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INTRODUCTION 

A critical function of the foot-ankle complex during 
walking is to facilitate advancement of the stance limb 
through heel, ankle, and forefoot rockers and 
generation of power during pre-swing (Perry, 1992).  
These features are altered or diminished for bilateral 
transtibial amputees (BTAs) when using passive foot-
ankle mechanisms and they must rely on 
compensatory mechanisms to advance the lower 
limbs and maintain forward ambulation (Su, 2007, 
Major, 2013). The purpose of this study was to 
determine the effects of ankle immobilization on able-
bodied (AB) gait to serve as a model for 
understanding BTA gait and associated 
compensatory mechanisms when active ankle motion 
and power generation is unavailable. 

METHOD 

Subjects: Nine AB individuals (27±3 yrs, 1.75±0.10 m, 
76±17 kg) were included in this study.  Additionally, 
data from ten BTA prosthesis users (50±18 yrs, 
1.73±0.08 m, 82±16 kg) in a previous study (Major, 
2013), were included for comparison. 

Apparatus: The subjects were fitted with a modified 
Helen Hayes marker set (Kadaba, 1990). Kinematics 
were measured with an eight-camera digital motion 
analysis system (Motion Analysis Corporation (MAC), 
Santa Rosa, CA).  Kinetic data were collected with six 
force plates (AMTI, Watertown, MA) embedded in a 
10 m walkway.  

Procedure: Subjects were recorded walking at normal 
and fast self-selected speeds, without and with casts, 
respectively. The bilateral casts (Delta-Lite Fiberglass 
(BSN Medical Ltd., Brierfield, UK)), were fitted from 
below the knee joint to the toes with the ankle joints in 
a neutral position to prevent ankle joint motion. 

Data Analysis: OrthoTrak software (MAC) was used 
to estimate joint kinematics and kinetics. 

RESULTS 

Normal walking speeds were markedly different 
between the no cast (1.02±0.18 m/s) and cast 
(1.34±0.1 m/s) conditions. Since no appreciable 
difference in walking speed between the fast-walking 
cast (1.4±0.3 m/s) and normal-walking no cast 
(1.34±0.1 m/s) conditions was observed, these data 
are compared along with fast self-selected walking 
speed BTA data.  Ankle range of motion (ROM) was 
greatly reduced in the cast condition, from 31.1±3.3 
degrees to 8.4±3.0 degrees. A four-fold decrease in 
ankle power generation occurred at pre-swing in the 
cast condition compared to control (Figure 1a). Trunk 
lateral flexion ROM (Figure 1b), trunk transverse 
rotation ROM (Figure 1c), and peak hip power 
generation during pre-swing (Figure 1d) increased 
compared to control.   

 

 

 

DISCUSSION 

Ankle joint immobilization resulted in a substantial 
decrease in ankle power generation during pre-swing, 
which may have been compensated for by increased 
hip power to achieve limb advancement.  The 
modifications in trunk movement may also act as 
compensatory mechanisms to maintain forward 
ambulation.  The hip and trunk compensations 
observed in the cast condition appear to resemble 
gait patterns of BTAs. 

CONCLUSION 

These results suggest that the absence of active 
ankle motion and power generation contribute to the 
development of compensatory mechanisms observed 
in BTAs’ characteristic gait patterns. 

CLINICAL APPLICATIONS 

Understanding of the compensatory motions resulting 
from reduced active ankle joint contribution help 
inform lower limb prosthetic design for improving 
bilateral amputee gait quality. 
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Figure 1. Ankle power (a), lateral trunk flexion (b), trunk 
rotation (c), and hip power (d) for non-casted (solid line; 
gray band=standard deviation), casted (dotted line), and 
BTA data (dashed line). 
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