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SUMMARY 
 
Hemiparetic gait is characterized by an asymmetry of joint 
kinematics: a loss of knee flexion and ankle dorsiflexion in 
swing phase and sometimes genu recurvatum during stance 
phase. Knee-Angle-Foot-Orthoses (KAFO) with free flexion 
are widely used to reduce knee hyperextension. The aim of 
this study was to determine the effect of the KAFO on 
kinematic parameters of the hip, knee and ankle in hemiparetic 
patients with genu recurvatum. The gait of 11 hemiparetic 
patients was recorded with and without a free KAFO at 
preferred walking speed. Spatiotemporal and joint kinematic 
parameters were recorded using a motion capture system. Our 
results show no changes to the kinematics of the hip and 
pelvis. Gait parameters were improved by the KAFO: knee 
hyperextension was decreased  and ankle dorsiflexion was 
increased, however the KAFO did not reduce asymmetry in 
step length.  
 
INTRODUCTION 
Spastic hemiparesis is a frequent symptom of central nervous 
system lesions, causing gait disorders. The kinematic 
characteristics of hemiparetic gait are an asymmetry related to 
a loss of knee flexion and ankle dorsiflexion during swing 
phase and sometimes knee hyperextension (genu recurvatum) 
during stance. Several studies have shown that this 
hyperextension can be related to hyperactivity or contractures 
of the extensor muscles (triceps sural or quadriceps) as well as 
a hyperlaxity of the soft tissues surrounding the joint [1-4]. 
Genu recurvatum can be managed by the wearing of a knee-
ankle-foot orthosis (KAFO). The aim of this orthosis is to 
mechanically reduce knee hyperextension through a stop in 
the metal joint of the KAFO. The orthosis consists of several 
segments which act on the thigh and lower leg. An AFO is 
added so that the metal joint remains in position with respect 
to the knee axis and does not slip along the leg. The aim of 
this study was to quantify the effect of wearing a KAFO on 
kinematic and spatiotemporal parameters of the gait cycle. 
 
METHODS 
11 adult hemiparetic patients with genu recurvatum were 
included. Each patient carried out two gait recording sessions: 
with and without the KAFO. Motion capture was carried out 
using an optoelectronic system (Motion Analysis®) at a 
frequency of 100Hz. Markers were placed according to the 

Helen Hays protocol. The trajectories of each marker were 
filtered with a low pass Buttewoth filter between 4 and 6 Hz. 
Joint kinematics were calculated using OrthoTrack 6.5 
software (Motion Analysis®). The vaiables calculated for the 
analysis were: min and max hip, knee and ankle flexion-
extension on the hemiparetic side during swing and stance as 
well as the spatiotemporal parameters of the gait cycle. A non-
parametric (Wilcoxon) test was used to compare the two 
conditions using Statistica 7.0 software (Statsoft®). 
 
 
RESULTS AND DISCUSSION 
The spatiotemporal parameters of the gait cycle are presented 
in Table 1. There was a significant increase in gait velocity 
with the KAFO. This increase can be explained by the 
improvement in stride length and cadence. Improvements in 
the non paretic side were also found. Several authors have 
shown that hemiparetic patients tend to have an asymmetrical 
step length with a longer step on the paretic side than the non-
paretic side [1]. This is likely due to a lack of weight bearing 
on the paretic limb. However, the improvement in stride 
length did not reduce the asymmetry.  
Joint kinematics are shown in Table 2. There was a reduction 
in knee hyperextension and an improvement in ankle 
dorsiflexion during stance phase. This is because the stop in 
the KAFO joint limits posterior motion of the lower limb in 
relation to the femur (knee hyperextension) and in relation to 
the foot (plantarflexion). During swing phase, foot equinus 
was reduced by the AFO. Since the KAFO consists of a knee 
joint as well as a rigid AFO, this change in ankle kinematics is 
to be expected. 
 
 
CONCLUSIONS 
Wearing a KAFO improves spatiotempral gait parameters. 
However, it does not reduce gait asymmetries. With regard to 
joint kinematics, the KAFO reduces genu recurvatum during 
stance phase and improves ankle kinematics during stance and 
swing phases. We did not find any changes in the kinematics 
of the hip and pelvis. This study raises questions regarding the 
persistence of these changes following a long period of 
wearing the KAFO (6 months to 1 year). 
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Table 1: Spatio-temporel parameters of the gait cycle : without (wo-) and with (w-) the KAFO (*p<.05). 
 
 Velocity 

(cm.s-1) 
Stride length 

(cm) 
Cadence 

(step/min) 
Step length Paretic Side 

(cm) 
Step length Non-Paretic Side 

(cm) 
wo-KAFO 57.1 ± 35.7 77.8 ± 33 79.2 ± 25.4 42.3 ± 16.6 34.9 ± 17.7 

w-KAFO 73.4 ± 34.9* 32 ± 33.9* 89 ± 23.4* 48.1 ± 15.1 40.6 ± 20.1* 

 
Table 2: Kinematics of paretic side: Max and Min of Hip, Knee, Ankle, Flexion(+) Extension(-) in degrees during stance phase 
and swing phases : with (w-) et without (wo-) KAFO (*p<.05). 
 
Joint Angle (deg) Stance Phase 
 Max Min 
 wo-KAFO w-KAFO w-KAFO wo-KAFO 
Hip 27.1 ± 9.8 30.5 ± 9.6 -3 ± 10.4 -2.9 ± 8.4 

Knee 13.2 ± 9.5 14.5 ± 9.3 -16.2 ± 11.8 -7.6 ± 7.4* 

Ankle 1.4 ± 10.5 8.2 ± 5.3* -13.4 ± 9.7 -5.3 ± 5.1* 

 Swing Phase 
 Max Min 
 wo-KAFO w-KAFO wo-KAFO w-KAFO 

Hip 32 ± 9.6 32.8 ± 9.3 7.2 ± 12.1 4 ± 10.4 

Knee 26.9 ± 16.2 28.9 ± 16.8 1.7 ± 6.7 5.5 ± 7.5* 

Ankle -3.6 ± 8.1 2.6 ± 5.2* -13 ± 8.5 -2.4 ± 4.5* 

 
 


