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Milestones 
 

ORTHO-SYSTEMS is a small and relatively new to the industry company, specializing in high quality orthotic joints. Of utmost importance to us is 

the production of both durable and functional products. Our company foundations go back to the university days of the owner. While fabricating an 

HKAFO, no joints available on the market met the required functions while providing sufficient stability. Together with a precision-engineer friend, 

the first unilateral hip, knee and ankle joints were born. Today, more than 20 years later, we are an engineering company led by orthotists. All our 

products are designed in CAD, milled exclusively in CNC, and assembled and distributed solely by ourselves. Made in Germany. From the very 

beginning, we chose to focus on research and development and thus forgo a sales force. Our model is to meet new customers through trade fairs, 

and keep them happy with quality products and satisfied patients. Here are some of our innovations that changed the orthotic world: 

 

 

Orthotics Year  

Unilateral free knee joint  Worldwide debut 

Invention of the L – carbon spring  Worldwide debut in orthotics 

Self-lubricating washers calibrated to 100th / millimeter   Worldwide debut 

3-D hip joint with rotation, flexion / extension and abduction   

Functional classification according to lesion   

Weight classification for orthotic joints  Worldwide debut 

Interchangeable movement stops 2000 Worldwide debut 

Jumper unilateral ankle joint 2000 Worldwide debut 

Stehbrett standing platform with superstructure 2000 Worldwide debut 

Water and sand resistant knee and ankle joints 2000 Worldwide debut 

Foot-Walker- Podium with patented adjustment mechanism 2001 Worldwide debut 

Carbon fiber ankle joint with dorsiflexion up to 27° 2004 Unique 

Addition of 2-D and 1-D hip joints to the 3-D hip joint line 2008 Unique in the branch 

Modular Liber knee joint with Extensor-N option 2014 Worldwide debut 

Unrivaled guarantee increased to 20 months 2014 Unique in the branch 

Modular Shuttle ankle joint  2016 Worldwide debut 

Shuttle-Booster for AFO 2016 Worldwide debut 

Shuttle-Turbo for KAFO and AFO 2017  

Shuttle –Uno power unit with tension and compression forces 2018 Worldwide debut 
 

 

Complex knowledge needs to be shared Year  

Complete internet application with customer interface 2005 Unique in the branch 

All data stored only on German servers 2005  

Orthotic configurator 1.0 with targeted result 2005 Worldwide debut in the branch 

Data protection using  secure encryption technology  2010 Unique in the branch 

Orthotic configurator 6.0 – only 3 Steps to result 2016  

Updating our internet application; now tablet compatible 2018  

Understanding Orthotics Handbook 1.0 2018  
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Introduction 
The modular Shuttle and Liber systems have proven a revolutionary development in orthotic management. By adding or dismantling options, 

changing requirements of the patient can be dealt with at any time. This handbook serves to improve understanding of the complex movement 

chains involving orthotic joints with power units. 
 

In cerebral palsy patients we use the Amsterdam Gait Classification (AGC) and provide orthotic treatment recommendations for gait types 1 through 

5. For patients with complete or incomplete paralysis, the classification of KAFOs and AFOs is based upon the presentation "Orthotic Management 

in Spina Bifida" by A. Ferrari in Stersa, Italy, 1985. 
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Glossary 
AFO Ankle Foot Orthosis 
KAFO Knee Ankle Foot Orthosis 
HKAFO Hip Knee Ankle Foot Orthosis 
RGO Reciprocating Gait Orthosis 
 
 

We hope this handbook will prove a valuable aid to orthotists, physicians, occupational therapists, physiotherapists, health insurance providers, 

patients and caregivers for all issues related to orthotic joints using power units. Due to the growing demand for information, our manual is 

constantly changing and improving. All contents of this manual are only our recommendations for those involved, and aim to increase the quality of 

orthotic care. This handbook is available for download in PDF format on our website. 
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KAFO Contact Points According to the 3-point Pressure System 

An orthosis acts on the bony structures of the body via the cuffs, to provide support, movement and guidance. To be successful, the orthosis must 

support the leg on all four sides (anterior/posterior and medial/lateral). Therefore, we strongly recommend using circular cuffs to completely enclose 

the leg. A half-shell can only provide a real support on three sides, and consequently neglects important contact points. Straps should only be used 

as a closure and not as a structural support point! 

 

 

 

 
Anterior view   Medial view 

 

Anterior View 
1. Contact points located on the inner side of the foot at the heel and first metatarsal head. Contralateral pressure-G applied above and 

lateral to the metatarsals completes the 3-point pressure system which supports and secures the subtaler joint. 

2. Above the lateral malleolus. 

3. Medial support under the tibial condyle. 

4. Lateral support above the knee joint (supracondylar). 
 

Medial View 
        0.    In ordert to restrict movement soley to the ankle joint, the foot is firmly fixed through the sole and the two overlying contact points. 

        1.    Prevents the foot from sliding forward in the orthosis. 

        2.    Generous support at the highest point of the calf. 

        3.    Just under the patella towards the inner side of the tibia. 

        4.    Additional contact point when using a locked knee joint or Liber-Extensor extension assist: sizable support below the buttocks (2, 3 and 4 

               above the knee joint). 
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AFO Contact Points According to the 3-point Pressure System 

An orthosis acts on the bony structures of the body via the cuffs, providing support, movement and guidance. To be successful, the orthosis must 

support the leg on all 4 sides (anterior/posterior and medial/lateral). Therefore, we strongly recommend using circular cuffs to completely enclose 

the leg. A half-shell can only provide a real support on 2 sides, and consequently neglects important contact points. Straps should only be used as a 

closure and not as a structural support point! 

 

 

 

 
Anterior view  Medial view 

 

Anterior View 
1. Contact points located on the inner side of the foot at the heel and first metatarsal head. Contralateral pressure-G applied above and 

lateral to the metatarsals completes the 3-point pressure system which supports and secures the subtaler joint. 

2. Above the lateral malleolus. 

3. Medial support under the tibial condyle. 
 

Medial View 
        0.    In ordert to restrict movement soley to the ankle joint, the foot is firmly fixed through the sole and the two overlying contact points. 

        1.    Prevents the foot from sliding forward in the orthosis. 

        2.    Generous support at the highest point of the calf. 

        3.    Just under the patella towards the inner side of the tibia. 
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Orthotic Knee Joint Placement 
The knee is largest joint in the body and correct orthotic joint placement is crucial for proper fit and efficiency of the contact points. That said, 

determining the right mechanical axis of a joint with combined sliding and pivoting movements is not an easy task. 

 

 
Knee joint lateral view 

 

In the field of orthotics, the "compromise pivot axis" method (M. Nietert, 1975) for locating the mechanical joint axis has become widely accepted. 

As seen from the side, the pivot point is located at the height of the patella 60% from the front of the knee (40% from the back). Vertical 

displacement above the tibial plateau is 14% to 17% of the knee depth (anterior-posterior measurement) as measured at the height of the patella. 

This calculation applies to single axis knee joints without a posterior offset. If a posterior offset knee joint is used, the amount of offset must be 

added to the 60%. 

