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INTRODUCTION 

Ankle foot orthosis footwear combinations (AFO-FCs) 
may be prescribed to individuals after stroke to address 
gait problems such as ankle plantar flexor contracture, 
excessive stance phase knee flexion, or inadequate 
knee flexion in swing (Jagadamma et al. 2010; Carse et 
al. 2014). Solid AFO-FCs have recently been 
demonstrated to improve walking speed and kinematics 
using a tuning method, which uses heel wedges to set a 
shank-to-vertical-angle (SVA) and adjust the position of 
the ground reaction force with respect to the hip and 
knee joints (Owen, 2010). One mechanism by which this 
tuning method is thought to improve walking kinematics 
is by reducing the operating length during walking of 
tight muscles such as the gastrocnemius. Contracture 
and spasticity are common after stroke and altering the 
operating length of the gastrocnemius may improve 
knee kinematics. The purpose of this study was to 
evaluate how gastrocnemius operating length changed 
after tuning AFO-FCs in an individual with hemiplegia 
following stroke.  

METHOD 
Subjects: Motion analysis was performed over three 

visits for a male subject with hemiplegia following stroke 
(46 years old, 190cm height, 88.5kg mass).  

Apparatus: An eight-camera motion capture system and 
6 force plates were uses to acquire motion analysis 
data.  

Procedures: At the first visit, the subject walked with his 
prescribed posterior leaf spring (PLS) AFO and was fit 
with a custom solid AFO-FC with an initial tuned SVA of 
15˚ incline. After five months he returned for a second 
gait analysis with the AFO-FC and the AFO-FC was 
retuned to an SVA of 12˚ incline. He returned one month 
later for the final motion analysis. 

Data Analysis: Using the motion analysis data, a 
musculoskeletal model of the lower-extremities (Delp et 
al., 1990) was scaled to the subject using OpenSim. For 
each test condition, the subject’s joint angles and 
moments were determined using inverse kinematics and 
inverse dynamics, respectively. The gastrocnemius 
operating length was evaluated as the distance of a 
muscle’s path from origin to insertion from the inverse 
kinematics during the gait cycle. The test data were 
compared to a group of speed-matched unimpaired 
subjects. 

RESULTS 

The AFO-FCs (see the dashed and solid black curves, 
Figure 1) had shorter gastrocnemius operating length 
than the maximum gastrocnemius length measured 
during passive ankle dorsiflexion in the clinical exam 
(horizontal dotted lines, Figure 1c). The AFO-FCs 
improved knee flexion in swing and support time in 
stance (circles and vertical lines, Figure 1) compared to 

walking without an AFO and PLS AFO. However, the 
AFO-FCs had a greater knee flexion angle in stance. 
The original PLS AFO had minimal effects on 
kinematics and gastrocnemius length compared to 
walking with shoes alone. 

 

 

 

 
 
 
 
 
DISCUSSION 

Overall, the AFO-FC improved walking function for this 
individual. Although the AFO-FC reduced 
gastrocnemius operating length, knee extension in 
stance did not improve due to the inclination of the 
shank with the SVA and a reduced ankle plantar flexion 
moment.   

CONCLUSION 

Tuning AFO-FC improves joint kinematics and kinetics 
as well as controls gastrocnemius length.  

CLINICAL APPLICATIONS 

Musculoskeletal modeling can be used to evaluate 
muscle specific responses to AFO design and assist in 
prescribing and tuning AFOs in the future. 
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Figure 1. Sagittal plane kinematics of the knee (A) and 
(B) ankle during the gait cycle. The medial 
gastrocnemius operating length was normalized to the 
length of the muscle in anatomic position (C). Sagittal 
plane ankle moment was normalized to mass (D). The 
shaded area represents the mean ± 1 standard deviation 
from speed-matched unimpaired subjects. 


