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INTRODUCTION 
While many ankle foot orthosis (AFO) systems have 
demonstrated effectiveness in improving gait for a 
variety of pathologies, details of their motion control 
capabilities are not fully known [Kobayashi, 2011]. A 
potential source of error in quantifying motion control 
of AFOs is due to motion artefact of markers attached 
to the orthosis and footwear instead of subjects’ skin. 
Therefore, basic biomechanical investigations are 
needed to evaluate the potential error in quantifying 
motion control of AFOs at the foot and ankle complex. 
Our goal was to validate motion control of a novel 
AFO in an anatomical rather than orthosis-based 
marker model using bone anchored markers on 
cadaveric limbs and compared these to skin anchored 
markers on the limbs of healthy subjects under the 
same conditions. We predicted there would be similar 
limb segment motion of cadaveric and healthy limbs 
in AFO STOP condition and in AFO FREE condition. 

METHOD 
Participants: The right lower limb of two cadavers 
(shank length 45.2+1.9 cm) and two healthy subjects 
(shank length 47.6+1.2 cm, age 41.5+10.6) used the 
novel AFO in experimental conditions. Prior to 
participation, healthy subjects gave written informed 
consent approved by Georgia Tech Institutional 
Review Board. 
Apparatus: A custom carbon composite AFO was 
bolted to an adjustable loading apparatus. Reflective 
markers (taped to skin of healthy subjects and 
anchored into bone of cadaveric limbs) were located 
at the tibia, fibula and calcaneus. Six motion capture 
cameras (120 Hz, Vicon,) recorded the location of 
reflective markers during the protocol.  
Procedures: Cadaveric and healthy subjects’ limbs 
using AFO in STOP and FREE conditions were 
unloaded to 0 Nm in neutral position and loaded to 
149 Nm to produce ankle plantarflexion (PF) and 
loaded to 29 Nm to produce dorsiflexion (DF) 
moments matched to peak moments achieved in prior 
trials of healthy subject treadmill walking.  
Data Analysis: 3-D coordinates of tibia, fibula and 

calcaneus markers were synchronized, filtered and 
analyzed to render a sagittal plane limb segment 
angle during each trial. The mean change in limb 
segment angle for each condition was analyzed using 
independent samples t-test. 

RESULTS 
Limb segment dorsiflexion angle from unloaded to 
loaded trials in STOP compared to FREE condition of 
healthy and cadaveric limbs was significantly (p<0.05) 
reduced (0.3±0.1° compared to 11.7±0.4° in healthy 
and 1.6 ±0.7° compared to 7.6±1.4° in cadaveric); and 
limb segment plantarflexion was significantly (p<0.05) 

restricted to 3.0±1.0° compared to 14.4±2.4° (healthy) 
and 1.7±0.9° compared to 15.0°±0.7° (cadaveric) 
(Figure1). 

 

 

 

 

DISCUSSION 

We were able to simulate conditions during stance 
phase of gait by statically imposing PF and DF 
moments equivalent to stance phase of gait. Findings 
from this static loading study revealed similar trends 
of motion control by the AFO as in the gait study. 
Based on these findings, the novel AFO consistently 
limited motion in the STOP condition and provided 
less restricted motion in the FREE condition. 
CONCLUSION 

Due to similarity of findings in ankle and limb segment 
motion in gait study and this static loading study, use 
of markers attached to the periphery of an AFO and 
footwear appear suitable for quantifying motion. 

CLINICAL APPLICATIONS 

Overall, the small differences in ankle plantarflexion 
and dorsiflexion motion controlled in the STOP 
condition highlights an important clinically relevant 
finding that an AFO ultimately must engage skeletal 
structures to provide motion control. In addition to the 
general principle of leverage and stiffness in the 
control of motion, the girth and compliance of a 
person’s overlying soft tissues superficial to the 
underlying skeletal structures in the areas of the three 
force system to control plantarflexion and dorsiflexion 
in an AFO will likely also influence the magnitude of 
motion control performance.  
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Figure 1. Mean ipsilateral limb segment angle (mean+standard 
deviation) in AFO FREE (open) and STOP (solid) conditions of 
cadaveric limbs (n=2) and healthy limbs (n=2) in (a) 
dorsiflexion, and (b) plantarflexion.  *significant (p<0.05). 
 




