
Supplementary Table 1 Detailed listing of studies using a biomechanical test setup to investigate fixation constructs for acetabular fractures. 
Reported characteristics for each category are described in the table cells. The studies are primarily sorted for tested fracture type and secondly 
sorted for year of publication. 
 
Paper Fracture type Material 

type 
Fixation 
method 
investigated 

Loading 
direction 

Loading protocol 
and loading force 

Measure-
ment 
method 

Outcome parameters 

Su et al. 
2017 [1] 

Posterior column fracture Cadaveric Plate 
Screw 

Double limb stance  Cyclic loading up to  
1400 N 

Integrated 
displacement 
sensor 
Strain gauge 

Displacement (femoral head 
subluxation [mm]) 
Stiffness [N/mm] 
Strain distribution/ 
Deformation [με] 

Marmor et 
al. 2020 
[2] 

Posterior wall fracture Cadaveric Plate 
THA 

Direction of 12° in 
coronal plain and 
36° in axial plane 
(comparable with 
mediosuperior 
direction described 
by Bergmann et al.) 

Cyclic loading with up to 
1.8 x BW 

Optical 
measurement 
system 
Integrated 
displacement 
sensor 

Displacement (femoral head 
subluxation [mm]) 

Pease et 
al. 2019 
[3] 

Posterior wall fracture Synthetic Plate 
Screw 

Plane of 
encompassing 
anterior superior 
iliac spine and 
symphysis pubis is 
vertical; joint 
surface of 
symphysis is 
vertical at 90° to this 
plane; 30° flexion is 
generated during 
loading by an angle 
plate 

Cyclic loading with 1000 - 
1500 N 

Optical 
measurement 
system 

Displacement 
(interfragmentary motion 
[mm]) 
Stiffness [N/mm] 

Altun et al. 
2019 [4] 

Posterior wall fracture Synthetic Plate Single-leg stance Quasi-static loading with 
up to 2300 N  
Cyclic loading with up to 
2300 N 

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 

Wu et al. 
2018 [5] 

Posterior wall fracture Synthetic Plate 
Screw 

Femur prosthesis 
loaded with a 
flexion 75° in hip 
joint 

Cyclic loading with 350 N 
Loading to failure 

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 
Force at construct failure [N] 



Zhang et 
al. 2013 
[6] 

Posterior wall fracture Cadaveric Plate 
Screw 

Double-limb stance Cyclic loading up to  
1500 N 

Ultrasound-
based system 

Displacement 
(interfragmentary motion, 
vector dislocation [mm]) 
Stiffness [not specified] 

Shim et al. 
2011 [7] 

Posterior wall fracture Synthetic Plate 
Screw 

Single-leg stance Cyclic loading up to  
900 N 

Optical 
measurement 
system 

Displacement (gap motion, 
interfragmentary motion [mm]) 

Xin-wei et 
al. 2010 
[8] 

Posterior wall fracture Cadaveric Plate 
Acetabular 
tridimensional 
memory alloy-
fixation system 
(ATMFS) 

Double-limb stance Quasi-static loading up to 
4000 N 

Pressure-
sensitive film 

Contact area [cm2] 
Load and mean/peak pressure 
distribution within acetabulum 
[N, MPa] 

Olson et 
al. 2007 
[9] 

Posterior wall fracture Cadaveric Plate 
Calcium 
phosphate 
cement 

Single leg stance 
via a simulated 
abductor load 

Quasi-static loading up to 
1700 - 2200 N 

Pressure-
sensitive film 
Mechanical 
distance 
indicator 

Fracture displacement 
(interfragmentary motion [µm]) 
Contact area [cm2] 
Load and mean/peak pressure 
distribution within acetabulum 
[N, MPa] 

Osterhoff 
et al. 2019 
[10] 

Anterior column fracture Synthetic Screw Mediosuperior 
direction 

Cyclic loading with 25 - 
750 N 
Load to failure 

Optical 
measurement 
system 

Displacement 
(interfragmentary motion 
[mm]) 
Stiffness [N/mm] 
Force and cycles at construct 
failure [N, n] 
Failure energy [N*cycles] 
Mode of failure 

Gillispie et 
al 2017 
[11] 

