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Stroke 
- Third leading cause of death17 
- Affects many aspect of life17 
- Patients have an altered gait pattern related to a number of factors1,6,17: 

- Muscle weakness   - Altered coordination 
- Alteration in tone   - Altered motor programming 
- Abnormal synergy patterns - Disturbances in balance 
- Abnormal reflexes 
 

Walking, ambulation or locomotion 
- One of the most common and important activity that we do during the day11 
- Individual need to move safe and efficient from one place to another11 
- For healthy individuals an effortless task11 
- For stroke patients, a safe and adequate gait pattern is a challenge! 
 
Why this research? 
- Stroke patients have difficulties with gait and balance 
- In the Rehabilitation Department of ZOL (Ziekenhuis Oost-Limburg) in Lanaken, very 

early in the rehabilitation process, an ankle-foot orthosis (AFO) is prescribed if needed to 
assist in dorsi-flexion. During the weekly ankle-foot orthosis consultations, the orthoses 
of both in- and out- patients are adjusted according the individual needs, to promote an 
adequate and effective gait pattern with and without an assistive device. 

-  Aim of the health care professionals in Rehabilitation Department of ZOL in Lanaken:  
-To evaluate the gait pattern more objectively (with and without individualized   
  orthoses) 

Participants 
- Fifteen patients were included for this study 
 
 

 
 
 
 
 
 
 
 
 
Apparatus 
- For this study, two different types of AFO’s were used: 
- Maramed:       Y-tech: 
- Prefabricated AFO      - Individualized AFO (V!GO) 
- Available in three different sizes     - Material: carbon + polypropylene 
- Material: polypropylene       - Additional strap to fixate 
- Positioned in a neutral              the foot in the AFO 
  dorsi-flexed position  
 
 

 
Research design 
- Each patient was tested on three days within three weeks 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-              Figure 1: Study design    Figure 2: GAITRite® 
 
 

 
 
 

 
 
 
 

Inclusion criteria Exclusion criteria 

• Diagnosis of hemi-paresis caused by a Cerebro- 
Vascular Accident 

• Chronic phase (> three months post-stroke  
onset) 

• Patients can walk safely with and without an AFO 
• Patients can understand simple instructions 
• Familiar with wearing an AFO (Y-tech) since at  

least one month 

• Bilateral assistive devices   
needed for walking 

• History of orthopedic problems  
(related to lower extremities) 
that would interfere with gait 
performance. 

Note: 
Based on the Timed Up and Go test (TUG) (descriptive outcome measure), the same 
patients were divided into two groups. When patients completed the test in less than 20 
seconds, they were placed in the “without assistive device group” (without AD-group), and 
in the “with assistive device group” (AD-group) when they completed the test in more than 
20 seconds. 
Significant results were only found in the total group and in the AD-group ! 
 
Patient characteristics  
- Groups were comparable based on the patient characteristics. Although the without AD- 

group showed better results in all the descriptive tests compared to the AD-group. 
 
Spatio-temporal gait parameters 
- The group-, condition-, and interaction effects were used to interpreter the results.  
- In table 1, significant results in favor of the AFO are colored yellow.  
- The group effect was significant in all the spatio-temporal parameters and functional  
  balance tests, which means that the subgroups (AD-group and without AD-group) are 
  significantly different from each other based on the gait parameters and functional   
  balance tests. 
- If the condition effect is significant, it demonstrates that there is a significant difference   
  between the three conditions in the total group. 
- The interaction effect reveals that the two subgroups behave different from each other  

  within each condition. 
 
 
Table 1: Results of the GAITRite® measurement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
-¥, significant difference between the two groups; *, sign effect of a Y-tech compared to no AFO; $, sign 
effect of a Maramed compared to no AFO; £, sigificant results with ANOVA but after post-hoc tests no 
significant results between the conditions was found; #, borderline signficant (p<0,07); Φ, trend toward 
significance (p<0,09) 
 
 

Functional balance 
-  Only for the TUG, significant results in favor of the AFO (Maramed and Y-tech) were  

found compared to no AFO.  
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Day 1 -Familiarization with the Maramed AFO and standardized sport shoes 
-Collection of descriptive outcome measures 
-Demonstration and practice of each experimental test 

Day 2 -Patients were tested in three different randomized conditions 
-Condition 1 (without AFO) 
-Condition 2 (Maramed) 
-Condition 3 (Y-tech) 

-GAITRite® measurement: 
-An instrumented walkway embedded with sensors which are activated 
when the patient walks across the carpet 

-Used to detect spatio-temporal parameters 
-Patients walked across the carpet at both usual and fastest speed 

-Three functional balance tests 
-Timed Up and Go test (TUG) 
-Step Test (ST) 
-Four Square Step Test (FSST) 

Day 3 -Patients were again tested on the GAITRite® and walked the Six-Minute- 
Walk Test (6MWT), within the three different conditions. 

