25 B P o €00 497 200 i
ol 5% 28 A A PR o R PRk B e e L, LR 2 TR A
W B2, JRWIEERC. EEREEE14K, KIHET
Xof WAL K B i P 4L (R T -

UM EEEE KA FKF: (EEB)E6 h, 441K
Z RV LB 2 72 s 2 S oo B A AP SLA A M A= K TR 1
SRR BB N, ARG 140K =, A4
HE TR EBE6 hM LA 2035w T A A, 2= R
BEMHE (P < 0.05); TEEB)EEE3, 7, 14K
A5 AP 2 A KPR 7 R S 2 s TR Al i dL(P <
0.05; 3&8).

BN B IR FEF KT R EE3R, i gl
it Prdl S sl e A AR R BT, IS Al
HHAL. S4B 3% 2 5 (P < 0.05). @A EETAR
P G495 5 I T 45 Bl Pl ) 0 2 R S A AR,
B2 IERE S EREH14, 21K, Milke &It
P 5 Bt o )45 20 Ve 2 R R R,
P BRARAEATE SR v 56 HR AL R P lied 47 211 (3R 9)

3 1Fit Discussion

RLIEF () S B AR AT LA LY Shiiony ) 52 45
ML e R A s DA B LR Py, ™ AR ] DA S I
WA SR ANE KRG RIEIIHIE 2= K A Rpiiy, se
U0 R IR IR S b . ARG IR ik, il &
B0 AP, O TS A ik ik, @i 4
Frog ez MR 3T ik @R s S @
M Ak SR T M A B v R T vk R R
SOREF I ek, Eor AT DL R R, RE T
Pr X T ARG B o AEEEAN SRR P 3 A — AN
IR AT 2, I S AU AR it S I

5117



LA, GG T T A FE T AT T HI A

Cringss ol of
et i

CQ:‘]Té? www.CRTER.org

- 4 |
B 1 R GEFENRERESBEIRE R EE
Figure 1 Establishment of a rabbit model of traumatic brain injury
combined with tibial fracture
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B3 RagitiRmMEEGEFEINARER 4 BBRES
Figure 3 Callus morphology in the simple tibial fracture and tibial
fracture combined with brain injury groups at 4 weeks after
modeling

o
B2 SBEESBIRARRGEMASRARS
Figure 2 Rabbit tibia and traumatic cerebral tissue samples
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Figure 5 Histological changes of the rabbit brain in the control and
simple brain injury groups (hematoxylin-eosin staining, x200)
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Figure 4 Callus morphology in the simple tibial fracture and tibial fracture combined with brain injury groups
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Figure 6 Histological changes of the tibia in the simple tibial fracture
and tibial fracture combined with brain injury groups at 4 weeks after
modeling (hematoxylin-eosin staining, x200)
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F1 BRBRGRIRHRENEITN(NSSHERER  (xts, n=12, 4)
Table 1 Neurological severity scores before and after brain injury

I i) 25 0] A B fi 1) £ 2
AHEE6 h 11.81£0.55 9.32+0.68°
WRET d 12.0740.42 8.01+0.56°
HREAE 12.02+0.38 7.75+0.66°
A58 A 11.98+0.67 8.12+0.75°

Fik SRR, *P<0.05.
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HUHA A2 A K N Il i ST ik /i 2 A
FRy 22 28 0 R 7 o )0 98 [ 45 7 A I A
KR, B DA SR A M (BMPs) {214, #5104k
B LR R I B T I b s 522,
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%3 FATRERE GBS N ER L (xts, n=4)
Table 3 Comparison of the callus compositions between two
groups at different time points

£2 FMATENESSREENEEMLER (s, n=4, cm)
Table 2 Comparison of the volume of callus between two groups
at different time points

il HR i) If i) 4153 HANERA  CENRTY N HE
t(%) % (m) (n)
7d 44 8 J4
RS 4 AT 38.57#3.26  50.05+4.01 4.7242.1
Al AT AL 0.45:0.11  1.190.12 1.060.12 1 B 45 & 53.77+2.98°  68.54+3.21°  10.88+3.2°
P05 IR Al 0.49:0.13  1.81£0.13° 1.28+0.11 HEIT4
s 8 JH A4l 46.2844.21 68.54+3.21 8.65+2.5
Fik: LA HTAMLE, °P<0.05, PG G495 4 48.86£3.51  65.32+4.11  7.91+3.4
e

Tk HEBUT 4 ML, ®P<0.05.

F 4 TERE S ZHEDE P EEREE B RIRKTEH LLE (x£s, n=6, ng/L)

Table 4 Comparison of the serum level of calcitonin gene-related peptide among groups at different time points

21 51 AL I ()

6h FIKR NN F14 K 21K 28 K
it 4 6.91+0.67 7.05+0.31 7.13+0.38 6.87+0.44 6.99+0.21 7.22+0.54
L )49 41 6.56+0.61 9.02+0.54° 7.49+0.35° 6.94+0.68 6.93+0.87 6.63 £0.58
AT 7.26+0.53" 9.41+1.19° 8.30+0.34° 6.42+0.46 6.61+0.33 7.03 £0.41
F I 1455 25 I T4 7.62+0.44 11.59+0.55%° 9.48+1.21°° 8.23+0.59°™ 7.39+0.51 7.36+0.46

Rt SBAML, °P<0.05; L5l (5 4IL: P < 0.05; SHaE AL, °P < 0.05.