Anterior column fracture 
with quadrilateral plate 
involvement 

Cadaveric Plate 
Screw 

Perpendicular to 
acetabulum 

Quasi-static loading up to 
300 N  
Load to failure 

Integrated 
displacement 
sensor 

Displacement (femoral head 
subluxation [mm]) 
Stiffness [N/mm] 
Force and Stiffness at 
construct failure [N, N/mm] 
Elastic/plastic energy [kJ] 
Yield/maximum force [N] 

Kacira et 
al. 2016 
[12] 

Anterior column fracture Synthetic Plate Double-limb stance Quasi-static loading up to 
2300 N 

Optical 
measurement 
system 

Displacement 
(interfragmentary motion 
[mm], femoral head 
subluxation [mm and °]) 

Marintsche
v et al. 
2012 [13]  

High anterior column 
fracture 

Synthetic Plate 
Screw 

Single-leg stance 
with mobile pelvis 

Cyclic loading with up to 
800 N 

Ultrasound-
based system 

Displacement 
(interfragmentary motion, 
vector dislocation [mm]) 



Gras et al. 
2012 [14] 

High anterior column 
fracture 

Synthetic Plate  
Screw 

Single leg stance 
with mobile pelvis 

Cyclic loading with 800 N 
Load to failure 

Ultrasound-
based system 

Displacement 
(interfragmentary motion, 
vector dislocation [mm]) 
Force at construct failure [N] 

Le Quang 
et al. 2020 
[15] 

Transverse fracture Synthetic Plate 
Screw 

Single-leg stance  
Sit-to-stand 
 

Quasi-static loading up to 
750 N 
 

Optical 
measurement 
system  

Displacement (gap motion 
[mm], interfragmentary 
rotation [°]) 

Moktar et 
al. 2020 
[16] 

Transverse fracture Synthetic Plate 
Screw 
THA 

Mediosuperior 
direction (45° 
superomedial and 
15° posterior 
direction) 

Quasi-static loading up to 
750 N 
Load to failure 

Optical 
measurement 
system 

Displacement (gap motion and 
sliding [mm]) 
Stiffness [N/mm] 
Force at construct failure [N] 

Ryan et al. 
2019 [17] 

Transverse fracture Synthetic Plate 
Screw 

Mediosuperior 
direction (40° 
superomedial 
direction) 

Cyclic loading with  
1700 N 
Load to failure with 4800 
N cyclically 

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 
Cycles at construct failure [n] 

Kistler et 
al. 2014 
[18] 

Transverse fracture Synthetic Plate 
Screw 

Mediosuperior 
direction 

Cyclic loading with 17.5 - 
1750 N 
Load to failure  

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 
Force at construct failure [N] 

Khajavi et 
al. 2010 
[19] 

Transverse fracture Synthetic Plate 
Screw 

Mediosuperior 
direction (45° 
superomedial and 
25° posterior 
direction) 

Quasi-static loading with 
up to 2000 N 

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 

Mehin et 
al. 2009 
[20] 

Transverse fracture Cadaveric Plate 
Screw 

Perpendicular to 
acetabulum 

Cyclic loading with 50 - 
250 N 
Load to failure  

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 
Force at construct failure [N] 

Chang et 
al. 2001 
[21] 

Transverse fracture Cadaveric Plate 
Screw 
Wire 

Mediosuperior 
direction (45° 
superomedial and 
15° posterior 
direction) 

Load to failure Integrated 
displacement 
sensor 
Strain gauge 

Stiffness [MPa] 
Stress distribution [MPa] 
Yield/maximum strength 
[MPa] 

Becker et 
al. 2018 
[22] 

T-shaped fracture Synthetic Plate 
Screw 
INFIX 
(subcutaneous 
internal anterior 
fixation) 

Single-leg stance Cyclic loading with 150 - 
250 N 
Quasi-static loading up to 
600 N 

 

Ultrasound-
based system 

Displacement 
(interfragmentary motion 
[mm]) 
Stiffness [N/mm] 
 

Le Quang 
et al. 2021 
[23] 

Anterior column posterior 
hemitransverse fracture 

Synthetic Plate 
Screw 

Single-leg stance  
Sit-to-stand 
 

Quasi-static loading with 
50 - 750 N 

Optical 
measurement 
system  

Displacement (gap motion 
[mm], interfragmentary 
rotation [°]) 



Becker et 
al. 2020 
[24] 

Anterior column posterior 
hemitransverse fracture 

Synthetic THA Single-leg stance 
with mobile pelvis 
and angles 
comparable to 
Bergmann et al. 

