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Biomechanical study on different internal fixation methods of joint stability reconstruction of distal tibiofibular syn-
desmosis injury FEI Jun,LAI Zhen,WEI Wei,HU De-xin ,and YU Yong-jie. Department of Orthopaedics , Zhejiang Hospital
of Chinese Traditional and Westerm Medicine ,Hangzhou 310003, Zhejiang, China
ABSTRACT Objective To evaluate biomechanical properties in different methods of internal fixation combined with dis-
tal tibiofibular syndesmosis injury,in order to provide a theoretical basis for clinical choice. Methods:Six lower limbs spec-
imens were collected and divided into 5 groups,including normal group,distal tibiofibular syndesmosis injury (injury
group) ,3 cortexes group,4 cortexes group and hook-plate fixation group. Neutral position, plantar flexion position (30°),
dorsiflexion (20° )supination external rotation position of foot movement were simulated on universal materials tester.
Strength, stiffness and stability of ankle joint in 4 kinds of motion conditions were measured. Results: There was significant
differences in strength and stiffness of ankle joint between injury group and normal group in 4 different kinds of motion
conditions (P<0.05). Strength and stiffness of ankle joint in 3 cortexes group,4 cortexes group and hook-plate fixation group
were improved obviously in 4 different kinds of motion conditions,and biomechanical indexes were recovered normally or
better than normal group. Stiffness of the three fixation groups were better than normal group,but there was no significant
differences among three groups (P>0.05),while stiffness of hook-plate fixation group was closed to normal group. Conclu-
sion; For distal tibiofibular syndesmosis injury, 1 screw with 3 cortexes,4 cortexes and hook-plate had a positive impact on
strength , stiffness and stability of distal tibiofibular syndesmosis injury stress,and could restore the normal stabllity of ankle
joint after reconstruction. While fixing by screw fixation would limit the rototary motion of ankle joint,ankle mortise could
not adapt to changes of talus bone,thus induces screw breakage and traumatic arthritis. Hook-plate fixation is more suitable
than 3 cortexes or 4 cortexes fixation for bilmechanical properties,and its’ stress is more balance and can reduce postopera-
tive complcations.
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Fig.1 Biomechanics schematic diagram of ankle joint (P is physiological

load applied on specimen,KG1,KG2,KG3 are KG type grating displace-

ment sensor; A, B, C, D are stance strain slice paste position
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Tab.1 Mterial mechanics properties of tibiofibular talus

(x£s,n=6)
o A5 A FARTY AR
e R EEOL R MR
B8 1.2320.10 3.26+045 0.92+020 7350£386 0.30+0.01
MR 0.16+0.02  3.24+020 0.70+0.18 3670+274 0.29+0.01
PR 1.3720.11 2.48:0.22 0.98+0.08 9232+627 0.30£0.01
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Tab.2 Comparison of stress values between normal group and injury group under ankle movement condition (x+s,MPa)

2151 BREL H BEL R AR iz ST AL i 20° B 30° JiEJ5 SMiE
IEHH 6 B 0.75+0.06 0.76+0.06 0.29+0.01 0.40+0.03
SN 0.310.02 0.94+0.07 0.38+0.02 0.430.03

I8 FHE B i 1.960.17 1.530.13 1.250.10 1.750.15

JI by e 0.43+0.03 0.37+0.02 1.05+0.08 1.94+0.17

ety 6 PR 0.62+0.04 0.68+0.04 0.17+0.01 0.34+0.02
SR 0.23+0.01 0.49+0.03 0.22+0.01 0.27+0.01

kI S=gen) 1.310.11 1.18+0.09 0.85+0.06 1.2520.11

i S=gm 0.28+0.01 0.23+0.01 0.65+0.04 1.3620.11

IR A SHG AN JI58 B FL R, * R (1=2.218,P=0.035 8) . * *AIER (1=2.452, P=0.024 3) , * * *FR HEH R (1=2.668,P=0.012 5) . **** IR HE J5

(1=2.754,P=0.008 5) , ¥I{FEEGIT 2 FEF

Note ; Comparison of strength between normal group and injury group, *medial malleolus (¢=2.218,P=0.035 8), * *lateral (¢=2.452,P=0.024 3),* * * an-
terior tibiofibular (#=2.668,P=0.0125),* * * *tibia and fibula after (t =2.754,P=0.008 5),and there were statistical significant among them
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®3 ARBEEAXNZFAHRXTIEE TR TR AELE (x+5,MPa)

Tab.3 Comparison of stress values with different kinds of fixation under ankle movement condition (x+s,MPa)

2151 BREL F REL R AR 7 HS7 Az )i 20° B 30° JiEJ5 S MNiE
BRET 3 B Jsidl A 6 NER 0.79+0.06 0.81+0.07 0.31+0.02 0.42+0.03
SN 0.33+0.02 1.01+0.08 0.41+0.03 0.46+0.04