 

 Knee depth (A-P)  Result 
Vertical displacement 100 mm 14 % - 17 % 14 – 17 mm = 15,0 mm 
Horizontal displacement 100 mm 60 % 60,0 mm 
Additional posterior offset  16,5 mm = 76,5 mm 
Tibial plateau → ground    
 
 

 

 

 

Note 
The vertical displacement from the tibial plateau to the pivot point is averaged in 5mm increments (as in the example). For comparison purposes, 

we recommend taking the tibial plateau→ ground measurement on the lateral side. The foot should be positioned in 90 degrees and the heel 

(calcaneus) pulled down. 
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Orthotic Ankle Joint Placement 
Discussions about correct placement of the mechanical ankle joint axis have been going on for as long as orthoses exist. Recently, there has been 

a recommendation for placement of the mechanical axis at the distal tip of the lateral malleolus, a suggestion we do not share. In our view, the best 

axis placement is the one which most benefits the patient and their orthosis. We, therefore, provide here a comparison of three common 

philosophies and their various advantages and disadvantages. 
 

  
Right foot (lateral)                             Right foot (posterior) 

 
 

 

Axis above the lateral malleolus 
Minimal vertical displacements are compensated by the stockings. In patients who are growing, the anatomical ankle joint has room to move 

upwards. Slight horizontal displacements are negligible owing to the limited range of motion provided (max. 15° dorsiflexion; 10° plantarflexion) and 

can be compensated by the soft tissue. Ankle joint placement above the lateral malleolus results in the least amount of problems with shoe fittings 

and is the most cosmetically appealing owing to the reduced width measurement. 
 

 

 

Axis middle of the lateral malleolus 
Minimal vertical displacements are compensated by the stockings. In patients who are growing, the anatomical ankle joint has room to move 

upwards. Slight horizontal displacements are negligible owing to the limited range of motion provided (max. 15° dorsiflexion; 10° plantarflexion) and 

can be compensated by the soft tissue. Ankle joint placement at the middle of the malleolus means that the widest part of the orthotic joint is 

situated on the widest part of the ankle joint. This is neither cosmetically appealing nor an acceptance-promoting position. 
 

 

 

Axis below the lateral malleolus (distal fibular tip) 
This positioning orients the mechanical axis exactly on the structure of the talus, but in practice is arbitrarily determined using the external contours 

of the ankle. There are countless differences to the characteristics of the distal fibula, sometimes it sits higher to the sliding surface of the talus, and 

sometimes lower. Should the orthopedic technician place the orthotic joint even minimally too low, or if patient has grown since receiving his 

orthosis, this can quickly lead to a dangerous incongruence with the subtalar joint. Vertical displacements caused by the excessive difference 

between mechanical and anatomical axes increases compression between the tibia and the talus. Horizontal displacements in this case cannot be 

compensated by soft tissues and instead apply excess stress on the talocalcaneal joint. The low position of the orthotic joint can cause problems 

with shoe fittings. Additionally, the joint lies upon one of the widest points of the ankle which is neither cosmetically appealing nor an acceptance-

promoting position. 
 
 

 

 

Note 
It is our recommendation to place the mechanical axis of the orthotic joint above the lateral malleolus, as this presents the least risk to the skeletal 

system. Horizontal displacements produced by the higher situated mechanical axis are compensated for by the soft tissue of the calf, and due to the 

limited range of motion have proven unproblematic in our experience of thousands of orthoses. Vertical displacements are compensated for by 

stockings. Cosmetically, positioning the joint higher is the most aesthetically pleasing of the three options, doesn’t cause problems for growing 

patients, and eases the fabrication of the orthosis for the technician. 
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KAFO Alignment and Axis Orientation 
This information refers to orthoses using Shuttle-Turbo or Shuttle-Uno ankle joints with power units, which permit ankle joint movement only when 

shifting the body center of gravity. Without a force unit in the ankle joint, the user of the orthosis would rest on the dorsiflexion stops with the knee 

bent. Here we describe standard alignment for a patient without any primary and secondary deformities. 

 

 

 

 

 

Alignment: 
The center of gravity, as seen from the front when standing on one leg, 

falls down the middle of the leg. The orthotic joints are aligned parallel 

to this. Viewed medially, the center of gravity falls from the center of the 

hip in front of the knee and ankle axes. Seen from above, the leg is 

aligned in the walking direction, with the foot oriented in its natural toe-

out position. 

  

 

As seen in the illustration, the patient stands in a 90° ankle joint position 

with an elevated heel to allow sufficient dorsiflexion.  

 

 

Joint Axis Orientation: 
The mechanical joint axes should run parallel to the anatomical joint 

and along the line of progression. If misalignments are present in the 

anatomical joints light compromises can be made for the ankle joint 

(limited range of motion) but not for the knee joint owing to its extensive 

range of motion (min. 95°) 

 

 

Note 
The main goal is a smooth gait with an even stride, i.e., walking with the 

least possible energy expenditure. A rule of thumb is the ‘worse’ side 

takes precedence in order for a uniform stride to be achieved. Often, 

patients who wear orthoses on both legs tend to have more 

complications, e.g., different power units, ranges of motion, 

contractures or leg length discrepancies. 

 

Additionally, it is important is to differentiate between different types of 

gait, such as a pendulum gait where the initial contact is with a flat foot, 

or a gait with a heel strike. 
 

  

Top left: frontal  

Top right: medial 

Bottom: transverse 
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AFO Alignment and Axis Orientation 
This information refers to orthoses using Shuttle-Turbo or Shuttle-Uno ankle joints with power units, which permit ankle joint movement only when 

shifting the body center of gravity. Without a force unit in the ankle joint, the user of the orthosis would rest on the dorsiflexion stops with the knee 

bent. Here we describe standard alignment for a patient without any primary and secondary deformities. 

 

 

 

Alignment: 
The center of gravity, as seen from the front when standing on 

one leg, falls down the middle of the leg. The orthotic joints are 

aligned parallel to this. Viewed medially, the center of gravity 

falls from the center of the hip in front of the knee and ankle 

axes. Seen from above, the leg is aligned in the walking 

direction, with the foot oriented in its natural toe-out position. 

 

As seen in the illustration, the patient stands in a 90° ankle joint 

position with an elevated heel to allow sufficient dorsiflexion.  

 

Joint Axis Orientation: 
The mechanical joint axes should run parallel to the anatomical 

joint and along the line of progression. If misalignments are 

present in the anatomical joints light compromises can be made 

for the ankle joint (limited range of motion) but not for the knee 

joint owing to its extensive range of motion (min. 95°) 

 

Note 
The main goal is a smooth gait with an even stride, i.e., walking 

with the least possible energy expenditure. A rule of thumb is 

the ‘worse’ side takes precedence in order for a uniform stride 

to be achieved. Often, patients who wear orthoses on both legs 

tend to have more complications, e.g., different power units, 

ranges of motion or leg length discrepancies. 

 

Additionally, it is important is to differentiate between different 

types of gait, such as a pendulum gait where the initial contact 

is with a flat foot, or a gait with a heel strike. 

 
  

Top left: frontal  

Top right: medial 

Bottom: transverse 
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Manual Muscle Testing Grades 
 

         
 

10  5 
 

5 

 
Normal force. Able to resist gravity and maximal pressure. 

 

        

 
9  5- 

  
Hardly perceptible weakness. Able to resist gravity and moderate pressure. 

