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An experimental mechanical test study on the femoral neck
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Abstract: Objective To investigate the influence of different neck shaft angle, torsion angle, and elastic modulus in the force
characteristics of the cancellous bone of the femoral neck. Methods A sensor was implanted in the cancellous bone of the femoral
neck. The bone under two loading rate and four kinds of load was tested using Instron testing machine. Results The larger the
neck shaft angle was, the smaller the force of the cancellous bone of femoral neck bore. The larger the torsion angle was, the
smaller the force it bore. The modulus of femur neck was related to the force that the cancellous bone of femoral neck bore. Rapid
impact made the cancellous bone of the femoral neck stood larger force. When the force was beyond the elastic deformation of the
cancellous bone, compressive load under slow speed made cancellous bone stood greater stress. Conclusion  Normal neck shaft
angle and torsion angle are beneficial to the bearing capacity of the cancellous bone. When neck shaft angle gets larger, the
cancellous bone stands less force, which is not beneficial to the stability of the cancellous bone of femoral neck. Especially in
osteoporosis, the cancellous bone becomes sparse, which is vulnerable to the load and is prone to fracture. Larger torsion angle and
less force standing by the cancellous bone can also cause the thinning of the cancellous bone and higher risk of fracture.
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Table 1 Anatomical parameters on the four femurs

Was  BTMC) O BEREE (em)  BCEHEMCO)
1 134 5.5 14
2 131 6 33
3 145 6.3 10
4 133 5 12

1.3 HdEmabrifgit

BUEAIRAT A excel , BUBJEIRAE = G B KW
AR RN ) ARIERER T, v, A 2R 15 3] AR
I ey = S R i W WA A T
2 ZEREHH
2.1 FEZREREE K 50 mm/min BYHNZESEE

P BB CE T Instron BOBHRIG AL, B8 525K & Ry
50 mm/min, 43 %) 2L 1000 N, 2000 N, 3 000 N,
4 000 NI TN SL R

F2 RPN S0 mm/min MIERE 1S5
Table 2 Mechanical parameters at the speed of 50 mm/min loading rate

FE o 2 ok i Jatt JIR B [855s SN X K J) liF=s ] tiihsSs

%' (mm/min) (kN) %)) (MPa) (mm/min) (MPa) (N) (N *8)
1 50 1000 1.036 174 0. 0502 6. 504 35 29.75
1 50 2000 4.212 166. 1 0.0916 13. 01 52 117. 11
1 50 3000 9.204 219.4 0.1117 19.51 85.52 210. 85
1 50 4000 13 137.3 0. 169 18. 94 143. 44 57.34
2 50 1000 0. 5071 357.4 0. 0223 6.512 5.28 13.28
2 50 2000 2.007 356 0. 0439 13.01 10. 26 25.98
2 50 3000 4.421 361.6 0. 0657 19.51 40 60. 72
2 50 4000 8.413 368. 2 0. 0909 26. 01 47.97 119.5
3 50 1000 0. 596 330 0. 0251 6.511 6.64 16. 89
3 50 2000 1.923 363 0. 0404 13.01 7.74 19.21
3 50 3000 4.105 379. 8 0. 0599 19.51 30.3 75.32
3 50 4000 7.816 371.5 0. 0806 26. 01 37.6 81.36
4 50 1000 0. 4095 366 0.0172 6.514 31.28 77.56
4 50 2000 1.628 372 0.0329 19. 01 44. 67 110. 73
4 50 3000 3.424 390 0. 0465 19.51 68.93 170. 98
4 50 4000 6. 183 403 0. 0648 26. 01 89. 86 223. 46

FERE R FE g 50 mm/min, Horfr 15 B E A AR
TEPUBCE R R 221, 1 SIBCE R IR 2T, (W)
FERIINABGEREE T AL 1R, e 51 19

P JE RS2 ST L2 1052 5 B A 4 5 BEE A
OB AR, HIFE A L 4 5 el R, A RAR 1 T L 4
SN 3 S eE 4 SR L, ST AR R
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ARSI 4 SR/, Bl SR AR R AR SR U B SR AR R b R R —E N T,
RKHINET) ;4 TR PRI B2 2 53 Ward =P RIFABTE-WAZ —ERIN ]

