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Biomechanical comparison between anterior and upper reconstruction plate internal fixation for

middle clavicular fractures
Shi Ji-xiang, Cao Cheng-fu, Shi Wen-jun, Ji Bin, Zhou Qiang, Zhou Jun-jie, Zhao Ying, Liu Fu-ying

Abstract

BACKGROUND: It is dispute which placement methods are adaptable when repairing clavicle middle segment comminuted
fractures using open reduction and internal fixation, therefore, the biomechanical difference between anterior and upper
reconstruction plate internal fixation should be verified, which can provide guidance for clinical treatment.

OBJECTIVE: To compare the biomechanical characteristics of upper and anterior reconstruction plate internal fixation for middle
clavicular fractures.

METHODS: Totally 12 adult clavicles (24 clavicles) were prepared for middle fractures models, fixed using 6 holes reconstruction plate,

and randomly divided into 3 groups: in the upper plate group (n=9) and the anterior plate group (n=9), the reconstruction plates were
fixed at the upper or anterior of the clavicle fracture specimen, there were 3 screws at the each end of fracture lines. In the normal
specimen group (n=6), there was no treatment. The biomechanical characteristics of each specimen were tested and compared.
RESULTS AND CONCLUSION: Three-point bending test, torsional strength and stiffness measurement demonstrated that there
were no significant difference between the upper plate, anterior plate and normal specimen groups (P < 0.05); the tension test
showed that the tensile strength and stiffness of the anterior plate group were larger than that of the upper plate group (P < 0.05),
with stronger pull-out resistance (P < 0.05). Simultaneously, the anti-putout power of the anterior plate group was less than the
upper plate group (P < 0.05). It revealed that the anterior reconstruction plate internal fixation is an ideal method for treating
middle clavicular fracture.
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Table 1 Relation of load-straining following internal fixation

(xts, pe)
Normal specimen Upper plate Anterior plate

Load (N) group (n=6) group (n=9) group (n=9)
300 262.0+11.0 245.045.3 258.0+6.9
600 604.0+14.3 588.0+12.8 592.0+13.2
900 1298.0+£79.1 1196.0£39.8  1257.0+32.5
1100 3 356.0+125.8 3 358.0+65.1 3363.0+78.6
1280 4225.0+196.4 4268.0+¢97.5 4 325.0+87.1
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Table 2 Relation of load-migration following internal fixation

(xs, mm)

Load (N) Normal spei:lmen Upper plfte Anterior p_Iate
group (n=6) group (n=9) group (n=9)
300 0.93+0.03 0.07+0.05 0.06+0.01
600 1.84+0.07 1.62+0.06 1.78+0.04
900 3.51+0.09 3.56+0.02 3.43+0.07
1100 7.43+0.18 7.25+0.23 7.50+0.15
1280 9.55+0.32 9.41+0.29 9.43+0.44
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Table 3 Relation of strength and bending stiffness following
internal fixation (x£s)
Maximum Bending rigidity
Group n strength (MPa) (N-cm/Deg)
Normal specimen 6 55.82+4.56 287.16+£23.12
Upper plate 9 54.97+3.25 283.51+£19.23
Anterior plate 9 55.46+3.48 288.95+£17.65
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Table 4 Relation of torsion moment-torsional angle after
internal fixation following internal fixation
(xts , Necm)

Torsional Normal specimen Upper plate Anterior plate
angle (°) group (n=6) group (n=9) group (n=9)
4 92.56+8.32 77.53+5.87 78.38+5.58

6 112.45+12.17 87.90+13.35 90.17+£12.76

8 117.75+17.22 95.10+12.89 94.80+18.09

10 110.27+19.45 95.10+14.88 94.18+15.66

12 99.68+25.51 88.50+28.53 90.75+21.39
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Table 5 Torsional stiffness under different internal fixation
following internal fixation (xxs)

Torsional stiffness Torsional angle 6

Group

(N-cm/Deg) (Deg/L)
Normal specimen 6 14.97+1.07 0.58+0.03
Upper plate 9 12.59+0.81% 0.49+0.15%
Anterior plate 9 12.40+0.78° 0.51+0.18%

2P < 0.05, vs. Normal specimen group
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