 

         

 

8  4+ 
 

4 

 
Moves the joint against a combination of gravity and moderate to maximum resistance 

 

        

 
7  4 

  
Moves the joint against a combination of gravity and moderate resistance 

 

         

 
6  4- 

 

3 

 
Moves the joint against a combination of gravity and minimum but sustained resistance 

 

        

 

5  3+ 
  

Capable of temporary resistance, but force and/or the extent of movement suddenly drops off if 
sustained 

 

        

 
4  3 

  
Cannot move against resistance, but the joint has a full range of movement against gravity 

 

         

 
3  3- 

 

2 

 
Moves the joint against gravity, but not to the full range of movement of the joint (but may when 
gravity is neutralized) 

 

        

 
2  2 

  
Able to move joint but not resist gravity. 

 

         

 
1  1 

 

1 
 

Weak muscular contraction can be seen or felt 
 

         

 
0  0 

 

0 
 

No contraction can be seen or felt 
 

         
 

 

Note 
The 6-point scale (right) is widely used internationally and therefore often adopted for statistical evaluations. However, the scale is somewhat vague 

and not suitable for accurate assessments of patients with orthoses. For this reason, countless variations with plus-minus signs or half-numbers and 

subdivisions have been created over time. 

 

For the orthotic professionals, problems with the 6-point scale (originally from Lovett) arise at muscle grades 3 and 4. For correct selection of an 

orthotic knee joint, this type of grading is not specific enough. If a patient can maintain sustained resistance (6 on the 11-point scale), he is probably 

able to use a free knee joint with posterior offset. However, a patient who can only maintain temporary resistance (5 on the 11-point scale) is not 

able to support his body over longer periods without a knee lock or extension assist. We therefore strongly recommend all professions dealing with 

orthotics to use the modified Brooke 11-point functional scale. 
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Orthosis Fabrication 
Load Requirements 
The lower extremity orthosis acts as a substitute for failed muscles or unbalanced forces, and therefore forms an abutment to the skeletal system. 

The supporting orthosis lies outside the original load lines, and is therefore subject to additional leverage effects. It also performs functions such as 

supporting and correcting affected body regions. Consequently, in an individual case it is almost impossible to determine how much of the total load 

can be borne by the body and how much by the orthosis. Additionally, relative movements between the contacting surfaces of the orthosis and the 

corresponding body parts cause substantial compressive and frictional forces. 

 
 

Demands on the System    
The field of orthotics would not realistically support the building of prototypes and individual testing of each orthotic appliance. However, since a 

wide spread of loads occur in patients with varying pathologies, lesion heights, body sizes and weights, only an orthotic system with pre-calculated 

strength should be utilized. The lower extremities must be supported in a rotationally stable, orthograde position. 

 

 

Joint Selection 
We recommend using unilateral joints, as they provide more stability and are low maintenance. We only approve of fabrication using lamination 

techniques (e.g., acrylic / epoxy resins or pre-preg) to solidly anchor the orthotic joint into the orthosis. 

 

Avoid technology that existed before the moon landing 
Conventional metal and leather braces (Forrest Gump) or orthoses 

made from thermoplastic sheeting do not provide the necessary 

stability or proper bonding with the joints to perform the required 

tasks. 

 

 

 
 

Adjustments and Growth 
The orthosis must be adaptable to body growth, be easy to don and remove, simple to keep clean, hygienic, robust, stable and low in weight. It 

should be colored if desired, easy to use, and adapted to the patient’s requirements. It must remain dimensionally stable and resistant to torsion 

throughout its lifespan. 
 

To ensure safe standing and walking, care should be taken during the fitting to perform adjustments to alignment and contact points. Apart from 

secure standing, a sufficient and uniform stride length is a basic requirement. Of further importance is the fit of the orthosis in the shoe. Tilting to one 

side or too tight a fit can limit independence and is unacceptable. Equally important are modifications to the shoe itself to optimize walking. The shoe 

must lie flat on the ground, the sole should be rounded off after the toe-break to facilitate swing phase, and the heel should be beveled for a smooth 

rollover at heel strike. 
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New Possibilities with Modular Knee Joints 
Just adding extension force to an orthosis is not enough. The additional force must also be properly adjusted and accepted by the patient. 

How much force should be provided? At what point during flexion should maximum force take place? How much flexion angle should be 

allowed? These variables must, and can, be exactly matched to the patient using the Extensor-N. 

 

Torque Adjustment 
   

 

 

 

 

By changing the lever arm, the required force can be 

fine-tuned to the patient. 

 

 
         

Towards joint 67 % 78 % 89 % 100 % 111 % 122 % 133 % Away from joint 

 lighter force   - middle -   stronger force  
   

 
Examples 

  

 

 
 

Illustration: KAFO with Liber-Extensor-N-28 

Lever arm middle = 100 % Force  

Knee flexion stop 115 °  

Illustration: KAFO with Liber-Extensor-N-28 

Lever arm middle = 100 % Force 

Knee flexion stop 95 °  

Illustration: Knee flexed to 95 ° stop 
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Knee Flexion Angle Influence on Torque 

Knee flexion stop 125 ° 
At 50 - 55 ° flexion = 100 % torque 
 

   

At full knee extension and maximum lever arm = 68 % torque; minimum lever arm = 48 % torque 
 

 

Knee flexion stop 115 ° 
At 40 - 45 ° flexion = 100 % torque 
 

   

At full knee extension and maximum lever arm = 78 % torque; minimum lever arm = 54 % torque 
 

 

Knee flexion stop 105 ° 
At 30 - 35 ° flexion = 100 % torque 
 

   

At full knee extension and maximum lever arm = 86 % torque; minimum lever arm = 59 % torque 
 

 

Knee flexion stop 95 ° 
At 20 - 30 ° flexion = 100 % torque 
 

   

At full knee extension and maximum lever arm = 93 % torque; minimum lever arm = 63 % torque 
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New Possibilities with Modular Ankle Joints 
 

History 
For the longest time, orthotic ankle joints limited motion (plantar- and dorsiflexion) using movement stops without any, or only insufficient, resistance 

to force. Orthoses with these joints always permitted the maximum allowed dorsiflexion during standing, even though the movement was only 

necessary for walking. This inefficient standing position required additional muscle force at the knee and hip joints. The first solution to this loss of 

energy was provided in 1999 with the development of the L carbon spring. While the carbon spring restricted forward movement to taking place 

during walking only, it unfortunately prevented any plantarflexion. In 2011, the V-joint with power units made, for the first time, an erect standing 

position possible while allowing plantar- and dorsiflexion during gait. Further information can be found under "Comparison of Ankle Joints with 

Power Units" on pages 15-16. 

 

An orthotic system today shouldn’t just support and guide the skeleton. The system also needs to compliment remaining musculature and provide 

correction if necessary. All forces applied by orthotic knee and ankle joints must be specifically configured to the needs of the patient and then fine-

tuned. The Shuttle system was designed to accommodate all patients. 

 
 

 

 

The Shuttle ankle joint provides the framework 
to support and guide the skeleton. The adjustable stirrup 

enables alignment modifications of up to 15° to accommodate 

any plantar- or dorsiflexion contractures. 

 

 

Interchangeable movement stops with a range of motion up to 

15° plantar- and dorsiflexion adapt movement to ankle joint 

conditions. 

 

 

 

Please note: 
We strive to construct our joints as small as possible. However, we don’t make any compromises when it comes to durability and function. The 

more functions an orthotic joint possesses (ensured throughout its lifespan), the larger it will be. The modular design of the Shuttle system opens up 

more possibilities for the patient and increases acceptance through the ability to change or remove options. 
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Shuttle-Turbo (Turbo option) 
Interchangeable power units add resistance to plantar- and 

dorsiflexion. Force options range from light (blue)→ mild→ 

medium→ strong (yellow). 

