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the article describes the options for 
checking functional properties and 

fatigue strength of ankle-foot  
orthoses. the test procedures 

developed allow a standardised, 
precise characterisation of ankle-

foot orthoses and in the future may 
form a basis for the exact clinical 

classification of orthoses. 
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Ottobock HealthCare has developed 
a test apparatus (Fig. 1) that allows a 
standardised and precise assessment 
of the functional parameters of the 
orthosis (ankle stiffness, forefoot stiff-
ness, heel stiffness). To a large extent, 
the measuring principle corresponds 
to the clinically validated BRUCE test 
bench [5]. However, load and defor-
mation of the orthosis are measured 
using a universal material test machi-
ne (Zwick).

The test apparatus allows relative 
motion around joints defined accor-
ding to the anatomical situation and 
can be adjusted to different AFO si-
zes. The orthosis is secured to the test 
apparatus without being damaged by 
means of a clamping mechanism and 
a lower leg dummy that can be linear-
ly aligned. The material test machine 
places defined loads on the orthosis 
in pre-determined directions of mo-
tion (plantar flexion/dorsal extension 
of the ankle joint, flexion/extension 
of the forefoot and heel area) during 

introduction
Ankle-foot orthoses (AFOs) are used 
in clinical practice for a number of in-
dications. The orthoses take on diffe-
rent biomechanical functions, from 
limiting plantar flexion in patients 
with foot drop following a stroke to 
stabilising the mid-stance phase to 
improving the so-called crouch gait 
in infantile cerebral palsy. Though or-
thoses can be roughly distinguished 
by design and type of material used, it 
is generally not possible to optimally 
match an orthosis to a certain patient 
on this basis.

That is why it is necessary to first 
have a standardised classification of 
orthoses according to their functional 
characteristics. Several experimental 
test models [1, 2, 3] of varying com-
plexity and validity have been descri-
bed in literature. Test benches with 
anatomically defined ankle joints [4, 
5] can currently be viewed as state-of-
the-art technology.

However, it is not sufficient to as-
sess the characteristics of an unused 
orthosis only. In order to be clinically 
effective, the orthosis should also 
show these characteristics at the end 
of its period of use. The applicable in-
ternational standard EN  ISO 22523 
requires the manufacturer to define 
and document required strength pa-
rameters and the attendant test me-
thods. There are, however, no speci-
fications laid down regarding the test 
load or length of the test method. A 
few experimental AFO test benches 
for fatigue strength have been descri-
bed in literature. These range from 
simple systems which carry out dor-
sal extension movement, e.g. with the 
use of a crank mechanism [6] or cen-
trifugal force [7], to highly complex 
robotic systems that are difficult to 
reproduce.

Fig. 1 Mechanism for measuring AFO  
characteristics
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(corresponding to a maximum force 
of -7.3° and 13.5°). However, the test 
conditions selected can be varied as 
required depending on the characte-
ristics of the patient collective to be 
replicated (size, weight, muscle status 
etc.). In addition, higher loads can in-
tentionally be selected to simulate a 
worst-case scenario.

The ankle-foot orthosis is attached 
to the lower leg model for the test and 
mounted to a test bench that con-
forms to EN ISO 22675 (Fig. 4). The 
orthosis is normally tested using firm 
mid-height footwear.

example of application 
of the test method

The test methods that were developed 
were used to compare the newly deve-
loped WalkOn Reaction ankle-foot or-
thosis with a „gold standard“ dynamic 
carbon ankle-foot orthosis that is fre-
quently used clinically.

For each of the orthoses, a fatigue 
strength test as per the standard test 
method described above was conduc-
ted for 2 million load cycles, which 
corresponds roughly to 2 years usage 
as studies of the mobility of patients 
with drop foot [9] have shown. The 
functional parameters were measured 
before the start and during the fatigue 
strength test (at 400,000, 800,000, 
1,600,000 and 2,000,000 load cycles). 
Three exemplars of each orthosis were 
tested and the results showed that the-
re were very few deviations between 
the individual exemplars tested.