Cyclic loading with 250 - 
2400 N 

Optical 
measurement 
system 

Displacement (gap motion 
[mm], interfragmentary 
rotation [°]) 

Chen et al. 
2020 [25] 

Anterior column posterior 
hemitransverse fracture 

Synthetic Plate  
Screw 

Mediosuperior 
direction 

Cyclic loading with 35 - 
750 N 

Optical 
measurement 
system 

Displacement 
(interfragmentary motion 
[mm]) 
Stiffness [N/mm] 

Busuttil et 
al. 2019 
[26] 

Anterior column posterior 
hemitransverse fractures 

Synthetic Plate 
Screw 

Mediosuperior 
direction  

Cyclic loading with 17.5 - 
2450 N 
Load to failure 

Optical 
measurement 
system 

Displacement (gap motion 
[mm], interfragmentary 
rotation [°]) 
femoral head subluxation 
[mm] 
Cycles and force at construct 
failure [N, n] 
Failure energy [N*cycles] 

Tanoglu et 
al. 2018 
[27] 

Anterior column posterior 
hemitransverse fractures 

Synthetic Plate 
Screw 

Single-leg stance Cyclic loading with 50 - 
500 N 
Quasi-static loading with 
up to 1200 N 

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 

May et al. 
2018 [28] 

Anterior column posterior 
hemitransverse fracture 

Synthetic Plate 
Screw 

Point of maximum 
vertical hip contact 
force during walking 
as defined by 
Bergmann et al. 
Not further specified 

Cyclic loading with 35 - 
350 N 
Load to failure 

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Force at construct failure [N] 

Aziz et al. 
2017 [29] 

Anterior column posterior 
hemitransverse fracture 

Synthetic Plate 
Cable fixation 
THA 

Mediosuperior 
direction (45° 
superomedial and 
20° posterior 
direction) 

Quasi-static loading up to 
2207 N 
Load to failure 

Optical 
measurement 
system 

Displacement (gap motion and 
sliding [mm]) 
Stiffness [N/mm] 
Force at construct failure [N] 
Failure energy [J] 

Spitler et 
al. 2017 
[30] 

Anterior column posterior 
hemitransverse fracture 

Synthetic Plate 
Screw 

Mediosuperior 
direction (45° 
superomedial and 
15° posterior 
direction) 

Quasi-static loading with 
50 - 1050 N 

Optical 
measurement 
system 

Displacement 
(interfragmentary motion 
[mm]) 
Stiffness [N/mm] 

Uvarovas 
et al. 2016 
[31] 

Anterior column posterior 
hemitransverse fracture 

Synthetic Plate 
THA 

Single-leg stance Quasi-static loading with 
up to 1187 N 

Mechanical 
distance 
indicators 

Displacement (gap motion 
[mm]) 

Zha et al. 
2015 [32] 

Anterior column posterior 
hemitransverse fracture 

Synthetic Plate 
Screw 

Perpendicular  Quasi-static loading up to 
300 N 
Load to failure 

Integrated 
displacement 
sensor 

Displacement (not specified 
[mm]) 
Stiffness [N/mm] 



AFRIF 
(acetabular 
fracture 
reduction 
internal fixator) 

Force at construct failure [N] 

Culemann 
et al. 2010 
[33] 

Anterior column posterior 
hemitransverse fracture 

Synthetic 
Cadaveric 

Plate 
Screw 
 

Single-leg stance 
with mobile pelvis 

Quasi-static loading with 
750 N (synthetic) or  
375 N (cadaveric) 

Ultrasound-
based system 

Displacement 
(interfragmentary motion 
[mm]) 

Wu et al. 
2020 [34] 

High associated both 
column fracture 

Cadaveric Plate 
Screw 

Double-limb stance Quasi-static loading up to 
800N  

Mechanical 
(digital) 
distance 
indicator 
Beam sensor 

Displacement 
(interfragmentary motion, 
longitudinal motion of pelvis 
[mm]) 
Stiffness [N/mm] 
 

