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INTRODUCTION
Cerebral palsy (CP) is defined as a group of
permanent disorders of the development of
movement and posture, causing activity
limitation1. It is the most common motor
disorder in childhood2. It increases the energy
cost of walking3,4 and puts strain on the lower
limb musculoskeletal system, leading to
secondary pathology. The Ankle-Foot
Orthosis (AFO), was designed to prevent
deformities, improve postural stability, and
most importantly improve the efficiency of
gait5. There is however very limited evidence
assessing the effect of the AFO on gait in CP,
with evidence thus far derived from relatively
small samples and individual case reports.

The effect of the AFO on vertical forces
generated in gait have not been previously
reported. These forces are crucial in efficient
gait and help prevent subsequent crouch gait
in CP. The normal pattern of vertical force
generation is shown in Figure 1 where both
peaks are greater than bodyweight.

AIMS AND OBJECTIVES
To determine whether AFOs improved the
vertical forces, particularly the second peak in
force (FZ2).

METHODS AND MATERIALS
A retrospective analysis of 19 children (7
males, 11 females) who underwent 3D gait
analysis. Inclusion criteria were a diagnosis of
diplegic CP, able to walk independently both
barefoot and with bilateral rigid AFOs.
Assessment of barefoot and AFO gait was
carried out in the same session. Gait data
were acquired with the Vicon Nexus®

motion-capture system and two Kistler ® force
platforms, at the Institute for Motion Analysis
and Research (IMAR). Vicon Polygon® and
custom designed software (FZ Extractor) were
used to assess resulting ground reaction force
data. Average maximal force amplitudes of
FZ1 and FZ2 were recorded from 3 trials for
each leg in each patient.

RESULTS
Figure 2 shows an example of the improvement in 
FZ2 whilst wearing an AFO.

Table 1. Results on a case by case basis.

*anomalous result

68.4% experienced an objective increase in FZ2
for the left leg with application of the AFO and
63.2% experienced an objective increase in
amplitude of FZ2 for the right leg. The mean
increase in FZ2 was 5.33N for the left, and 8.53N
for the right (Table 1).

In one case (shown red in Table 1) the excessive
force was reduced to a more normal level.

DISCUSSION and CONCLUSION
The results suggest the rigid polypropylene
AFO provides a premise to enable patients to
produce an increased amplitude of ground
reaction force FZ2, essential for preventing
crouch gait and collapse in late stance phase.
Thus, the AFO has potential in providing a
much more efficient gait. Although not found
to be statistically significant in this preliminary
study, there does appear to be improvements
in peak amplitude produced.

More importantly, as can be seen from figures
2a and b, the characteristic shape of the
vertical ground reaction force, is greatly
improved. The phenomenon of decreased FZ2
infers an inability to adequately control the
downward velocity of the CoM during this
phase, which may be described as
‘deceleration deficiency’6.

Coined in previous studies as ‘Ben
Lomonding’6 (Figure 3) after the similarly
shaped mountain, this high first peak and
greatly attenuated second peak shape is
improved with the AFO, providing a much
more physiological FZ pattern. This suggests a
much more functional and thus efficient gait
pattern, with less risk of collapse into crouch
gait.
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Figure 2. FZ barefoot (a) and AFO (b) illustrating how the AFO 
produced a more normalised FZ2 pattern

Figure 1. Normal vertical force pattern with two peaks 
greater than body weight
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Figure 3. Ben Lomond
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