 

   

 

Shuttle-Uno-front (Uno-front option) 
The anteriorly placed interchangeable power unit supports 

calf musculature by adding resistance to dorsiflexion. Force 

options range from light (blue)→ mild→ medium→ strong 

(yellow). The optional tension bands add light resistance 

which dampens heel strike and provides dorsiflexion assist 

during the swing phase (blue arrow pointing up). 

 
   

 

Shuttle-Uno-back (Uno-back option) 
The posteriorly placed interchangeable power unit provides 

counter-resistance to a plantar-flexed foot position. Force 

options range from light (blue)→ mild→ medium→ strong 

(yellow). The optional tension bands add light resistance 

which smooth rollover during stance phase (blue arrow 

pointing up). 

 
   

 

Shuttle-Booster (Booster option) 
Interchangeable power units add resistance to plantar- and 

dorsiflexion. Force options range from light (blue)→ mild→ 

medium→ strong→ maximum (calf muscle replacement). 
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Ankle Joints with Power Units Compared 
The following table compares currently available orthotic ankle joints which make use of a so-called power unit to produce movement through 

strong tension or counter force. Compared were two fixed shape L-carbon springs with movement in dorsiflexion, and three adjustable 

alignment ankle joints which produce plantar- and dorsiflexion forces that can be dynamically adjusted to gait. Orthotic joints not possessing 

similar characteristics, forces, or applications were left out. 

 

Alignment 
An orthosis using a power unit provides an energy saving and harmonious gait while enabling sturdy and upright standing. The power unit only 

permits ankle joint movement when the body’s center of gravity is shifted during the stance phase. During swing phase the foot is returned to 

the neutral position. 
 
 
 
 

AFO Shuttle-Booster 
ORTHO-SYSTEMS 

Shuttle-Uno 
Shuttle-Turbo 

ORTHO-SYSTEMS 
Neuro V Joint * L-Feder 

Spring and Ankle Seven ** 

 
 

Properties 
 

 

Calf muscle replacement 
 

with defined force and permits 
min. 10° dorsiflexion by e.g. 

muscle paralysis 

 

yes 
 

according to weight classification 
from manufacturer and 

corresponding selection of 
maximum high force power units 

 

 

not possible 
 

power units produce only light to 
strong forces 

 

not possible 
 

due to limited selection of power 
units and reduced range of motion 

when increasing force 
 

 

yes 
 

according to weight 
classification from manufacturer 

 

Muscle assisting 
 

with supporting forces in plantar- 
and dorsiflexion by e.g. CP 

patients 
 

 

yes 
 

suitable power units available for 
all requirements 

 

yes 
 

suitable power units available for 
all requirements 

 

yes 
 

using the corresponding power 
unit 

 

not possible 
 

reducing stiffness increases 
dorsiflexion angle and risk of 

breakage 

 

Rotational stability 
 

by insufficient torsional stability 
the knee goes into valgus and the 

hip joint rotates inward 

 

very good 
 

precisely defined joint sizes using 
weight classification 

 

very good 
 

precisely defined joint sizes using 
weight classification 

 

good 
 

depending on joint size chosen by 
configurator 

 

medium 
 

flexion sacrifices rotational 
stiffness  

 

Breakage 
 

by exceeding the maximum range 
of motion 

 

not possible 
 

range of motion is limited by the 
movement stop and power unit 

 

not possible 
 

range of motion is limited by the 
movement stop and power unit 

 

not possible 
 

dorsiflexion is limited by power 
unit 

 

possible 
 

with overweight or very active 
patients Spring: due to the 1/3 

length guidelines 
Ankle-Seven: spring length not 

defined  
 

 

Functions 
 

 

Dorsiflexion 
 
 

 

up to 15 degrees 
 

irrespective of chosen power unit 
and can be specified using 

changeable stops 

 

up to 15 degrees 
 

irrespective of chosen power unit 
and can be specified using 

changeable stops 

 

up to 15 degrees 
possible 

 

however, the stronger the force, 
the less range of motion 

 

not defined 
 

no specifications from 
manufacturer 

 

Plantarflexion 
 

. 
 

 

up to 15 degrees 
 

irrespective of chosen power unit 
and can be specified using 

changeable stops 

 

up to 15 degrees 
 

irrespective of chosen power unit 
and can be specified using 

changeable stops 

 

up to 15 degrees 
possible 

 

however, the stronger the force, 
the less range of motion. 

 

not possible 
 

due to unfavorable leverage 
ratios, even if specified by 

manufacturer 
 

 

Downhill walking 
 

possibility to negotiate downhill 
slopes 

 

 

possible 
 

using accordingly reduced 
plantarflexion force 

 

possible 
 

using accordingly reduced 
plantarflexion force 

 

possible 
 

using accordingly reduced 
plantarflexion force 

 

not possible 
 

as no plantarflexion is present 

 

Uphill walking 
 

possibility to negotiate inclined 
surfaces 

 

 

possible 
 

using accordingly reduced 
dorsiflexion force 

 

possible 
 

using accordingly reduced 
dorsiflexion force 

 

possible 
 

using accordingly reduced 
dorsiflexion force 

 

not possible 
 

too stiff (application is calf muscle 
replacement) 
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AFO Shuttle-Booster 
ORTHO-SYSTEMS 

Shuttle-Uno 
Shuttle-Turbo 

ORTHO-SYSTEMS 
Neuro V- Joint * L-Feder 

Spring und Ankle Seven ** 

 

Anomalies 
 

 

Plantarflexion 
contractures 

 

of the patient 
 

 

no problem 
 

no restrictions 

 

no problem 
 

no restrictions 

 

no problem 
 

no restrictions 

 

severely restricted 
 

Spring: no specifications from 
manufacturer Ankle-Seven: 115 

degrees 
Negative heel necessary for both 

 

 

Dorsiflexion contractures 
 

of the patient 

 

no problem 
 

no restrictions 

 

no problem 
 

no restrictions 

 

no problem 
 

no restrictions 

 

not possible 
 

due to the predetermined shape 

 

Pronounced toe-out 
 

of the patient 

 

no problem 
 

no restrictions 

 

no problem 
 

no restrictions 

 

no problem 
 

no restrictions 

 

limited 
 

 
 

 

Overweight 
 

patients 

 

no problem 
 

within the weight classification 

 

no problem 
 

within the weight classification 

 

limited 
 

due to the limited selection of 
power units within the weight 

classification 
 

 

limited 
 

Spring: due to the 1/3 length 
guidelines 

Ankle-Seven: spring length not 
defined  

 

 

Patient Specific Adjustments 
 

 

Range of motion stops  
 

specifically tailored to patient 
needs 

 

 

adjustable 
 

can be specified irrespective of 
chosen power unit 

 

 

adjustable 
 

can be specified irrespective of 
chosen power unit 

 

 

limited adjustability 
 

range of motion influences 
power unit selection 

 

 

not possible 
 

dependent on construction 

 

Power unit 
 

specifically tailored to patient 
needs 

 

 

adjustable 
 

can be specified irrespective of 
range of motion. 

 

adjustable 
 

can be specified irrespective of 
range of motion. 

