
Neuroorthopaedics

With conventional KAFOs, the  
knee is locked during the stance 
phase. This makes it impossible  

to climb and descend ramps and  
stairs step-over-step. Ottobock has  

now introduced an innovative  
SSCO® system (Stance and Swing 

Phase Control Orthosis) that  
enables the patient to bend the 

knee under load as well. A micro-
processor-controlled hydraulic sys-

tem controls the joint in the stance 
as well as in the swing phase.  

People with signs of paralysis in 
the lower limbs often depend on 
a Knee-Ankle-Foot Orthosis 

(KAFO). Systems currently in use sta-
bilise the user‘s affected leg with a con-
ventional knee lock, allowing it to 
support weight. Due to the lack of 
functional shortening, walking with a 
locked orthosis is difficult. Some sys-
tems allow the knee joint to be bent  
in the swing phase. While such a 
Stance Control Orthosis (SCO) offers a 
gain in functionality, these SCOs, due 
to the nature of the system, have to be 
mechanically locked by means of suf-
ficient knee extension before the be-
ginning of the stance phase, and they 
are unable to respond to changing 
loads when the swing phase is termi-
nated. 

Something both systems have in 
common is that the knee is locked 
under load, and can only be moved or 
bent when unloaded. For the user this 
means that knee flexion under load is 
not possible--with the further result 
that walking naturally on ramps and 
descending stairs step-over-step is not 
possible.

Mechatronics eliminate 
former restrictions

With the C-Brace®, Ottobock is pre-
senting the first orthosis system that 
allows the flexion resistance of the 
knee joint to be regulated, almost con-
tinuously, by mechatronics. This me-
ans the former limitations due to locks 
in the knee joint are a thing of the past. 
The C-Brace® is presently the only or-
thosis system with microprocessor-
controlled hydraulics that control the 
leg both in the stance and in the swing 
phase – hence the name Stance and 
Swing Control Orthosis (SSCO®). This 
provides tremendous relief for the user 

in everyday life. The mechatronics of 
the SSCO® make new movement pat-
terns possible for the user, for examp-
le while walking on slopes or inclines, 
when sitting down while supporting 
weight on the affected leg, and when 
walking down stairs. Bending the 
knee with the SSCO® closely approxi-
mates the natural movement pattern 
of a sound leg. This makes all forms 
of walking easier. On level ground, 
the possibility of stance phase flexion 
results in a more natural and steadier 
gait pattern. 

Benefits are noticed  
immediately

The aspect of safety and self-confi-
dence must not be underestimated. 
The user no longer has to focus on the 
impaired leg, which previously often 
stood in the way of a physiological 
movement pattern. Users are suppor-
ted with intensive gait training by or-
thotists and therapists. Success in the 
training phase helps the user gain con-
fidence in the system quickly. Here 
the adaptation period depends on the 
underlying indication and its severity 
as well as the preceding fitting. If the 
patient is still able to access a stored 
natural gait pattern, adaptation pro-
ceeds much more quickly when com-
pared to users who have used other de-
vices for many years.

The user sets the pace
One might say that the SSCO® is 
based on a philosophy: it is intended 
to provide the user with as much sup-
port as necessary, but without inter-
fering with the physiological move-
ment pattern of the knee joint. Since 
the control characteristics are adjus-
ted through software, the system can 
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tion after spondylodesis in one case, 
and incomplete paraplegia in four ca-
ses. Each of the test subjects was fit-
ted with a custom-made SSCO® (five 
unilateral, one bilateral) and trained 
in the use of the system. Walking on 
level ground, walking on ramps (10°) 
and walking down stairs both with 
the SSCO® and also (where possible) 
with the previous fitting (SCO, lo-
cking joint) were measured. 

A gait analysis with the existing or-
thosis was performed on the first day 
of testing. Then the test subjects were 
fitted with the C-Brace® orthotronic 
mobility system. This was followed 
by gait training, where all functions 
were practiced with the support of a 
physiotherapist. The biomechanical 
tests with the SSCO® were performed 
on the second day of testing. Evalua-
ting the data returned the following 
results: with the SSCO®, an improve-
ment in the symmetry of the gait pat-
tern compared to the original fitting 
was observed in all test subjects. 

