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Introduction
The goal of an orthotic treatment after a stroke is the best possible approach 
towards a physiological gait. Dynamic ankle-foot orthoses (AFOs) with 
adjustable ankle joint can improve the foot lifting in swing phase and the 
knee position in stance phase for patients with neurological indications [1]. 
In order to achieve this goal, it is important to know the pathological gait 
of the apoplexy patient. For this purpose, the N.A.P.® Gait Classification was 
created, which divides patients into four gait types based on the lateral knee 
and frontal foot position during mid stance (fig. 1). The following study shall 
examine a group of patients with hyperextended and a group of patients 
with hyperflexed knee regarding their spatio-temporal gait parameters. 
Furthermore, the effect of an AFO adjusted to the respective gait type on 
these parameters and the kinematic characteristics shall be determined.

Patients and methods
Classification of 10 apoplexy patients (5 f, 5 m; age 56.6 ± 19.2 years; 
weight 81.6 ± 16.6kg; height 176.7 ± 6.4cm) into a group of the hyperex-
tended gait type (n=5) and a group of the hyperflexed gait type (n=5) as 
well as examinations based on video-supported gait analysis. Production of 
a dynamic AFO with adjustable ankle joint for every patient and adjustment 
to the pathological gait. Respectively 3 gait cycles with and without AFO. 
Examination of the differences of the spatio-temporal gait parameters of 
both gait types. Comparison of the spatio-temporal gait parameters and 
the lateral joint kinematics (hip, knee, ankle) with and without AFO. For this 
purpose, the Wilcoxon signed-rank test was used.

Results
Stride length, speed, and cadence are higher in the hyperflexed than in the 
hyperextented gait type, whereas the gait cycle period is shorter (tab. 1). 
The Wilcoxon signed-rank test does not show any significant differences 
between the two gait types. The knee angle in stance phase with an AFO is 
12° higher in the hyperextended and 8° lower in the hyperflexed gait type 
than in the gait cycle without AFO. In swing phase, both gait types show 
a higher dorsiflexion of the ankle with AFO (hyperextended gait type +10°, 
hyerflexed gait type +5°) than without AFO. Similar results apply to the first 
rocker from initial contact to loading response. Stride length, speed, and ca-
dence with AFO are higher in both gait types than without AFO (tab. 1). The 
Wilcoxon signed-rank test gives proof of these differences with a signifi-
cance of p<0.05, except for the cadence in the hyperflexed gait type (fig. 2).
 
Conclusion
The differences in quality of the hyperextended and hyperflexed gait type 
could not be proven. The kinematics of the knee joint and ankle joint, especi-
ally the knee position in stance phase, are significantly improved with an AFO 
in both gait types. Furthermore, stride length, walking speed, and cadence of 
the apoplexy patients improve. With the use of an adjustable AFO, there is 
an approach towards the physiological gait. During the process, the N.A.P.® 
Gait Classification is a good means to standardise and optimise orthotic  
treatment. In order to prove both gait types, more subjects are required.

Fig. 1: N.A.P.® Gait Classification

Tab. 1: Spatio-temporal gait parameters of apoplexy patients (n=10)
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Fig. 2: Differences between the measurements with AFO and without AFO
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