 

limited adjustability 
 

as it influences range of motion 
 

 

not possible 
 

dependent on construction 

 

Alignment adjustments of 
finished orthosis  

 

Independent adjustment of ankle 
angle (sagittal plane)  

 

 

at any time 
 

up to 15 degrees 
 

 

at any time 
 

up to 15 degrees 
 

 

at any time 
 

up to 10 degrees 
 

 

not possible 
 

due to the predetermined shape 

 

Conversion of orthotic 
joint on finished orthosis  

 

E.g. according to improvement or 
deterioration of patient 

circumstances 
 

 

at any time 
 

conversion to Shuttle-Turbo, 
Shuttle-Uno-back, Shuttle-Uno-
front, Shuttle-Flex, or standard 

Shuttle joint 
 

 

at any time 
 

conversion to Shuttle-Booster, 
Shuttle-Uno-back, Shuttle-Uno-
front, Shuttle-Flex, or standard 

Shuttle joint 
 

 

not possible 
 

by changing joint parts 

 

not possible 
 

due to construction 

 

Orthotic shoes 
 

normal size 
 

(orthotic shoes) 

 

normal size 
 

(orthotic shoes) 

 

normal size 
 

(orthotic shoes) 

 

+1 shoe size 
 

(orthotic shoes ) 

 

Additional 
 

    

 

Noise 
 

movement stops 
 

 

quiet 
 

reduced through various 
preventative measures 

 

 

quiet 
 

reduced through various 
preventative measures 

 

 

clearly audible 
 

contact of power unit with joint 
stops 

 

none 
 

due to construction 

 

Pre-loading 
 

leans in dorsiflexion with minimal 
force applied 

 

not necessary 
 

sturdy standing without wavering 

 

not necessary 
 

sturdy standing without wavering 

 

not necessary 
 

sturdy standing without 
wavering 

 

up to 4mm 
 

Spring: until the carbon spring 
supports itself on the foot piece. 

Ankle-Seven initial force build-up 
somewhat reduced. 

 

 

Defined joint axis 
 

yes 
 

movement takes place about the 
joint axis 

 

yes 
 

movement takes place about the 
joint axis 

 

yes 
 

movement takes place about 
the joint axis. 

 

no 
 

due to construction  

 

* The Neuro V is an orthotic joint by which the power units sit in a V-position. In 1999 a patent was applied for the L-Feder (today known as the Spring) by Thomas Böckh together 
with Gottinger Handelshaus GbR. Consequently, named patent holders are F.Gottinger, N.Günther and T.Böckh. **The Ankle Seven is independently manufactured and marketed 
by Otto Bock under license. **The names Spring and Ankle Seven are registered trademarks of Gottinger Handelshaus and Otto Bock respectively. 
 

(Green is good, yellow is passable, red shouldn’t be) 
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Notes 
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Choose the Right Force! 
When supplying an orthosis, it is not only important to select the right components, but of equal importance to choose the correct force. We 

differentiate between 13 weight classes offering 52 power units in total for the Shuttle-Turbo and Shuttle-Uno ankle joints. 
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66-70                    1100 

61-65                      

56-60                      

51-55                      

46-50                      

41-45                      

36-40                      

31-35                      

26-30                      

21-25                      

16-20                      

11-15                      

6-10  50              Required Force in Newtons 
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t 

M
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M
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e 

S
tro
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Example 
The force must be matched to the weight of the patient! One should not be tempted to use a smaller joint, with the argument that the patient moves 

very little or has only a low degree of activity. A patient with a body weight of 46-50 kg cannot be supplied with an ankle joint and force unit which is 

designated for 36-40 kg. The below example illustrates this. This 46-50 kg patient is fitted with forces light (blue) and strong (yellow). If the same 

patient is supplied with a smaller 36-40 kg ankle joint, in order to achieve the equivalent force he could be fitted with the moderate (green) unit, but 

the strong (yellow) force is not obtainable. 

 

correct 46-50          correct   correct     

 41-45                  

too small 36-40         possible   not 
possible     

 
 

 

 

Note: 
We are the only manufacturer to offer such a selection of weight classes (every 5kg = 13 total). Anything less simply does not meet our functional 

standards. Equally important is the calibration of forces specific to each weight class. Interchanging forces from blue→ green→ grey→ yellow 

mustn’t limit function but instead make it possible! 
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Ela-Dor and Shuttle-Uno-back Possibilities for…                     Gait Type 1 

Basic Shuttle-Uno-back Ankle Joint Settings 
To begin, the range of motion of the patient’s ankle joint must be determined. This range of motion is transferred to the 

Shuttle ankle joint by inserting the corresponding movement stop. If there are no limitations, we recommend using 15° 

dorsiflexion and 10° plantarflexion stops. 

 

It may be necessary to adjust the ankle joint alignment of the orthosis. Adjustments of up to 15° plantar- or dorsiflexion 

are possible due to the toothed construction of the stirrup. 

 
      Range of Motion 

 
 

 
      Adjustable Alignment 

 

 

 

 

 

Force Variations Ela-Dor 
Interchangeable tension bands of different strengths apply light force for dorsiflexion assist.  

 

Power Unit Variations Shuttle-Uno-back 
The Uno-back has a posterior, interchangeable power unit providing light to strong 

counter-resistance to a plantar-flexed foot position (i.e., dorsiflexion assist). Optional 

tension bands provide light force in the opposite direction. The modular Shuttle ankle joints 

permit a full range of motion up to 15° of both plantar- and dorsiflexion, regardless of the 

power unit or ankle joint alignment selected. This unequaled flexibility serves to enhance 

patient mobility, not hinder. 

 

Orthotic Joint Variations Shuttle-Uno-back 
To provide proper stabilization and guidance of the ankle joint, orthotic joints are weight 

classified into 6 different joint sizes. To provide the proper leverage and torque, the power 

units are further subdivided into 5kg intervals ranging from 6 to 70 kg. That makes an 

unrivaled 13 weight classes; because a patient weighing 38kg requires a different power 

unit than one weighing 48kg. Further information about this can be found in “Choose the 

Right Force” on page 18. 
 

 

           Ela-Dor        Shuttle-Uno-back 
 

 

Exceptions Shuttle-Uno-back 
Not all patients fit the classification. It’s possible that an individual adaptation with other 

power units or another Shuttle option is necessary. Our competent orthotists with many 

years experience are happy to assist you. 

  
            Ela-Dor Force  Shuttle-Uno-back Force 

 

 Light Mild Medium Strong  
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Orthotic Recommendations for...                                          Gait Type 1 
Leg Position 
During mid-stance the foot has full contact with the ground and the knee is normal. 

 

Type of Orthosis 
Stabile laminated AFO with circular cuffs. Long sole, flexible after the toe-break. 

 

Orthosis Function 
Dorsiflexion assist of the foot during swing phase prevents foot-drop and stumbling. 

 

Orthotic Joint Recommendation 
Ela-Dor or Shuttle-Uno-back. 

 

 
 

Effect of Orthosis 

 
 

Initial Contact Foot Flat Mid Stance Terminal Stance Push Off Toe Off 
 
            Force Selection 

Ela-Dor- 
The anteriorly placed tension bands hold the foot in a raised position, thereby enabling a heel strike moment at 

initial contact. Additionally, the foot is lowered in a controlled manner from heel strike to foot flat, preventing 

foot-slap. 
 

The anteriorly placed tension bands resist foot drop during the swing phase, thereby preventing stumbling. 

