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INTRODUCTION 
Despite their prevalence of use, motion control of 
ankle foot orthoses (AFOs) has been subjectively 
characterized (McCollough, 1970) and lacks rigorous 
evidence based on uniform testing and analysis 
(Kobayashi, 2011). Third party payers have 
demanded more rigorous evidence by healthcare 
professionals to justify use of orthoses as a treatment. 
Therefore, the purpose of this investigation was to 
clarify a general principle of orthoses that maximizing 
leverage and stiffness will produce maximum motion 
control. To test this principle, we quantified motion 
control of a novel AFO maximizing stiffness and 
leverage and predicted that the AFO in ankle STOP 
condition will decrease ankle motion compared to 
AFO in ankle FREE and CONTROL (no AFO) 
conditions during walking. 

METHOD 
Subjects: Fourteen healthy subjects (8 females, 6 

males, age 21.04 ± 0.89 yrs, height 171.19 ± 4.11 m, 
mass 65.74± 4.72 kg) gave written informed consent 
to participate in a protocol approved by the Georgia 
Tech Institutional Review Board.  
Apparatus: 3-D gait lab using six high speed cameras 
(Vicon, 120 Hz), 16 reflective markers taped to the 
lower limbs of subjects and a custom dual belt 
treadmill with imbedded force plates (AMTI, 1080 Hz) 
were used to collect joint motion, ground reaction 
forces and joint moments respectively during walking. 
Procedures: Subjects walked at preferred speed 
(1.34±0.09 m·s

-1
) using an ankle foot orthosis-

footwear combination (AFO-FC) in three walking 
conditions: CONTROL condition (bilateral footwear 
combination, no AFO), FREE condition (use of 
contralateral footwear with ipsilateral AFO-FC in a no 
constraint condition) and STOP condition (use of 
contralateral footwear with ipsilateral AFO-FC in a 
maximal constraint) (Figure 1). 
Data Analysis: All motion and force data in the sagittal 
plane were synchronized, filtered and time normalized 
to 100% of the gait cycle. Mean ankle joint angle and 
moments in each condition were analyzed using 95% 
confidence interval and repeated measures ANOVA 
with Bonferonni post-hoc comparison. 

RESULTS 
Subjects exhibited decreased ipsilateral ankle range 
of motion to within 3.7±2.1° in STOP condition 
compared to 27.7±4.2° in CONTROL condition 
without the AFO (p=0.000) and 24.2±3.6° in FREE 
condition (p=0.091) and no difference in ankle 
moments (p>0.05). Ankle motion and moments were 
no different between the three conditions on the 
contralateral leg (p>0.05). Cadence was similar in 
CONTROL, STOP and FREE conditions (p>0.05).       

      
 
 
 

 
 
 
 
 
 

 

DISCUSSION 
AFO-FC in STOP limited motion during stance phase 
when the ankle experiences the greatest joint 
moments and is typically where one might see lack of 
motion control. An explanation for the consistency in 
limited ankle motion despite considerable ankle 
torque is related to the mechanism of AFO motion 
control that engages a three force system. 
CONCLUSION 

These findings support a general principle for 
maximizing leverage and stiffness in the design of 
AFOs to produce effective control of ankle motion. 

CLINICAL APPLICATIONS 

Maximizing leverage and stiffness and including a 
three force system in the design of AFOs relate to its 
effectiveness in the control of ankle motion. 
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Figure 2. (a) Ipsilateral ankle angle (°) and (b) ipsilateral 
ankle moment (Nm). Data normalized to gait cycle (%) in 
CONTROL, FREE and STOP conditions during minute 4. 
95% confidence interval of CONTROL (shaded), mean of 
FREE (dotted line) and mean of STOP (solid line) for all 14 
subjects. Toe off in CONTROL (vertical dotted line).   
 

Figure 1. Ipsilateral ankle motion conditions. (a) No AFO 
(CONTROL) with footwear, (b) AFO FREE with footwear, 
(c) AFO STOP with footwear 
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