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INTRODUCTION 

Both reconstructive surgical technique and prosthetic 
design play a decisive role in amputee’s postoperative 
life. Osteomyoplasty or Ertl procedure is one of the 
surgical amputation techniques and aims in 
tibiofibular bone bridging. Its supporters claim 
improved distal support environment for the stump-
socket interactions.  The opponents however have 
raised considerable controversy based on some early 
outcome studies (Granata, 2010). The present study 
aims to assess from the biomechanics perspective 
the effects of bone bridging phenomenon at the 
kinematic behavior of the socket-stump interface 
using Biplane Dynamic Radiography (DRSA) 
instrumentation.   
METHOD 

A 36 years old male bilateral transtibial amputee 
(Weight: 85.5kg, Height: 1.85m, Stump length: 0.14m) 
wearing patellar tendon bearing (PTB) socket 
participated in this study approved by our IRB. The 
participant had undergone ERTL surgical 
reconstruction 8 years prior the study. We rigidly fixed 
several 4mm tantalum markers (Papaioannou, 2010) 
on the external surface of the sockets and stripes of 
tantalum pigment paint in the shape of orthogonal 
meshes were placed on the skin surface. The patient 
was asked to perform the task of coming down from 
stairs (while landing on the prosthesis (stair height: 22 
cm)) and also the task of sudden stop in the direction 
of progression as if to prevent a collision accident. 
The same protocol was performed by a group of three 
transtibial subjects with conventional surgical 
reconstruction and without any natural bone growth 
for comparison purposes (Weight: 85±7 kg, Height: 
1.72±0.05 m, Stump length: 0.175±0.020 m). The 
DRSA (IMEROSIN

TM
, Bioimerosin Laboratories SA) 

instrumentation was used to assess all trials 
(Papaioannou, 2010). Tracking of the high-speed 
kinematics of the orthogonal skin meshes, the 
residual bone edges, the knee joint prosthesis and all 
the tantalum markers was performed for all 
participants. The displacement history of the tibia-
fibula bone edges (inter-distance) was assessed for 
the whole motion of the residuum.  
RESULTS 

High variations were observed in the tibio-fibular inter-
distance between the conventional surgery patients 
and the bone bridging patient (ERTL) immediately 
after the heel impact phase of both tasks. Despite the 
bone bridge we observed minimal tibial and fibular 
bone edge (tracking the most distal part of each bone) 
displacement in the transtibial amputee with 

tibiofibular bone bridging. Fluctuations of the 
tibiofibular distances prior and after the impact were in 
the range of ±7mm for the Step Down (SD) task and 
±3mm for the Sudden Stop (SS) for all participants.   
DISCUSSION 

The velocities and accelerations calculated in XYZ 
directions (X: Anterior-Posterior, Y: Medio-Lateral 
axis, Z: Vertical Axis) revealed that the bilateral 
amputee with the bone bridging performed in average 
higher values prior (average value: 836±79mm/s) and 
after the heel impact (84±258mm/s) in both tasks and 
had the highest rate of restoration to equilibrium 
position in 0.25±0.05s after the impact phase vs 
0.4±0.05 s for the conventional amputees. 

 

CONCLUSION 

The analysis showed that the ERTL patient was 
capable of undergoing higher velocities and 
accelerations for both controlled tasks. Most 
importantly the ERTL stump returned to equilibrium 
much faster than the conventionally reconstructed 
stump for both tasks suggesting a more controlled 
absorption of the impact impulse.   

CLINICAL APPLICATIONS 

Outcomes of this work, provided that they are 
supported by a larger patient sample could affect the 
surgical decision-making and postoperative 
evaluation of optimal transtibial reconstruction 
procedures. 
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Ertl 1 2 3 
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t MAX -687.7 -491.8 -370.7 -500.1 

MIN -1034.4 -939.8 -483.4 -1147.1 

AVG -836.0 -615.8 -401.0 -763.4 

STD 79.4 100.7 26.1 192.5 
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c
t MAX 103.7 354.6 223.9 239.3 

MIN -1020.4 -813.6 -412.9 -1166.3 

AVG -84.3 -12.6 -65.4 -54.5 

STD 258.3 193.9 162.8 254.1 

Table 1: Tibia edge velocities for Step-Down task 
(Vertical Axis). Note the ERTL patient values as 
compared to the highest absolute values of all 
participating patients prior and after the impact. 