Five out of six test subjects utilised 
stance phase flexion while walking 
on level ground. This function allows 
the knee joint to flex slightly after heel 
strike, softening the impact before the 
knee joint goes back into extension in 
the mid-stance phase. This makes for 
a smoother gait. 

While walking down ramps and 
stairs, five out of six test subjects used 
stance phase flexion in order to com-
plete this task with a „normal“ step-
over-step gait. Compared to conven-

Bluetooth connection. For examp-
le, the requirements when walking 
downhill are not the same as those for 
walking on level ground: while wal-
king downhill, the flexion resistance 
is set to high in order to enable con-
trolled bending of the knee joint. In 
principle the orthosis is always in „se-
cure stance phase“ mode. When the 
microprocessor determines, based on 
the sensor signals, that the user is wal-
king on level ground, the behaviour 
is adjusted immediately and the knee 
joint releases in real time for flexion in 
the swing phase.

Following the individual adapta-
tion of the control unit, the system 
always behaves the same way. Fine-
tuning, the need for which only be-
comes apparent in the course of day-
to-day use, can be performed by the 
orthotist. 

Biomechanical studies 
and results

The functionality of the SSCO® was 
verified in the course of biomecha-
nical gait laboratory testing. Six test 
subjects of various ages, body sizes 
and weights were tested. All of them 
used an orthosis or wheelchair due 
to weakened muscle groups. One test 
subject was previously fitted with an 
AFO, three with KAFOs (two of them 
with SCOs) and two were wheelchair 
users. The underlying indications 
were post-polio in one case, condi-

be adapted to the individual needs of 
the user.

The system is passive, which means 
there are no motors to drive or move 
the user. The orthosis moves via the 
body‘s own energy, which means that 
residual functions such as sufficient 
torso stability are required in order to 
enable a controlled swing-through of 
the leg. 

The „thinking“  
orthosis system

From a technical perspective, the 
stance and swing phase control or-
thosis system represents a technology 
leap in orthotics. It is the first to con-
trol the entire gait cycle in a physio-
logically manner in real time. This is 
essentially made possible by the inter-
action of three technology elements:

The knee joint is controlled by a li-
near hydraulic cylinder that acts as a 
damper. The movement energy has to 
be provided by the user with residual 
functions of the musculature or with 
compensatory movements. It is me-
rely redirected and controlled by the 
system (Fig. 1).

A sensor is integrated in the knee 
joint to measure the knee angle and 
angular velocity. A fibre composite 
spring with integrated ankle moment 
sensor is installed on the lower leg. It 
stores deformation energy during the 
rollover process in the stance pha-
se, releasing it to support the initiati-
on of the swing phase. An integrated 
moment sensor measures the bending 
moment in the area of the ankle and 
supplies an additional control signal 
for the SSCO®. 

The signals that are transmitted 
are processed in an electronic control 
unit. It generates the control signals 
for the valves of the hydraulics, con-
tinuously adjusting the resistance in 
the joint to match the movement si-
tuation. 

The „response time“ of the system 
at 20 ms is below the threshold of hu-
man perception. Thus, from the user‘s 
perspective, the SSCO® responds in 
real time. 

Individually adjustable
In order to obtain optimum func-

tionality from the SSCO® for the user, 
the behaviour of the system is adapted 
to the user‘s individual requirements 
with the help of PC software and a 

Fig. 1: Course of the knee angle and damping behaviour.
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refoot due to the lack of stance phase 
flexion. This shifts the force applica-
tion point forward, resulting in tre-
mendously high extension moments 
on the knee joint in the first part of 
the stance phase. The C-Brace® func-
tion that allows knee bending under 
load can drastically reduce the need 
for this compensating mechanism, 
which can cause joint damage over 
time. 

A modified knee joint, which was 
equipped with additional strain 
gauges to measure the hydraulic force 
(Fig. 3) was used on some test subjects. 

The applied knee moment was cal-
culated from the hydraulic force and 
knee angle, allowing conclusions to 
be drawn about the actual load and 
energy turnover of the system. The 
control behaviour was not influenced 
by these additional sensors.

The measurements with the addi-
tional strain gauges showed a signifi-
cant energy turnover, especially when 
walking down ramps and stairs. For a 
user with a weight of 85 kg, approx. 
50 joules were dissipated per step in 
the hydraulics while on the stairs. 
The maximum output generated to 
control the knee joint in this case was 
262 watts with a maximum knee mo-
ment of 89 Nm.

