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SUMMARY 

This study investigates the effect of custom-made, optimized 

Selective Laser Sintering (SLS) Nylon-12 AFO on the gait of 

three patients with unilateral drop foot symptoms/pathology.  

Three kinematic parameters are considered to evaluate AFO 

function: stride length, ankle range and maximum knee 

angular velocity during loading response.  Results showed that 

stride length and knee angular velocity during loading 

response increase and the ankle range decreases in comparison 

with barefoot walking.  This demonstrates the efficacy of SLS 

Nylon-12 AFO on gait of patients with a unilateral drop foot. 

 

INTRODUCTION 

Drop foot is a neuromuscular disorder that is characterized by 

uncontrolled fall of the foot to the ground at heel strike, 

slapping of the foot after heel strike (foot slap) and dragging 

of the toe during swing (toe drag) (Perry, 1992).  In clinical 

practice, Ankle Foot Orthoses (AFO’s) are commonly used to 

normalize the gait of such patients by controlling the foot 

contact during heel strike and preventing foot drop during 

swing (Richards, 2008).   

 

Traditional manufacturing of patient-specific AFO’s implies 

producing a plaster cast from the lower leg of the patient over 

which a polypropylene sheet is vacuum-formed. Additional 

cutting and finishing operations are required to define the final 

AFO. This is a time-consuming process which highly depends 

on the experience and craftsmanship of the orthopedic 

technician.  Recent studies discussed the option of using 

additive fabrication techniques to manufacture AFO’s 

(Faustini et al., 2008).  With the recent development in 3D-

scanning techniques, this gives an opportunity to develop 

patient-specific, accurate and reproducible AFO’s.  SLS 

technique was applied to manufacture three custom-made 

AFO’s for three patients with unilateral drop foot (Pallari et 

al., 2010).  This study evaluates the effect of custom-made 

SLS Nylon-12 AFO on the gait of three patients with 

unilateral drop foot. 

 

 

METHODS 

Three patients with unilateral drop foot that are able to walk 

independently over at least 100m were selected.  For each 

patient, a personalized AFO was designed based on the scan of 

the impaired lower leg and manufactured using SLS 

techniques (Pallari et al., 2010) 

 

Gait measurements were performed in two conditions: 

barefoot and whilst wearing the custom-made SLS Nylon-12 

AFO.  In both cases, patients were asked to walk at a 

comfortable self-selected speed along a 21.5 m Tartan track.  

The experimental protocol was approved by the ethical comity 

of U.Z. Leuven. 

 

An AMTI force plate (1000 Hz) was used to collect ground 

reaction forces and moments.  Kinematic data were collected 

using the CODA Motion system with 4 CX1 cameras and 

active markers, measuring at 200 Hz.  Active markers are 

attached on both legs following a predefined and validated 

marker setup.  Kinematic data of 8 repeatable measurements 

and which contained the full gait cycle of each leg were 

recorded and analyzed. 

 

Stride length of the affected leg, ankle range during the full 

gait cycle and knee angular velocity during loading response 

were evaluated as temporal spatial and kinematic gait 

parameters indicating the efficacy of the AFO.  Clinical 

studies have proved that AFO improves gait of hemiplegic 

patients by increasing average stride length and decreasing 

ankle range (Leung et al., 2003).  The aim of this study was to 

evaluate these parameters for three customized SLS-AFO’s.  

 

RESULTS AND DISCUSSION 

Figures 1 to 3 give an overview of the stride length, ankle 

range and knee velocity during loading response (mean values 

and standard deviation) for the three patients, when walking 

barefoot and when walking with the customized SLS Nylon-

12 AFO.     

  

Results showed that stride length (Figure 1) increased (21%, 

13% and 10% for each patient respectively) while ankle range 

substantially decreased (26%, 57%, 47% for each patient 



respectively) whilst walking with the SLS Nylon -12 AFO 

compared to walking barefoot.  The decrease in ankle range is 

mainly due to limited plantar flexion during swing phase, this 

provides sufficient toe clearance.  Similar findings were 

reported previously when comparing different AFO’s to 

barefoot gait (Leung et al., 2003). 

 

The knee angular velocity during loading response increased 

(10%, 30%, 11%  for each patient respectively) when walking 

with the SLS Nylon -12 AFO compared to walking barefoot.  

… 

 

On a short term evaluation this demonstrates the efficacy of 

SLS Nylon -12 AFO on gait of patients with a drop foot.  

 

 
Figure 1: Stride length (mm) (mean - standard deviation) for 

the three patients: an increase in stride length is observed 

 

 

Figure 2: Ankle range (°) (mean - standard deviation) for the 

three patients: a decrease of ankle range is observed 

 
Figure 3: Knee angular velocity (°/s) during loading response 

(mean - standard deviation) for the three patients: an increase 

in knee angular velocity is observed 

 

 

 

CONCLUSIONS 

The effect of customized SLS AFO’s on drop foot gait was 

assessed by evaluating the stride length, ankle range and knee 

angular velocity during loading response of three different 

patients.  When walking with the AFO, stride length and knee 

angular velocity during loading response increased, while 

ankle range decreased.  On a short term evaluation this 

demonstrates the efficacy of SLS Nylon -12 AFO on gait of 

patients with a drop foot.  
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