*5 ARERE R 4 HXE R PESRERBXARKFER LR (xts, n=6, ng/L)
Table 5 Comparison of the cerebrospinal fluid level of calcitonin gene-related peptide among groups at different time points

45 L IR

6h HIK ENS B4R 21K %528 K
X I 25.78+1.08 26.81+1.27 26.78+1.11 27.5+0.96 26.32+1.51 27.45+0.83
HAAl i 45 4 25.334£1.33 34.24+1.53° 32.24+0.78° 26.98+1.24 28.46+1.88 26.43+£1.42
AT 26.53£0.91 25.3442 17° 27.14£1.74° 26.25+2.01 26.1240.37 27.48+2.07
P 03 B4 4 25.66+1.99 33.10+1.23% 30.26+1.30*° 27.50+1.88 27.76+1.53 26.57£0.43

Rt SBAML, °P<0.05; L5l (4L, P < 0.05; SHaEHTAMLL, °P < 0.05.

*6 AREIRE S 4 BMFEPRDIFZHEKE T 1 KFEREEER (xts, n=6, ng/L)

Table 6 Comparison of the serum level of insulin-like growth factor-1 among groups at different time points

20 51 AR IS )

6h 3K TR #14 K 21K 428 K
X2 23.58+2.07 23.24+1.58 24.24+1.93 24.15£0.73 24.11+0.85 24.16+1.56
Bl P 60475 401 24.22+1.12 28.90+0.98° 31.01+0.94° 32.85+1.23° 30.06+1.23° 27.97+0.72°
AL 24.14+1.52 27.26+0.68% 28.91+0.78% 30.76+1.16™ 28.10£0.89%° 26.59+0.95%

P G005 5 I Al

24.91+0.87

31.4141.24%°

34.11£1.10%

37.06£1.35%

34.01£1.20*°

31.67£1.02

RV LXHAMLL, 2P <0.05; Litaslipial it PP < 0.05; LA, °P < 0.05,

SIS R, SEI AL TE VA TN VRO A2 I3
SR 7 TR IR BRI e T Ja BRI AR a3,
I HLAS LA W A5 I 1) IR 8w 1M, i W e
K7 CLRR BEAFAE TR s JF ELIH0 4 i L R vy
TARMKERAT AL, 8 I 4507 3 PSR P e A
TIRPE ETHRIOCHEN 3R BRIEW XIS, Al 34
M2 BRI T TR S 3RIN T4 T, 14K 21k I
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RT7 FREEE R 4 BEERDPRSEFEKEF 1 K TR

(xts, n=6, ng/L)

Table 7 Comparison of the cerebrospinal fluid level of insulin-like growth factor-1 among groups at different time points

415 A5 B 1)

6h HIKR ENN B4R H21 R %528 K
S} IR 11.35+1.34 11.07£1.27 11.88+0.82 11.51¢1.51 11.61£1.33 11.9 +0.96
LA )47 41 11.67+1.03 14.85+0.45% 18.81+1.09° 15.07+0.96° 13.63+1.35 11.86+1.18
AT 10.23+1.12 11.41£1.05° 11.65+1.14° 11.23+1.08" 11.48%1.45 12.61+0.95
P G4 B T4 12.360.97 15.43+1.66™ 19.52+1.31% 15.21£1.81% 13.51+1.45 12.82 £1.75
ks SXIBAAIL, 2P <0.05; 5G4, PP <0.05; Al 4IAIE, °P < 0.05.
%8 AREIRtE & 4 HIEPHEE K E FRENER LR (xts, n=6, ng/L)
Table 8 Comparison of the serum level of nerve growth factor among groups at different time points
415 ST B [

6h ECN EN N H14 R 21K %528 K
S} IR 77.5412.61 77.85+2.32 80.48+3.24 77.88+3.87 80.23 +2.72 76.8243.59
LA G4 2 77.85+2.11 91.98 +2.25° 96.23+1.35° 100.49+1.48° 91.75+2.25° 80.14+2.19
AT 78.95+2.04 86.88+2.84%° 90.75+1.37% 94.45+2.70* 88.53+2.95° 79.25+3.93
P45 4 3 AL 81.41+2.53 94.68+2.30° 102.46£3.75%° 109.44£3.13%° 95.71£1.93%° 89.2642.50°

RV LXHAMLL, 2P <0.05; Litaslifial it PP < 0.05; LA, °P < 0.05,

R 9 TREIFE 4 ARGE R T REEKE FHRE A LR

(xts, n=6, ngl/L)

Table 9 Comparison of the cerebrospinal fluid level of nerve growth factor among groups at different time points

A5 AR I i)

56 h ESKPN BTR H14R HF21R 28K
X I 170.37+9.21 174.78+5.66 176.66+3.97 173.916.61 178.61 £7.27 178.91+3.75
HAAl i 45 4 173.47+7.98 193.83+7.91° 241.95+9.93° 221.46+7.91° 194.68+8.22° 171.53+9.39
AT 173.56+4.64 176.76+4.15° 171.157.37° 176.98+4.51° 175.33+7.48° 175.46+9.31
o 61045 5 - T 2 177.55+8.72 200.18+9.44*° 250.01£11.19™ 221.01£10.42*° 200.98+8.83* 176.53+9.16

Rt SHBAML, °P<0.05; L5l (4L, P <0.05; SHaiETAMLL, °P < 0.05.
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