The maximum ankle moment de-
velops when walking up the ramp. 
With the test subject in question, the 
maximum moment in this situati-
on was around 61 Nm which corres-
ponded to energy of about 7.5 joules 
stored in the spring with the system 
configuration that was used.

tional orthoses (where sideways steps 
are usually used in this situation), this 
results in a higher walking speed and 
improved safety. 

The biomechanical studies indica-
te a significant reduction of strain on 
the contralateral side (which is usually 
less affected by paralysis).

The diagram below (Fig. 2) shows 
an example of the sagittal knee mo-
ment on the contralateral side for a 
user walking down a ramp as well as 
the physiological strain gradient of a 
healthy person (as a reference). It is 
striking to note how closely the load 
situation with the SSCO® approxima-
tes the physiological strain gradient, 
while pronounced deviations are no-
ted with a standard SCO. The unnatu-
ral load is unavoidable with the SCO 
system, since contralateral contact 
can often be made only with the fo-

Fig. 2: Load on the contralateral side while walking down a ramp.

Fig. 4:  Knee moments comparison.
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Fig. 3: Strain gauges for measuring the hydraulic force.
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Area of application  
for SSCO

The C-Brace® orthotronic mobili-
ty system was developed for people 
with lower limb paralysis symptoms 
that prevent the secure muscular sta-
bilisation of the knee joint. The fol-
lowing limiting factors for applica-
tion are currently emerging: lack of 
torso stability, hip flexor force factor 
less than 3, sagittal and frontal devia-
tions of more than 10°, passive ankle 
joint mobility of less than 2°, modera-
te to severe spasticity, cognitive limi-
tations that prevent secure handling 
of the system, and orthoprostheses. 

The market launch of this orthosis 
technology is currently being prepa-
red for Europe including Germany. 
The system is already available in the 
USA.

For the authors:
Dipl.-Ing. Erik Pahl, CPO
Otto Bock HealthCare GmbH
Product Management Neuroorthopaedics
Max-Näder-Str.15
37115 Duderstadt

While walking up ramps, an eleva-
ted extension moment was observed 
before initiating the swing phase.

A diagram with a different scale is 
needed to illustrate the loads while 
walking down ramps and stairs (Fig. 5).

The data from the preceding dia-
gram (activities on level ground) were 
entered as well for comparison. The 
red line represents the measurements 
while walking down stairs. Here the 
resulting loads are more than four 
times as high compared to walking 
on level ground with a locked joint 
and the orthosis moves significantly 
at the same time. The area enclosed by 
the loop is proportional to the energy 
turnover of the orthosis.

This also results in entirely new re-
quirements for the structural compo-
nents of the orthosis. Twisting of the 
orthosis shells has to be minimized 
in order to assure the axial alignment 
of the knee joint and medial support, 
and in order to avoid problems with 
excessive joint wear. This is why the 
orthosis shells, which are individually 
adapted to the user, have to be fabri-
cated using carbon fibre prepreg tech-
nology.

This energy is subsequently re-
leased to help initiate the swing pha-
se, which provides significant relief 
for the user due to increased ground 
clearance during swing-through.

The diagrams that follow illustrate 
the loads generated during knee fle-
xion in the SSCO® for certain move-
ment patterns (Fig. 4). In the illustra-
tions, the respective knee moment ab-
sorbed by the orthosis is applied over 
the knee angle. Positive moments cor-
respond to knee flexion and negative 
moments to knee extension.

The blue curve simulates the beha-
viour of a locking joint where knee 
flexion was blocked. As expected, the 
curve is almost a vertical line (cons-
tant knee angle). A significant knee 
flexion moment occurs due to the lo-
cked swing phase. This is no longer 
observed with the remaining tests 
where a free swing phase was enabled.

The additional small loop in the 
green curve is interesting (walking 
on level ground with SSCO® functio-
nality): it illustrates the stance phase 
flexion cycle while walking on level 
ground with SSCO® functionality. Af-
ter heel strike, the knee is flexed brief-
ly and extended again before flexion 
in the swing phase takes place.
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Fig. 5: Strain gauges for measuring the hydraulic force.
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