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Figure 19: Bone Loading. (a) Axial tension/compression. (b) Bending. (c) Torsion. (d) Shear.  

Adapted from Athanasiou et al.[6] 

 

2.4.5 Plating System Load Distribution 

As a result of applying an internal fixation system to bone, additional forces and stresses 

interact with the system and are dependent on the design of the system and the loading mode. 

These load distributions are an important consideration when designing an implantable plating 

system. 

When subjecting bone to axial compression and bending loads, additional force 

interactions are present in the system. Figure 20 depicts the forces associated with applying a 

conventional plate, as observed by the additional forces at the plate/bone, plate/screw, and 

screw/bone interfaces due to the compression and friction forces created. The additional forces 

present in fractures secured with a locking plate system, as seen in Figure 21, are at the screw 

and bone interface as no contact or compression is required between the plate and the bone. 

 

Figure 20: Axial and Bending Load Distribution 

for Conventional Plating Systems.[5] 

 

Figure 21: Axial and Bending Load Distribution 

for Locked Plating Systems.[5]
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When comparing bending strengths, DCP was significantly different from Ti LC-DCP, 

ALPS10, and Fixin. LC-DCP was significantly different from SOP. Ti LC-DCP was 

significantly different from LCP, ALPS11, and SOP. LCP was significantly different from 

ALPS10 and Fixin. ALPS10 was significantly different from ALPS11 and SOP. Finally, 

ALPS11 and SOP were both significantly different from Fixin. This is summarized in Table 7. 

When comparing bending structural stiffnesses, DCP was significantly different from 

ALPS10. LC-DCP was not significantly different from any plating system. Ti LC-DCP, LCP, 

and ALPS10 were significantly different from ALPS11 and SOP. ALPS11 and SOP were 

significantly different from Fixin. This is summarized in Table 7. The elaborated ANOVA and 

Tukey pairwise comparison output from Minitab is included in Appendix C. 

Table 7: Four-Point Bending Tukey Analysis Summary 

Plating System Bending Stiffness Bending Structural Stiffness Bending Strength 

SOP A 
  

A 
  

A 
  

ALPS11 A B 
 

A B 
 

A 
  

DCP A B 
 

A B 
 

A B 
 

LCP A B 
 

A B 
  

B C 

LCDCP 
 

B C 
 

B C A B C 

Fixin 
  

C 
  

C 
 

B C 

Ti-LCDCP 
  

C 
  

C 
 

B C 

ALPS10 
  

C 
  

C 
  

C 

Plating systems which don’t share grouping letters are significantly different. 

5.2 Torsion 

Raw data were recorded in comma separated variable format reporting time, maximum 

torque, and maximum angle at each half cycle. Using Microsoft Excel, graphs for maximum 

torque and maximum angle for each half cycle were developed for each plating system to assist 

in determining failure modes of the samples and ensuring the specified torque was reached. To 

determine if the sample exceeded the failure specification for angular rotation, total angular 

rotation was extrapolated at the 1000
th

, 5,000
th

, 10,000
th

, and 15,000
th

 cycle. This rotation was 

not calculated below the 1000
th

 cycle to allow the construct to settle.[53] If the total increase in 

angular displacement between the 1,000
th

 and 15,000
th

 cycle was greater than 25%, the 

subsequent test was cycled at the torque value 10% lower than that of the evaluated test or 10% 

higher if the contrary occurred. Based on previously conducted acute failure tests, Table 8 below 

was developed to summarize the different torque values which may have been tested. Appendix 

C elaborates the extrapolated angular rotation for each sample. 
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Table 8: Plating System Torque Values. 

Plating System Torque Values (N-m) 

  100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 

SOP 8.66 7.79 6.93 6.06 5.20 4.33 3.46 2.60 1.73 0.87 

LCP 8.53 7.68 6.82 5.97 5.12 4.27 3.41 2.56 1.71 0.85 

ALPS11 8.35 7.52 6.68 5.85 5.01 4.18 3.34 2.51 1.67 0.84 

DCP 8.32 7.49 6.66 5.82 4.99 4.16 3.33 2.50 1.66 0.83 

LC-DCP 7.58 6.82 6.06 5.31 4.55 3.79 3.03 2.27 1.52 0.76 

Fixin 6.80 6.12 5.44 4.76 4.08 3.40 2.72 2.04 1.36 0.68 

ALPS10 5.68 5.11 4.54 3.98 3.41 2.84 2.27 1.70 1.14 0.57 

 

When total angular displacement increased by 25% throughout the test, bone model 

fracture, at minimum, was evident. When tested samples failed before reaching 15,000 cycles, 

samples were visually inspected to determine the cause of failure. Screw fracture was evident 

across all plating systems. Multiple plating systems also experienced bone model fracture and 

failure. Screw pullout was only evident on one plating system, as was plate fracture. Table 9 

summarizes the number of occurrences for each construct failure mode. 

Table 9: Plating System Failure Mode Occurrences. 

  Screw 
Pullout 

Screw 
Fracture 

Bone Model 
Fracture 

Bone Model 
Failure 

Plate 
Failure 

DCP 

O
cc

u
rr

en
ce

s 

 3 3 4  

LCP  7 2   

Fixin  8    

ALPS10 1 1   6 

ALPS11  5  7  

SOP 1 9    

LC-DCP  1 3 5  

 

The run-out and failure data points for samples of each plating system were plotted to 

note any visible trends in the data and are included in Appendix D. Appendix E includes the 

summarized angular rotation, in degrees, for each plating system across four points throughout 

the cycle. Probability plots were developed as one method of quantifying the estimated mean 

fatigue strength and standard deviation of each plating system. These can be seen in Appendix F. 

The previously described Dixon-Mood equations were also used as an equivalent method 

for calculating mean fatigue strength and standard deviation. Mean fatigue strength was 

calculated in terms of each plating system’s acute failure torque percentage and absolute torque 

value in both methods. The highest mean fatigue strength in terms of percentage of acute failure 

torque of the plating system able to survive at its highest percentage of acute torque was 

observed in the ALPS10 plating system. The lowest was seen in the SOP plating system. Dixon-
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Figure A.13: Fixin, Sample 1 

 

 
Figure A.14: Fixin, Sample 2 
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Figure A.15: Fixin, Sample 3 

 

 
Figure A.16: Fixin, Sample 4 
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Figure A.17: SS LC-DCP, Sample 1 

  

 

Figure A.18: SS LC-DCP, Sample 2 
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Figure A.19: SS LC-DCP, Sample 3 

 

 

Figure A.20: SS LC-DCP, Sample 4 
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Figure A.21: Ti LC-DCP, Sample 1   

 

Figure A.22: Ti LC-DCP, Sample 2 