 
       Ela-Dor 

          light force 
 
 
 

 

Shuttle-Uno-back- 
Should the lifting force of the Ela-Dor joint be insufficient, more force can be generated using the Shuttle-Uno-

back joint. The posteriorly placed power unit holds the foot in the neutral position, thereby enabling a heel 

strike moment at initial contact. Additionally, the foot is lowered in a controlled manner from heel strike to foot 

flat, preventing foot-slap. 
 

Using the posterior tension bands (optional) add light resistance which can smooth rollover after mid-stance 

and build up energy to be released at push-off. 
 

The posteriorly placed power unit holds the foot in the neutral position during swing phase, thereby preventing 

stumbling. 

 
     Shuttle-Uno-back 
     light force = mild force 
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Shuttle-Turbo Possibilities for...                                     Gait Type 2 
Basic Ankle Joint Settings 
To begin, the range of motion of the patient’s ankle joint must be determined. This 

range of motion is transferred to the Shuttle ankle joint by inserting the 

corresponding movement stop. If there are no limitations, we recommend using 15° 

dorsiflexion and 10° plantarflexion stops. 

 

It may be necessary to adjust the ankle joint alignment of the orthosis. Adjustments 

of up to 15° plantar- or dorsiflexion are possible due to the toothed construction of 

the stirrup. 

  

  
            Range of Motion Adjustable Alignment 

 

 

 

 

 

Orthotic Joint Variations 
To provide proper stabilization and guidance of the ankle joint, orthotic joints are weight classified into 6 

different joint sizes. To provide the proper leverage and torque, the power units are further subdivided into 5kg 

intervals ranging from 6 to 70 kg. That makes an unrivaled 13 weight classes; because a patient weighing 38kg 

requires a different power unit than one weighing 48kg. Further information about this can be found in “Choose 

the Right Force” on page 18. 

 

Power Unit Variations 
The Shuttle-Turbo has posteriorly and anteriorly interchangeable power units which produce light to strong 

forces. The modular Shuttle ankle joints permit a full range of motion up to 15° in both plantar- and dorsiflexion, 

regardless of the power unit or ankle joint alignment selected. This unequaled flexibility serves to enhance 

patient mobility, not hinder. 
 

Shuttle-Turbo 
 

 

 

 

 

Exceptions 
Not all patients fit the classification. It’s possible that an individual adaptation with other power units or another 

Shuttle option is necessary. Our competent orthotists with many years experience are happy to assist you. 

 
    Force Options 

 

 Light Mild Medium Strong  
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Orthotic Recommendations for...                                          Gait Type 2 
Leg Position 
During mid-stance the foot, though plantarflexed, lies completely flat and the knee is hyperextended. 

 

Type of Orthosis 
Stabile laminated AFO with circular cuffs. Long sole, flexible forefoot. 

 

Orthosis Function 
Correction of the plantarflexed foot consequently straightens knee recurvatum. 

 

Orthotic Joint Recommendation 
Shuttle-Turbo 

 

 
 

 

 

Effect of Orthosis 

 
 

Initial Contact Foot Flat Mid Stance Terminal Stance Push Off Toe Off 
 
 Force Selection 

The posterior power unit must apply enough force to resist equinus during swing phase and ensure a heel 

strike at initial contact. The foot is then decelerated in a controlled manner to foot flat, thereby avoiding 

premature activation of the calf musculature. Should this heel rocker be negatively influenced by the chosen 

posterior power unit, it should be exchanged for a weaker one. 

 

During mid-stance, the posterior power unit hinders hyperextension of the knee joint by resisting equinus. As 

the ground reaction force passes in front of the ankle joint, energy in the anterior power unit is stored. 

 

After toe-off the anterior power unit returns the foot to its neutral position, where it remains during swing 

phase, thereby preventing stumbling. 

 
       moderate force = mild force 

 
             Mild force  =  mild force 
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Shuttle-Turbo Possibilities for...                                      Gait Type 3 

Basic Ankle Joint Settings 
To begin, the range of motion of the patient’s ankle joint must be determined. This 

range of motion is transferred to the Shuttle ankle joint by inserting the 

corresponding movement stop. If there are no limitations, we recommend using 

15° dorsiflexion and 10° plantarflexion stops. 

 

It may be necessary to adjust the ankle joint alignment of the orthosis. Adjustments 

of up to 15° plantar- or dorsiflexion are possible due to the toothed construction of 

the stirrup. 

  

  
            Range of Motion  Adjustable Alignment 

 

 

 

 

 

Orthotic Joint Variations 
To provide proper stabilization and guidance of the ankle joint, orthotic joints are weight classified into 6 

different joint sizes. To provide the proper leverage and torque, the power units are further subdivided into 5kg 

intervals ranging from 6 to 70 kg. That makes an unrivaled 13 weight classes; because a patient weighing 38kg 

requires a different power unit than one weighing 48kg. Further information about this can be found in “Choose 

the Right Force” on page 18. 

 

Power Unit Variations 
The Shuttle-Turbo has posteriorly and anteriorly interchangeable power units which produce light to strong 

forces. The modular Shuttle ankle joints permit a full range of motion up to 15° in both plantar- and dorsiflexion, 

regardless of the power unit or ankle joint alignment selected. This unequaled flexibility serves to enhance 

patient mobility, not hinder. 

 
            Shuttle-Turbo 

 

 

 

 

 

Exceptions 
Not all patients fit the classification. It’s possible that an individual adaptation with other power units or another 

Shuttle option is necessary. Our competent orthotists with many years experience are happy to assist you. 

 
      Force Options 

 

 Light Mild Medium Strong  
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Orthotic Recommendations for...                                            Gait Type 3 
Leg Position 
During mid-stance the foot remains plantarflexed and contact with the ground is incomplete as the heel is 

raised. The knee is hyperextended. 

 

Type of Orthosis 
Stabile laminated AFO with circular cuffs. Long sole, flexible forefoot. 

 

Orthosis Function 
Correction of the plantarflexed foot consequently straightens knee recurvatum. 

 

Orthotic Joint Recommendation 
Shuttle-Turbo 

 
 

 

 

 

Effect of Orthosis 

 
 

Initial Contact Foot Flat Mid Stance Terminal Stance Push Off Toe Off 
 

           Force Selection 

The posterior power unit must apply enough force to resist equinus during swing phase and ensure a heel 

strike at initial contact. The foot is then decelerated in a controlled manner to foot flat, thereby avoiding 

premature activation of the calf musculature. Following surgery to correct equinus, the anterior power unit can 

be exchanged for a more moderate one if desired. 

 

 

As the ground reaction force passes in front of the ankle joint after mid-stance, energy in the anterior power 

unit is stored for release at push-off (effect is partially reduced due to the flexible forefoot of the orthosis). 

 

 

After toe-off the anterior power unit returns the foot to its neutral position, where it remains during swing 

phase, thereby preventing stumbling. 

 
         mild force  =  strong force 

 

      mild force  =  medium force 
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Shuttle-Turbo and Liber-Extensor-N Possibilities for…             Gait Type 4 
Basic Ankle Joint Settings 
To begin, the range of motion of the patient’s ankle joint must be determined. This 

range of motion is transferred to the Shuttle ankle joint by inserting the 

corresponding movement stop. If there are no limitations, we recommend using 

15° dorsiflexion and 10° plantarflexion stops. 

 

It may be necessary to adjust the ankle joint alignment of the orthosis. Adjustments 

of up to 15° plantar- or dorsiflexion are possible due to the toothed construction of 

the stirrup. 

