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Design and biomechanical analysis of trigeminal form expansion hollow compression screw

Yin Yi-ran, Chen Ge, Lu Xiao-bo, Xu Yang-bo, Ye Li-zi

Abstract

BACKGROUND: Traditional fixation device for femoral neck fracture can cause screw loosening, extraction and higher failure
rate when fixation device on bone-screw interface with insufficient grasping force or bearing load too large.

OBJECTIVE: To develop and evaluate biomechanical characteristics of the trigeminal form expansion hollow compression
Screw.

METHODS: Based on the special biomechanical characteristics of the femoral neck fracture, the trigeminal form expansion
hollow compression screw was designed, which was composed of two parts: hollow nail and inside plug which could be screwed
into the channel of the hollow nail. Within the bolt screwed through the nail produced pressure effect. Then AO cannulated screw
by anti-axial compression was made as control. Axial compression test, three-point bending test and maximal axial pullout
strength test were detected respectively.

RESULTS AND CONCLUSION: Under 300 N axial or bending external force, axial compression stiffness and bending stiffness
in the experimental group were higher than those of the control group (P < 0.05), but axial displacement and radial degree in the
experimental group were lower than those of the control group (P < 0.05). The maximal axial pullout strength of the experimental
group was higher than that of the control group (P < 0.05). It is indicated that trigeminal form expansive hollow compression
screw is significantly superior to AO cannulated screw in fixation firmly and biomechanical properties. Trigeminal form expansive
hollow compression screw has good performance in anti-axial compression, anti-bend, anti-torsion and anti-pullout which is the
advantage that AO cannulated screw does not have.
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Figure 1 Hollow nail and inside plug
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Figure 2 Inside plug screwed into the channel of the
hollow nail

K2 WEATE

oA AT RNATFE N AT Y AL 1 A R
4o A EATKE60 mm, TR7.3 mm, i
ALK 25 mm, B2PE3 mm. HANFIR S |-
HAOZT O IR IRET AL, AFZ AT O
ETREIESGHA 34T IS, K26 mm, #
FL5) oy 3N Fr s A BEIK S . @UBRET FLARAE
FENKA 2.0 mm, HAREHSFLAEH2.7 mm. G
BRIE S A A AR S . R EAY—2.5 mm, K

JE5 AT 3. BN, ARArs FAT IR
WIS GUHEC S e, I A N2, DIE
FEN. PRI N EATNFLIE)S, F4TRum K
PRI R A R o S v v e O R S e K
PPN, RS A2 EAR S K
LRz bl DLskf3 i R .

KU R: HOHTEE A B (48 ) I ERREN B
HOLCH TR fablp LR kedl: AL,
A2, B1. B2. C1. C2, HipAl. B1. C1H5k
WA, Ay AT ) R AE S U S
BB S sE, A2, B2, C2oXHHE4,
Oy A A A IR 5206 . = s il et . Ik
)P D SIE o KHARE A IR AR AN SA 0 L
Ji, SR (0.85+0.07) glem®, X4
5% 155 4(0.83+0.09) glem®. £k L 4
ZER R ENER (P > 0.05).

EE vt - iU P ] K0 R ) B S e (7 R
(Pauwelsffi 4150°): I B5 5Bt T A
KA AL, T R U3 IK T8

BE: KEirEA G, Al. Bl. CLAMH
P4k = SO B IK 3028 00 0 IS M8 4T 8 N Tl 3
A2, B2. C2447H%7.3 mm AOZS.Lo K IZ
ETENIE .

AT BB T REET 7k B [ 5E U 38146 X
SR A AR SR T T IR SR e, Hgl
JBEH FRNITAT s 7 N IR S A MRAT 52 o I 5
JBE LR TR 15 mm,  TCHEAT SR B Sk /5
bR 5t BT AT K s I s B AT Ik R 1 2
I B TRIACR, W3, 4.

b: Trigeminal expansion hollow compression screw

Figure 3 Specimen profile of trigeminal expansion
hollow compression screw and AO
cannulated screw
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a: AO cannulated screw

b: Trigeminal expansion hollow compression screw

Figure 4 X-ray of trigeminal expansion hollow compression
screw and AO cannulated screw after fixation
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Table 1 Axial displacement in two groups under 500 N load

(mm)
Item Experimental group Control group
Specimen 1 1.910 2.886
Specimen 2 2.086 2.379
Specimen 3 1.902 2.879
Specimen 4 1.892 2.295
Specimen 5 1.913 2.410
Specimen 6 1.884 2.759

SR A RO, SEUG A5 0 AL O\ ) A BB A
500 NIFH43 51 4(1.9320.71) mmF1(2.53+0.28) mm. 1E
500 NZ A R, SE50 41 B2 2 (155.54+45.81) N/mm,
X 2 NI FE 4 (116.36+12.05) N/mm, P4l 2 A
e B EEE (P <0.01).

2.3 FUBATE WML WNE2.

1615




@27;52 WWW.CRTER.Org

Tr—2, F BRI OISR ET I R A ) 57

2 {£ 300 N A N PIALIRET 7S B
Table 2 Radial degree in two groups under 300 N load ~ (mm)

Item Experimental group Control group
Specimen 1 2.090 2.377
Specimen 2 1.815 2.296
Specimen 3 1.821 2.400
Specimen 4 1.835 2.368
Specimen 5 2.099 2.305
Specimen 6 2.124 2.337
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Table 3 Maximal axial pullout strength in two groups after

fixation (N)
Item Experimental group Control group
Specimen 1 2303.78 2 007.32
Specimen 2 2 456.90 2 054.25
Specimen 3 2178.23 1998.48
Specimen 4 2 254.31 2 124.69
Specimen 5 1900.67 2 033.58
Specimen 6 2 239.45 1825.14
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