Wen et al. 
2020 [35] 

Associated both column 
fracture 

Cadaveric Plate Perpendicular to 
acetabulum 

Quasi-static loading up to 
700 N  
Load to failure 

Optical 
measurement 
system 

Displacement (gap motion 
[mm]) 
Stiffness [N/mm] 
Force at construct failure [N] 

Wu et al. 
2013 [36] 

High associated both 
column fracture 

Cadaveric Plate Double-limb stance 
Sitting position 

Cyclic loading with 400 - 
700 N 

Mechanical 
(digital) 
distance 
indicator 
Beam sensor 

Displacement 
(interfragmentary motion, 
longitudinal motion of pelvis 
[mm]) 
Stiffness [N/mm] 

 
 
Supplementary table 2 Detailed listing of studies using a finite element analysis to investigate fixation constructs for acetabular fractures. 
Reported characteristics for each category are described in the table cells. The studies are primarily sorted for tested fracture type and secondly 
sorted for year of publication. 
 
Paper Fracture type Fixation 

method 
investigated 

Loading direction Loading protocol and 
loading force 

Outcome parameters 

Lei et al. 
2016 [37] 

Posterior wall fracture Plate 
Screw 

Double-limb stance loading 
Sit-to-stand with various angles 

Static loading with 600 - 1200 N Displacement (along fracture 
lines [mm]) 
(Von Mises) Stress distribution 
[MPa] 

Shim et 
al. 2011 
[7] 

Posterior wall fracture Plate 
Screw 

Single-leg stance Cyclic loading up to 900 N Displacement (interfragmentary 
motion [mm]) 



Yücens et 
al. 2019 
[38] 

Anterior column fracture Plate  
Screw 

Double-limb stance 
 

Static loading with 2300 N Displacement (interfragmentary 
motion [mm]) 
(Von Mises) Stress distribution 
[MPa] 

Terzini et 
al. 2021 
[39] 

Transverse fracture 
T-shaped fracture 

Plate 
Screw 

Single-leg stance with resultant 
forces according to Bergmann et al. 

Static loading with 2032 N (Von Mises) Stress distribution 
[MPa] 
Displacement (interfragmentary 
motion [mm]) 
Axial and shear strain calculated 
from displacement [%] 

Yildirim et 
al. 2015 
[40] 

Transverse fracture Plate 
Screw 

Double-limb stance 
Sitting position 

Static loading with 400 N Displacement (interfragmentary 
motion [mm]) 
(Von Mises) Stress distribution 
[not specified] 

Fan et al. 
2015 [41] 

T-shaped fracture Plate 
Screw 

Double-limb stance loading 
 

Static loading with 600 N Displacement (along fracture 
lines [mm]) 
Stiffness [N/mm] 
(Von Mises) Stress distribution 
[MPa] 

Lei et al. 
2017 [42] 

Anterior column posterior 
hemitransverse fracture 

Plate 
Screw 

Double-limb stance loading 
 

Static loading with 600 N Displacement (along fracture 
lines [mm]) 
Stiffness [N/mm] 
(Von Mises) Stress distribution 
[MPa] 

Aziz et al. 
2017 [29] 

Anterior column posterior 
hemitransverse fracture 

Plate 
Cable fixation 
THA 

Mediosuperior direction (45° 
superomedial and 20° posterior 
direction) 

Static loading with 2207 N (Von Mises) Stress distribution 
[MPa] 

Liu et al. 
2016 [43] 

Anterior column posterior 
hemitransverse fracture 

Plate 
Screw 

Multi-part model of 5 different gait 
phases with differing loading 
directions 

Static loading with a multi-part 
model of 5 different gait phases with 
differing resultant forces 

Displacement (gap motion [mm]) 
 

Kocsis et 
al. 2019 
[44] 

Associated both column 
fracture combined with a 
transversal component 

Plate 
THA 

Double-limb stance 
Sit-to-stand 
Climbing stairs 
 

Static loading (force not specified) Displacement (shift [not 
specified]) 
(Von Mises) Stress distribution 
[MPa] 
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