Spatio-temporal parameters Walking speed Assistive device 
p-values 

Group Conditions Interaction   C1-C2 C1-C3 C2-C3 

Velocity (m/sec) Usual 
With AD 

p<0,01 ¥ ns ns 
ns ns ns 

Without AD ns ns ns 

  
Fast 

With AD p<0,01 ¥ p<0,01 * p=0,083 Φ   p=0,072 Φ p<0,01 ns 

  Without AD   ns ns ns 

Cadence (steps/min) Usual 
With AD 

p<0,01 ¥ ns ns 
  ns ns ns 

Without AD ns ns ns 

  
Fast 

With AD 
p<0,01 ¥ p<0,01 * ns 

  p=0,089 Φ p<0,01 ns 

  Without AD   ns ns ns 

Double support time affected side (%GC) Usual 
With AD 

p<0,01 ¥ p<0,05 * p<0,05 
  p<0,05 p<0,01 ns 

Without AD ns ns ns 

  
Fast 

With AD 
p<0,01 ¥ ns ns 

  ns ns ns 

  Without AD   ns ns ns 

Double support time unaffected side (%GC) Usual 
With AD 

p<0,01 ¥ p<0,05 £ p<0,05 
  p<0,05 p<0,05 ns 

Without AD ns ns ns 

  
Fast 

With AD 
p<0,01 ¥ p=0,063 #  ns 

  ns p<0,05 ns 

  Without AD   ns ns ns 

Single support time affected side (%GC) Usual 
With AD 

p<0,01 ¥ p<0,01 *$ p<0,05 
  p<0,01 p<0,01 ns 

Without AD   ns ns ns 

  
Fast 

With AD 
p<0,01 ¥ ns p<0,05 

  ns p<0,05 ns 

  Without AD   ns ns ns 

Single support time unaffected side (%GC) Usual 
With AD 

p<0,01 ¥ ns ns 
  ns ns ns 

Without AD   ns ns ns 

  
Fast 

With AD 
p<0,05 ¥ ns ns 

  ns ns ns 

  Without AD   ns ns ns 

Step length affected side (cm) Usual 
With AD 

p<0,01 ¥ ns ns 
  ns ns ns 

Without AD ns ns ns 

  
Fast 

With AD 
p<0,01 ¥ ns ns 

  ns ns ns 

  Without AD   ns ns ns 

Step length unaffected side (cm) Usual 
With AD 

p<0,01 ¥ p<0,05 * ns 
  ns p<0,05 ns 

Without AD ns ns ns 

  
Fast 

With AD 
p<0,01 ¥ p<0,05 * p<0,05 

  p<0,05 p<0,01 ns 

  Without AD   ns ns ns 
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When stroke patients wear an AFO and walk at self-selected speed, previous studies have 
reported significant increases in walking speed1,3,5-7,9,10,13,14,18-20, cadence1,6,13,14,18, step 
length1,6,9,14,19,20, step length symmetry6, stride length1,2,10,13,18,19, single support time6,12,14 
and a decrease in double support time6. The current study confirmed these results only for 
step length unaffected side, single support time affected side, and double support time 
affected side when wearing a Y-tech. With the Maramed, effects were smaller as there was 
only a significant result for single support time affected side. 
No other studies were found, in which non-clinical tests were used to investigated spatio-
temporal parameters when wearing an AFO at fastest speed. When wearing a Y-tech, 
present study also showed significant results concerning some of the spatio-temporal 
parameters when walking at fastest speed. In the total group there was a significant 
increase in velocity, cadence and step length unaffected side. There was also a borderline 
significance (p=0.063) result for double support time unaffected side. 
Only significant results were found for the TUG, and results were comparable with previous 
studies3,4,8,15,16. No significant results were found for the FSST and ST, this could indicate 
that these tests are not sensitive and reliable enough. 

In the total group and in the AD-group, significant effects of an AFO (Maramed and Y-tech) 
were seen when measuring the spatio-temporal parameters (in usual and fast speed) and 
the functional balance (only TUG). Overall, the Y-tech showed more and better results than 
the Maramed, but no significant differences were found between the Maramed and Y-tech. 
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