R3RIEARTT RIS N R A AR S — BEREEE D 50 mm/min

Table 3 Correlation between sensor force , impulse, and other factors at the speed of 50 mm/min loading rate

Eisg i pi| Ji R g T SE NS R & 1E%AR 51

=T 0. 6548 * 0.8125" -0. 4666 0.8186 " 0.5145"* 1. 000
i 0.5505 * 0. 4421 0. 0624 0.3101 " 0. 6324 0.592"
E:"P<0.05

RS 5 0 Jm B R RS e KW A BB RRZ I, 2 SR E R 4 S RE A L
BOEARDS, thig 5 77w R AR AR TTBOEADG,  BEEARRL LML 4 S K AR AR T 4 5
2.2 REGEEEEE N 300 mm/min FNINAR e /N, 3 5 el A 4 5 i AR H, 30T A K A5 IR

FA T B E A T Instron APBHAIGAL, BEREE  2RAOTFTEL 4 SN, B 30 AR B AS R 52 K
J&E 4 300 mm/min, A4 X RGN #E (2) R KNI, 4 S5 eE PR ISR 10 iR & L 2 5 3
BN 50 mm/min, AR 1 SRCE R SO AR IS S B AR BB SR RS — i
TEVURCE R 22 0,1 S IRE TR 3, FAE Ward =P BT EWARSZ —E RN T,
NIRRT | AR IR 1 T f K B S

R4 BN 300 mm/min FIINELSE H12E 240
Table 4 Mechanical parameters at the speed of 300 mm/min loading rate 1 000 N .2 000 N .3 000 N 4 000 N

B o 2 Vi Ja IR fig 1 R ST TNV SN} &A% i

Y5 (mm/min) (kN) n (MPa) (mm/min) (MPa) (N) (N =*8)
1 300 1 000 1.012 167.6 0. 0467 6. 509 19. 47 7.39
1 300 2 000 4.043 180. 6 0. 0861 13.02 36.4 14. 85
1 300 3 000 7.95 213.3 0.1114 19.52 74. 49 31.84
1 300 4 000 10. 05 250 0. 1466 25 143. 44 57.34
2 300 1 000 0.5433 273 0. 0267 6.52 13.37 4.8
2 300 2 000 1.885 368. 4 0. 0461 13.03 14. 19 5.18
2 300 3 000 4.362 354 0. 0673 19. 54 28.8 14.34
2 300 4 000 7.958 384 0. 0901 26. 04 44 17.53
3 300 1 000 0.5389 294.8 0. 0225 6.551 7.72 3.1
3 300 2 000 1.905 367.3 0. 0415 13.07 14. 85 5.88
3 300 3 000 4.154 373.4 0. 0605 19.52 23.75 7.84
3 300 4 000 7.187 401. 4 0. 078 26.02 36.9 10. 62
4 300 1 000 0. 5446 298.5 0. 0221 6.526 19.18 7.36
4 300 2 000 2.019 369. 1 0. 0401 13.03 28.79 12.07
4 300 3 000 3.763 403 0.0516 19.53 66. 69 28.07
4 300 4 000 5.979 435 0. 0636 26. 06 83.37 33.31

RS LA RIS R Z AR AHOCHE - REEE D 300 mm/min

Table 5 Correlation between sensor force , impulse, and other factors at the speed of 300 mm/min loading rate

Ji Jof R fi A SN GNP fEREes T
fERAR 1 0. 6854 " 0.804 * -0.041 0. 8166 * 0. 6664 * 1. 000
i 0. 6593 " 0.7829 " -0.0612 0. 8069 * 0. 6406 0.9946 *

. " P<0.05
s 15 01 JRIRRE R RORNAE ORI BB A RN RO, 52 SN, ST
BEIEARSG, whid 5 0y kAR BRIV AR IeEBUX AR BT E 12 T R, ST AR, 32
IIEATSR HUN, T AR S RN B2 A 1
HRAFRARFA A, B AR B B AORY BRI, 2 J780), 50 mm/min A1 300 mm/min Xf
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