  

  
            Range of Motion Adjustable Alignment 

 

Orthotic Joint Variations 
To provide proper stabilization and guidance of the ankle joint, orthotic joints are weight classified into 6 different 

joint sizes. To provide the proper leverage and torque, the power units are further subdivided into 5kg intervals 

ranging from 6 to 70 kg. That makes an unrivaled 13 weight classes; because a patient weighing 38kg requires a 

different power unit than one weighing 48kg. Further information about this can be found in “Choose the Right 

Force” on page 18. 

 

Power Unit Variations 
The Shuttle-Turbo has posteriorly and anteriorly interchangeable power units which produce light to strong 

forces. The modular Shuttle ankle joints permit a full range of motion up to 15° in both plantar- and dorsiflexion, 

regardless of the power unit or ankle joint alignment selected. This unequaled flexibility serves to enhance 

patient mobility, not hinder. 

 

Exceptions 
Not all patients fit the classification. It’s possible that an individual adaptation with other power units or another 

Shuttle option is necessary. Our competent orthotists with many years experience are happy to assist you. 

 
Shuttle-Turbo 

 
Light Mild Medium Strong 

 

     Force Options 
 

 

 

Liber-Extensor-N Knee Joint (KAFO) 
Weak knee extensors are stabilized by the posterior offset axis and flexion / 

extension is aligned and guided in the walking direction. The extension stop 

dampens noisy stopping actions caused by muscle imbalances. Medial / lateral 

knee stability is ensured by the medial condyle and lateral supracondylar support 

points of the orthosis. 
 

The modular Extensor-N option is attached to the Liber knee joint to assist knee 

extension. The extensive adjustment possibilities and their characteristics can be 

found on the page "New Possibilities with Modular Knee Joints". 

 

 

 

 
Liber-Extensor-N       Force Options 
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Orthotic Recommendations for...                                            Gait Type 4 
Leg Position 
During mid-stance the foot remains plantarflexed and contact with the ground is incomplete as the heel is 

raised. The knee remains flexed. 

 

Type of Orthosis 
Stabile laminated KAFO or AFO with circular cuffs. Long sole, rigid throughout. Limited toe flexibility could be 

considered. 

 

Orthosis Function 
Support and straightening of the flexed knee using the Liber-Extensor-N extension assist. 

 

Orthotic Joint Recommendation 
Liber-Extensor-N knee joint and Shuttle-Turbo ankle joint. 

 
 
 
 
Effect of Orthosis 

 
 

Initial Contact Foot Flat Mid Stance Terminal Stance Push Off Toe Off 
 
            Force Selection 

If the ankle joint plantarflexion position is correctable, the posterior power unit must apply enough force to 

resist equinus during swing phase and ensure a heel strike at initial contact. The foot is then decelerated in a 

controlled manner to foot flat, thereby avoiding premature activation of the calf musculature. The selected 

power unit can be changed for a stronger one should more equinus correction force be necessary. 
 

 

 

As the ground reaction force passes in front of the ankle joint after mid-stance, energy in the anterior power 

unit is stored for release at push-off. This energy, combined with the rigid lever arm of the foot, produces an 

extension moment at the knee thereby straightening the patient. Gait with a flexed knee (excess strain on the 

knee extensors) is energy consuming and greatly reduces patient stamina. The Liber-Extensor-N provides 

knee extension assistance to improve stability. 
 

 

 

After toe-off the anterior power unit returns the foot to its neutral position, where it remains during swing 

phase, thereby preventing stumbling. 

 
          light force  =  strong force 

 
      strong force  =  strong force 
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Shuttle-Turbo and Liber-Extensor-N Possibilities for…             Gait Type 5 

Basic Ankle Joint Settings 
To begin, the range of motion of the patient’s ankle joint must be determined. This 

range of motion is transferred to the Shuttle ankle joint by inserting the 

corresponding movement stop. If there are no limitations, we recommend using 

15° dorsiflexion and 10° plantarflexion stops. 
 

It may be necessary to adjust the ankle joint alignment of the orthosis. Adjustments 

of up to 15° plantar- or dorsiflexion are possible due to the toothed construction of 

the stirrup. 

  

  
            Range of Motion Adjustable Alignment 

 

Orthotic Joint Variations 
To provide proper stabilization and guidance of the ankle joint, orthotic joints are weight 

classified into 6 different joint sizes. To provide the proper leverage and torque, the power 

units are further subdivided into 5kg intervals ranging from 6 to 70 kg. That makes an 

unrivaled 13 weight classes; because a patient weighing 38kg requires a different power 

unit than one weighing 48kg. Further information about this can be found in “Choose the 

Right Force” on page 18. 
 

Power Unit Variations 
The Shuttle-Turbo has posteriorly and anteriorly interchangeable power units which 

produce light to strong forces. The Uno-front has an anterior, interchangeable power unit 

providing light to strong counter-resistance to dorsiflexion. Optional tension bands provide 

light force in the opposite direction. The modular Shuttle ankle joints permit a full range of 

motion up to 15° in both plantar- and dorsiflexion, regardless of the power unit or ankle 

joint alignment selected. This unequaled flexibility serves to enhance patient mobility, not 

hinder. 

 

  

Shuttle-Uno-front Shuttle-Turbo 

Exceptions 
Not all patients fit the classification. It’s possible that an individual adaptation with other 

power units or another Shuttle option is necessary. Our competent orthotists with many 

years experience are happy to assist you. 

 
  

Light Mild Medium Strong 
 

Shuttle-Uno-front Forces      Shuttle-Turbo Forces 
 

 

 

Liber-Extensor-N Knee Joint (KAFO) 
Weak knee extensors are stabilized by the posterior offset axis and flexion / extension is 

aligned and guided in the walking direction. The extension stop dampens noisy stopping 

actions caused by muscle imbalances. Medial / lateral knee stability is ensured by the 

lateral supracondylar and medial condyle support points of the orthosis. 
 

The modular Extensor-N option is attached to the Liber knee joint to assist knee extension. 

The extensive adjustment possibilities and their characteristics can be found on the page 

"New Possibilities with Modular Knee Joints". 

  

 

 
Liber-Extensor-N         Force Options 

 



Handbook 1.0 Page 27-28 

 
 

Orthotic Recommendations for...                                             Gait Type 5 
Leg Position 
During mid-stance the foot has full contact with the ground and the knee is flexed. 

 

Type of Orthosis 
Stabile laminated KAFO or AFO with circular cuffs. Long sole, flexible after the toe-break. 

 

Orthosis Function 
Support and straightening of the flexed knee using the Liber-Extensor-N extension assist.  

 

Orthotic Joint Recommendation 
Liber-Extensor-N knee joint and Shuttle-Uno-front or Shuttle-Turbo ankle joint. 

 
 
 
Effect of Orthosis 

 
 

Initial Contact Foot Flat Mid Stance Terminal Stance Push Off Toe Off 
 
              Force Selection 

Tension bands of the Shuttle-Uno-front hold the foot in the neutral position during swing phase, thereby 

enabling a proper heel strike moment at initial contact. The tension bands serve a second purpose by lowering 

the foot in a controlled manner from heel strike to foot flat, providing a smooth heel rocker. In exceptional 

cases where more force may be required, the Shuttle-Turbo allows higher force selection. 
 