Ji2 ke i 2.12£0.19 1.64+0.14 1.330.11 1.89+0.17

RNk S 0.45+0.04 0.39+0.03 1.11+0.08 2.08+0.16

YRET 4 J i > 6 NER 0.81+0.07 0.81+.07 0.32+0.02 0.44+0.03
AR 0.34+0.03 1.02+0.08 0.42+0.03 0.48+0.04

J12 e i 2.14+0.18 1.660.14 1.350.12 1.9120.18

JRMEE R 0.46+0.04 0.40+0.03 1.13+0.08 2.12+0.18

18 A T 2 6 PR 0.33+0.02 1.01+0.08 0.41£0.03 0.46+0.04
AR 0.32+0.03 1.0120.07 0.40£0.04 0.47+0.04

Ji2 ke i 2.08+0.19 1.62+0.13 1.32+0.11 1.900.17

R MR 0.47+0.05 0.41+0.04 1.12+0.07 2.100.18

TE: RT3}

JECEH 55 1E B 4N T3 B LA (1=0.615, P=0.059 4) , **B2ET 4 Jz Jii 20 5 1E 5 40 S5 B s (¢ =1.112, P=0.062 3) , ** * R HE4A [ &

N5 IEH AN S50 B HEK (1=1.664, P=0.067 6) , “1RET 3 iz 4l SUR%T 4 Je SRR J15m B HL# (1=1.176,P=0.071 3) , 2 F G F4 X

Note: *Comparison of strength between 3 cortexes and normal group (¢=0.615,P=0.059 4),

* *Comparison of strength between 4 cortexes and normal

group(1=1.112,P=0.062 3) , * * *Comparison of strength between hook-plate fixation and 4 cortexes group (t=1.664,P=0.067 6) , “Comparison of strength

between 3 cortexes and 4 cortexes group (t=1.176,P=0.071 3) ,and there were no significance meaning among them

F4 EFHMBGEHRRKTHINE LS (x5 ,N/mm)

Table 4 Comparison of stiffness of ankle joint between the normal group and injury group(z+s,N/mm)

2151 BREL NI EE 7 1h) HrS7 A )i 20° B 30° JE G S MiE

EH 4 6 il AR N 2 168.82+13.65 184.09+14.15 152.53+12.72 141.55+11.74
KPS 911.12+94.45 971.43+85.71 175.23+17.54 130.77+12.15

gl 6 Rl He 4 W 2 132.56+11.76 137.73+12.94 101.61+11.12 104.92+11.39
KB UIRI 737.50+80.63 733.34+66.64 115.83x11.48 86.34+7.82

T AR A SR A AN RS 3h 00T 4 1) P46 I HL A8 (1=2.812, P=0.003 1), *IE# A SR AN [R12 2 100 T /K39 UM B He % (1=2.733,

P=0.004 1), ¥IfFEG 2R

Note : “Comparison of axial compressive stiffness between normal group and injury group in different motion conditions (¢=2.812,P=0.003 1), *Compari-

son of stiffness of horizontal shear between normal group and injury group in different motion conditions (1=2.733,P=0.004 1) ,and there were statistical

significant among them
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x5 AEBEEARNEARENMERBRETHINIELE (345, N/mm)
Tab.5 Comparison of stiffness with different fixation under different positions of ankle joint(x+s ,N/mm)
45 BREL NI EE 7 1h) HrS7 A )i 20° B 30° JiEJ5 S MiE
AT 3 g A 6 b e R M 2 248.76+19.90 255.10+21.43 231.48+20.83 224.22+20.18
KV UIRIEE 1034.48+80.69 1167.74+77.42 252.10£20.61 215.83£15.25
WRET 4 e fpren 6 b e R M1 B 256.41%20.51 267.38+20.86 233.65+16.36 220.21£21.12
KV HIRI EE 1071.43£91.07 1099.98+78.92 254.24+17.28 217.39£17.36

JIgE JHEAe T 2 6 i v R 4RI 245.10+21.70
KBV B 1035.10+82.80

261.78+20.94
1000.10+82.30

227.27+20.23
255.10+£20.32

223.21+20.10
214.29+18.86

T MBET 3 B2 A 5 E H IR AR (1=2.651,P=0.041 5) , ** 24T 4 Bz JFi2H 5 15 H 4 W AR (1=2.694, P=0.038 6) , ** IR HF 4 [ E 4 5 1%
YUSREE HAR (1=2.519, P=0.043 5) e W25 5%, 23 ALmINIEE HLA% (1=2.216,P=0.071 3) , 2 S EGEH# 7 X

Note ; “Comparison of strength between 3 cortexes and normal group (1=2.651,P=0.0415), **Comparison of strength between 4 cortexes and normal group

(t=2.694,P=0.038 6), *** Comparison of strength between hook-plate and normal group  (#=2.519,P=0.043 5) , there was significant difference. “there

was no significant differences among three groups (1=2.216,P=0.071 3) ,there was no statistical significance among them
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