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Introduction

Falls are a major health concern for the rapidly growing

elderly population. Estimates of the proportion of elderly

that fall each year have ranged from 22.1% to almost 40%

(Hausdorff et al. 2001, Shumway-Cook et al. 2009).

There is a large volume of studies that have shown the

benefits of ankle foot orthoses (AFO’s) for individuals

that have suffered a stroke or non-progressive brain

lesions (Tyson and Kent 2009). AFO’s have also been

shown to reduce a number of fall risk factors through

improving gait and balance in these populations, however

research involving a less restrictive sample of the elderly

population is lacking.

Purpose of the study

The aim of this study was to determine whether a custom-

ised AFO could reduce fall risk in ambulatory elderly

individuals.

Methods

Subjects aged 65 years or older who were able to walk

unassisted for 20 metres were recruited. Individuals with

hemiplegia or excessive lymphedema were excluded from

the study. During the initial visit subject demographics

and shoe size were collected and castings for the custom-

ised AFO were performed. The AFO used in the current

project were with open dorsal ankle design with custom-

ised footplate and arch support as shown in Figure 1.

At the second visit, balance assessments were per-

formed using a system of body worn sensors

(BalanSensTM, Biosensics LLC). The method of estima-

tion and validation has been described in detail in Najafi

et al. (2010a, 2010b). Balance was assessed during eyes-

open and eyes-closed under three footwear conditions:

barefoot, with standardised shoes, and with standardised

shoes and bilateral AFO.

In addition to balance test, a functional reach (FR) task

(Duncan et al. 1990) and timed up and go (TUG) test

were performed by the subjects while wearing the

standardised shoes with and without AFO’s. A fall effi-

cacy scale (FES-I) questionnaire was also administered to

assess the concern level of fear of falling.

Results

Fifteen subjects (3 male, 12 female) were recruited whose

average age was 73(8.0) years. Body mass index (BMI)

ranged from 22 to 37.2. FES-I scores averaged at 30.6

(7.87) demonstrating the participants to be ranging from

low fear of falling to moderate concern for falls. During

eyes open balance assessments, use of AFO with shoes

reduced the COM sway significantly (p < 0.05, Figure 2)

by 68% and 75% when compared to shoes and barefoot

respectively. Similar significant drops of 53% and 61%

were observed when compared to shoes and barefoot
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Figure 1. AFO with customised arch support, footplate and
adjustable straps.
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during the eyes closed Romberg’s test with customised

AFO’s.

No significant differences of functional reach distance

were observed between the barefoot, shoes and shoes with

AFO’s conditions. However, an 18% significant drop of

reciprocal compensatory index (Najafi et al. 2010a) values

in the media-lateral direction was observed while using

AFO’s when compared to both barefoot and standard shoes

conditions. This indicates that although the AFO’s provide

good postural stability, they did not restrict the reach

distance. No significant differences were observed in the

time required to complete the TUG test suggesting AFO’s

do not influence the time taken for normal activities. TUG

results were 14.6(4.1) sec with standard shoes and 15.3

(4.7) sec with AFO’s in standard shoes suggesting mobility

is not hindered with the use of AFO’s.

Discussion and conclusion

The results of this study indicate the use of an AFO pro-

vides an immediate reduction of fall risk in the elderly,

without encumbering functional reach or gait. Additional

studies are required to determine if the reduced fall risk

actually translates into fewer falls.
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Introduction

Recent advances in scanning technologies allow us to

obtain the high-resolution 3D surface model of dynamic

feet (Kimura et al. 2009, Schmeltzpfenning et al. 2009).

The scan data, however, are merely a set of 3D coordi-

nates, and do not deliver any anatomical information.

Recovering anthropometric data from the scan data is

essential to utilise the 4D scanning technologies in such

fields as biomechanical analysis, anthropological research,

and industrial product design. In this research, we have

developed a system for homologous modelling of a human

foot in motion. A template mesh model is registered to

each of the scan data, yielding the homologous model that

best approximates the object shape. While various techni-

ques of homologous modelling have been proposed mainly

for static shapes, our algorithm has achieved considerable

robustness to large deformation by taking advantage of the

temporal smoothness of the scan data.

Methods

The modelling process consists of two steps. In the first

step, a template foot model is constructed for each subject.

The model is regular, and has known mesh topology,

sparse skeletal structure, and anatomical landmarks. A

generic foot model is registered to the scan data in a neu-

tral standing posture using landmark positions extracted

manually by experienced anthropologists as hard con-

straints. In the second step, the template model is regis-

tered to the scan data by non-rigid deformation without

predefined correspondence. To accomplish the above-

mentioned steps, we developed an algorithm of non-rigid

mesh registration. The non-rigid deformation is approxi-

mated by the combination of local rigid deformation

(Sorkine and Alexa 2007). The correspondence between

the template model and the scan data is determined by

local proximity heuristics and iterative refinement (Li

et al. 2008). In order to accomplish robust registration
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Figure 2. Centre of mass sway was significantly improved after
wearing customised AFO.
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