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Effects of low-magnitude high-frequency vibration on osteoporotic
fracture complicated by closed arterial injuries

SUN Ming-hui', QIN Ling”, QIU Yong', CHU Chiu-wing®™, WEI Fang-yuan® (1. Depari-
ment of Spine Surgery, Affiliated Drum Tower Hospital of Nanjing University Medical School, Nanjing 210008,
China; 2. a. Department of Orthopeadics & Traumatology, b. Department of Imaging and Interventional Radiol-

ogy, The Chinese University of Hong Kong, Hong Kong, China)

Abstract; Objective To investigate the effects of low-magnitude high-frequency vibration (LMHFV) on osteopo-
rotic fracture healing and blood supply of distal injured limbs based on osteoporosis fracture model of the ovariec-
tomized rats. Methods Ovariectomy was performed in 32 six-month-old female SD rats. 3 months later, closed
transverse fractures were created at the right femoral midshafts complicated by femoral artery injuries. The rats
were then randomly divided into vibration group and control group. Radiographs were performed in each week to
assess the callus size and the status of fracture healing. At 2nd, 4th and 8th week after treatment, pulsed-wave
Doppler ultrasonography was utilized to evaluate the blood flow velocity and the resistance index ( RI) of the distal
femoral artery in injured limbs. The peri-fracture region was reconstructed by Micro-CT for both qualitative and
guantitative analysis. Results Pulsed-wave Doppler indicated a significantly higher peak systolic velocity of dis-
tal femoral artery in vibration group at 2nd and 4th week ( P <0.05) and a lower Rl as compared with control
group. Radiography and Micro-CT analysis demonstrated that vibration group had better callus formation, mineral-
ization, remodeling, and bridging rate during fracture healing as compared with control group. Conclusions LM-
HFV can effectively improve the blood supply of distal injured limbs and promote the osteoporotic fracture healing.
Key words: Low-magnitude high-frequency vibration (LMHFV ) ; Osteoporosis; Fracture healing; Closed arterial
injury; Blood flow velocity
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Fig.1 External callus width (CW) and callus area (CA) meas-
urements on the digitized radiograph
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Fig.2 Measurements of peak-systolic velocity ( PSV) and end-di-
astolic velocity ( EDV) of distal femoral artery by pulsed-wave

Doppler ultrasonography
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Fig.3 Radiographic analysis on callus width (a) and callus area
(b) of two groups at different time points
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54 J, 4 CW . CA Wi/, ik 3l 4 T R %
PRTFXTRA, 25 8 4, ka4 CW . CA ¥/hTXF
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2.3 =% Micro-CT ¥4
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PR ALE W v ] WD B E A B, RS 4 &
P RCT IIR R TR R . 58 4 J5, B s 1k B i i)
BTN, RNAH A/ DT RA, 258
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U IMEIEBICRRAE(LE 4), EBERE
ANFELD),H2~8 J&, P4l BV/TV BV, /TV Z i
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=0.028) #E = T X HR4L, B4l BV/TV BV, /TV
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TV BR BEES 2225 (P =0.038) ;iR
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Fig.4 Three-dimensional reconstruction for the fracture site of
two groups at different time points by Micro-CT

Tab.1 Micro-CT assessments on the tissue components nearby the fracture site of two groups at different time points

F2H FA4H ERYL
PRl o HE A PR3l X B4 PRsh2 X B4
TV/mm? 196.4 +14.5 173.2 6.8 " 182.7 3.1 171.3 £6.2*° 148.2 £20.5 160.9 £14.3
BV/mm® 106.1 £9.8 93.0+4.3* 94.8 £5.6 91.3 2.5 90.7 £8.3 92.0+8.3
BV,/mm’ 50.0 4.8 44.2 £3.7*% 52.6 £5.9 46.4 4.1 61.2+7.4 59.5+7.6
BV,/mm3 56.1+5.3 48.7 £3.3" 42.1+1.4 44.9 £2.4 29.6 +3.6 32.5+5.4
BV/TV /% 54.0+2.0 53.7+2.9 51.9+2.6 53.3+1.6 61.2+7.8 57.2+2.4
BV,/TV/% 25.5+0.7 25.5+1.7 28.8 2.9 27.1 1.5 41.3 7.5 37.0+£3.5
BV,\/TV/% 28.5+1.6 28.1+2.6 23.0+0.8 26.2 2.4 20.0+1.4 20.2 +3.0

T PRSI H S X IR A P <0.05

2.4 k& EEBE T

fkop L WA RS R AW (WL 2) I8)T
Ja%E2 ~4 Ji, Wi BB B ik i PSV \EDV 22
BTSSR 8 B E AR S B MG T R
R B o FEAHTIER, IRV PSV 2y Fx)

4, Hp% 2 i ETF35.4% (P =0.030) %5 4 J{ b
7+29.0% (P =0.047) % 8 Ji BT} 12.9% (P >
0.05) X HE2H EDV MIXHHRSh w1 , (HER TG
FREX. Fn,JRSIA R TFAHR N A, IR A
bR I



AR, . RIEE ARG B BB SR & A S ES KRG HER
SUN Ming-hui, et al. Effects of low-magnitude high-frequency vibration on osteoporotic

fracture complicated by closed arterial injuries 149

F2 FAETFE A E KRRk S 88 %R 95 8 30 BRm o m 7 Y A
Tab.2 Blood flow of distal femoral artery in two groups at different time points by pulsed-wave Doppler ultrasonography

H2H Fa4H ERYL
P4l Xt B PR3 X B4 ik X B4
PSV /cm - 57! 23.78 £3.57 17.56 £3.12* 31.41 +4.51 24.35+£3.94" 32.96 +4.72 29.19 £5.23
EDV/ cm - 57! 4.76 £1.32 3.16 £0.58 7.22+1.33 5.36 £0.85 8.24 +1.38 7.01+1.12
RI 0.80 +0.07 0.82 +0.06 0.77 £0.05 0.78 +0.06 0.75 +0.05 0.76 £0.04

T " RBhZH 5% IR A P <0.05

3 itig
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