The results of the tests showed that 
the WalkOn Reaction ankle-foot or-

– to replicate the soft tissue and skin 
friction characteristics for realistic 
migration behaviour.

The modular lower leg model can 
be seen in Fig. 2. It consists of soft tis-
sue and skin replication in the proxi-
mal and distal lower leg region and a 
modified prosthetic foot connected 
over a joint. The prosthetic foot was 
modified to enable a natural rollover 
over the forefoot with dorsal extensi-
on in the metatarsophalangeal joint. 
The prosthetic ankle was also modi-
fied to enable a physiological range of 
motion.

The amount of loading during wal-
king in a lower limb orthosis is not 
known. A literature search did not 
yield any relevant publications. How-
ever, this knowledge is essential for 
adjusting the test method and for its 
final validation. To provide the mis-
sing information, an instrumented 
orthosis with integrated laminated fa-
bric strain sensors was developed for 
measuring bending strain at various 
locations (forefoot, heel etc.) in sub-
ject and patient tests (Fig. 3). 

A final determination of test con-
ditions was made on the basis of the 
data generated. Test conditions (ang-
le and position of the foot platform, 
point of force transmission, etc.) were 
adjusted until they sufficiently con-
formed to the results of patient exa-
minations.

A load of 800 N corresponding to 
EN ISO 22675 was retained for the 
standard test procedure. The maxi-
mum tilting angle of the foot plat-
form, however, in deviation from 
EN  ISO 22675, was set at -10° and 25° 

the measuring process. The resulting 
moment of resistance of the orthosis 
and accompanying angle of rotation 
are continuously registered. Functio-
nal orthosis parameters are calculated 
on the basis of these values after com-
pensating for friction loss. 

The investigations conducted to 
characterise the test method showed 
very good replicability (CV < 2% for 
ankle stiffness, CV < 5% for forefoot/
heel stiffness).

testing fatigue strength
Analogy observation lends itself to 
the evaluation of fatigue strength of 
ankle-foot orthoses. The internatio-
nal standard EN ISO 22675 defines a 
dynamic test method for ankle-foot 
components for exoprostheses of the 
lower limbs. A test bench complying 
with this standard generates a compo-
site load, such as the load when wal-
king, by synchronising the vertical 
force component with the angle of a 
tilt platform and is thus well suited for 
use in AFO testing. However, it is also 
necessary to develop a lower leg mo-
del that takes into account the rele-
vant interplay between the limb and 
the orthosis. Among other things, it 
is necessary

– to replicate the anatomically cor-
rect position of the ankle to avoid 
reactive forces between the orthosis 
and the model of the leg,

– to configure dimensions suited to 
anthropometric data,

– to integrate a metatarsophalangeal 
joint to enable physiological rollo-
ver,

Fig. 2 Modular lower leg model. Fig. 4 AFO in ISO 22675 test bench.Fig. 3 Instrumented orthosis for measu-
ring loads.
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Summary
The test methods introduced here al-
low for a standardised, precise cha-
racterisation of ankle-foot orthoses 
and in the future may form a basis for 
the exact clinical classification of or-
thoses for optimal patient care. The 
newly developed ankle-foot orthosis, 
WalkOn Reaction, showed very posi-
tive fatigue strength properties in the 
tests that were carried out.
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thosis had a loss of stiffness in the 
ankle of ca. 13% following the first 
400,000 load cycles. At the end of the 
simulated useful life (2 million load 
cycles), a loss of stiffness of 20% of the 
initial value was noted. In compari-
son, the „gold standard“ orthosis lost 
ca. 35% of its stiffness after the first 
400,000 load cycles and ca. 40% after 
800,000 load cycles. Further testing of 
the „gold standard“ orthosis was no 
longer relevant because „false joints“ 
or cracks had formed due to delamina-
tion (Fig. 5) at the junction between 
the upright and the sole. This greatly 
reduced the functional capability of 
the AFO though there was no danger 
of injury to the patient.

The experimental testing showed 
that the test method that has been 
developed is able to accurately diffe-
rentiate between the different ortho-
sis models.
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Fig. 5 Delamination damage.
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