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SUMMARY 
 
Sacral fractures are a consequence of motor vehicle accidents. 
The sacrum bone fractures vertically, approximately parallel 
to its longitudinal axis (Type C sacral fracture). The fractures 
are fixed by placing iliosacral screws in the direction 
perpendicular to the fracture line of the broken sacrum.  
However, the difficulty of the surgical techniques and lack of 
guided vision increase the risk of the operating procedure. An 
alternative fracture fixation device involving a ‘gull – wing’ 
plate and cortical screws is implemented to reduce the risk of 
the surgical operation. We used Finite Element Analysis 
(FEA) to verify the biomechanical stability of the gull-wing 
plate technique. A static loading of 800N was applied through 
the neutral position of the spine to simulate a person sitting up. 
The results obtained from FEA showed that the stresses in the 
plate and screws were below their yield strengths in magnitude 
of order 3. This suggests that the fixation device is able to 
perform its task of stabilizing the fracture site upon the 
completion of the operation. Therefore, immediate post – 
operative loading is deemed reasonable.  
 
INTRODUCTION 
 
Sacral fractures occur in a number of ways1. Long distance 
runners with repeated stress injuries as well as elderly people 
who are diagnosed with osteoporosis have been reported to 
suffer from such sacral fractures. Traffic accidents involving 
high speed collisions which cause the victim to land on the 
posterior end of the pelvis also lead to sacral fractures. Type C 
sacral fractures are both rotationally and vertically unstable. 
Stability is the key to proper fracture healing, with rate of 
bone healing directly proportional to the amount of 
interfragmentary movement of the bone fragments. 
 
Sacral fractures can be fixed by implementing a device 
involving a ‘gull – wing’ plate and cortical screws. The in vivo 
operation requires sufficient biomechanical rationale to justify 
its feasibility for surgical use in the patient. 
  
METHODS 
 
Finite element models of the sacrum and ilium were generated 
from a patient’s CT-scan, using MIMICS software 
(Materialize Inc.). Material properties were allocated to each 
of the elements in the numerical model, according to an 

empirical relationship that relates CT-number to Young’s 
modulus and Poisson’s ratio. A Tile C fracture was then 
simulated on the computer-generated model.2 

 
The CAD model of the gull-wing plate and cortical screws 
was designed using SolidWorks 2009 (Dassault Systems). The 
models were then imported into ABAQUS (Simulia, RI) for 
finite element analysis. A point load of 800N was imposed 
vertically downwards along the neutral axis, in order to 
simulate the forces present when a person is rising from a 
sitting position. The boundary conditions were set such that 
the lower end of the pelvis was clamped, in order to mimic the 
transition from a sitting position to a standing position. 
 
RESULTS AND DISCUSSION 
 
A load of 800N through the neutral position would cause the 
fractured sacrum to displace relative to each other. Clinically, 
as long as the relative displacement between the fracture 
site does not exceed 2.5 mm, the system is considered to be 
stabilized. Excessive movements would cause damage to the 
adjacent nerve roots. The idea of the fracture fixation device is 
to transmit the loading to the screws thereby reducing the 
movement of the fractured sacrum. 
 
The results showed that the greatest stress occurred along the 
shaft of the screw. The stresses on the gull-wing plate were 
significantly less than the yield stress for the material (steel), 
thereby indicating the plate is not likely to undergo failure 
post-operation. 
 
We also discovered that various configurations of screw 
placement resulted in small differences in stress distribution. 
This result implies that there could be an optimal 
configuration of screws and plate for each particular type of 
fracture. 
 
The influences of the muscular forces on the biomechanics 
were not taken into account in this study, owing to their sheer 
complexity. A subsequent study on the biomechanical stability 
of the same gull–wing plate during single-leg stance will be 
undertaken, in order to verify the feasibility and efficacy of the 
gull-wing plate technique as a means of fixing sacral fractures. 
 
 
 



CONCLUSIONS 
 
In conclusion, this study shows that the application of the gull-
wing plate method in treating sacral fractures is efficient and 
suitable for faster healing. The gull-wing plate is 
biomechanically stable during post-operative loading, and can 
enable a patient to attain mobility sooner. 
 

 
 
Figure 1. CAD model of sacrum showing simulated fracture 
and the gull-wing plate placed on the posterior side. 
 
 

 
 
Figure 2. A: Saw-bone replica of sacrum showing the 
placement of the gull-wing plate and the cortical screws for 
fixation of sacral fracture; B: Finite element model of the 
sacrum and gull-wing plate prior to finite element analysis 
 
 
 
 

 
 
 
 

 
 
Figure 3:  Typical stress distribution in one of the cortical 
screws, showing the location of maximum stress (von Mises’) 
during loading (in red). 
 
 

 
 
Figure 4:  Typical stress distribution in the gull-wing plate, 
showing the location of maximum stress (von Mises’) during 
loading (in red). 
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