 

As the ground reaction force passes in front of the ankle joint after mid-stance, energy in the anterior power 

unit is stored for release at push-off. This energy, combined with the rigid lever arm of the foot, produces an 

extension moment at the knee thereby straightening the patient. Gait with a flexed knee (excess strain on the 

knee extensors) is energy consuming and greatly reduces patient stamina. The Liber-Extensor-N provides 

knee extension assistance to improve stability. 
 

 

After toe-off the anterior power unit returns the foot to its neutral position, where it remains during swing 

phase, thereby preventing stumbling. 

 
           Shuttle-Uno-front 

strong force  = light force 

 
           Shuttle-Turbo- 

light force =  strong force 
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Shuttle-Turbo Possibilities for...                                     KAFO for Paralysis 

Basic Ankle Joint Settings 
To begin, the range of motion of the patient’s ankle joint must be determined. This 

range of motion is transferred to the Shuttle ankle joint by inserting the 

corresponding movement stop. If there are no limitations, we recommend using 15° 

dorsiflexion and 10° plantarflexion stops. 
 

It may be necessary to adjust the ankle joint alignment of the orthosis. Adjustments 

of up to 15° plantar- or dorsiflexion are possible due to the toothed construction of 

the stirrup. 

  

  
         Range of Motion    Adjustable Alignment 

Orthotic Joint Variations 
To provide proper stabilization and guidance of the ankle joint, orthotic joints are weight classified into 6 different joint 

sizes. To provide the proper leverage and torque, the power units are further subdivided into 5kg intervals ranging from 

6 to 70 kg. That makes an unrivaled 13 weight classes; because a patient weighing 38kg requires a different power 

unit than one weighing 48kg. Further information about this can be found in “Choose the Right Force” on page 18. 
 

Power Unit Variations 
The Shuttle-Turbo has posteriorly and anteriorly interchangeable power units which produce light to strong forces. The 

modular Shuttle ankle joints permit a full range of motion up to 15° in both plantar- and dorsiflexion, regardless of the 

power unit or ankle joint alignment selected. This unequaled flexibility serves to enhance patient mobility, not hinder. 

 

Exceptions 
Not all patients fit the classification. It’s possible that an individual adaptation with other power units or another Shuttle 

option is necessary. Our competent orthotists with many years experience are happy to assist you. 

 

 
        Shuttle-Turbo 
 

 
Light Mild Medium Strong 

 

           Force Options 
 

 

Knee Joint Options 

Liber Knee Joint - free 
Weak knee extensors are stabilized by the posterior offset axis and flexion / extension is aligned and guided in 

the walking direction. The extension stop dampens noisy stopping actions caused by muscle imbalances. Medial 

/ lateral knee stability is ensured by the medial condyle and lateral supracondylar support points of the orthosis. 

A flexion angle of up to 140° is possible. 
 

Liber-Extensor-N- Knee Joint – free with extension assist 
The modular Extensor-N option is attached to the Liber knee joint to assist knee extension. The extensive 

adjustment possibilities and their characteristics can be found on the page "New Possibilities with Modular Knee 

Joints". 
 

Konso Knee Joint - locked 
The self-locking joint remains locked during the swing and stance phases but can be opened for sitting by lifting 

the drop lock. A special feature of this weight-classified knee joint is the option to increase or decrease the 

locked flexion angles from 0 to 40 degrees in 5 degree intervals. 

 
 

Liber- Knee Joint 

  

Liber-Extensor-N Knee Joint 

 
 

Konso- Knee Joint 
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Orthotic Recommendations for                                      KAFO for Paralysis 
3 Distinct KAFO Variations 
 

If the quadriceps muscle has sufficient strength, the free motion Liber knee joint with posterior offset provides 

enhanced stability and guidance for the knee joint. Here an anterior thigh cuff is used, increasing sitting 

comfort and protection for the knee extensors. 
 

If, on the other hand, knee extensor strength is insufficient or considerable flexion contractures are present, 

the locked Konso knee joint (adjustable flexion angle) with posterior thigh cuff is used (see KAFO contact 

points). 
 

A possible third variant lies in between: a free Liber knee joint with an Extensor-N extension assist unit. While 

an anterior thigh cuff here would provide somewhat more sitting comfort for the wearer, the extension assist is 

more effective when using a posterior cuff.  Disabled foot musculature in this case can be supplemented using 

an ankle joint with power unit. 
 

Orthotic Ankle Joint Recommendation 
The Shuttle-Turbo ankle joint with its power unit allows a highly orthograde leg position and thereby free 

standing with minimum force exertion. Ankle joint movement is only permitted when the power unit is loaded, 

e.g. when walking, therefore facilitating a smoother and more economical gait. 
 

 
 
 
 
Effect of Orthosis 

 
 

Initial Contact Foot Flat Mid Stance Terminal Stance Push Off Toe Off 

 

            Force Selection 
The posterior power unit must apply enough force to resist foot drop during swing phase and ensure a heel 

strike at initial contact. The foot is then decelerated in a controlled manner to foot flat, avoiding foot slap. In 

somewhat less dynamic patients or those with a pendulum gait, it may be necessary to reduce the resistance 

to dorsiflexion (anterior power unit). 
 

 

As the ground reaction force passes in front of the ankle joint after mid-stance, energy in the anterior power 

unit is stored for release at push-off. With a pendulum-type gait, the shorter stride length minimizes released 

energy at push-off. 
 

 

After toe-off the anterior power unit returns the foot to its neutral position, where it remains during swing 

phase, thereby preventing stumbling. 

 
           light force =  strong force 

 
       light force  =  medium force 
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Shuttle-Booster Possibilities for...                           AFO for Paralysis 

Basic Ankle Joint Settings 
To begin, the range of motion of the patient’s ankle joint must be determined. This 

range of motion is transferred to the Shuttle ankle joint by inserting the 

corresponding movement stop. If there are no limitations, we recommend using 

15° dorsiflexion and 10° plantarflexion stops. 
 

It may be necessary to adjust the ankle joint alignment of the orthosis. Adjustments 

of up to 15° plantar- or dorsiflexion are possible due to the toothed construction of 

the stirrup. 

 

  

  
           Range of Motion Adjustable Alignment 

 

Orthotic Joint Variations 
To provide proper stabilization and guidance of the ankle joint, orthotic joints are weight classified into 6 different joint 

sizes. To provide the proper leverage and torque, the power units are further subdivided into 5kg intervals ranging 

from 6 to 70 kg. That makes an unrivaled 13 weight classes; because a patient weighing 38kg requires a different 

power unit than one weighing 48kg. Further information about this can be found in “Choose the Right Force” on page 

18. 
 

Power Unit Variations 
The Shuttle-Booster has posteriorly and anteriorly interchangeable power units which produce light to maximum 

forces. The modular Shuttle ankle joints permit a full range of motion up to 15° in both plantar- and dorsiflexion, 

regardless of the power unit or ankle joint alignment selected. This unequaled flexibility serves to enhance patient 

mobility, not hinder.  
Shuttle-Booster 

 

Exceptions 
Not all patients fit the classification. It’s possible that an individual adaptation with other power units or another 

Shuttle option is necessary. Our competent orthotists with many years experience are happy to assist you. 

 

 
 

Light Mild Medium Strong Maximum 
 

Force Options 
 

 

 

 

Consider a KAFO  
A variety of reasons exist where an AFO may appear to provide sufficient support, but is not 

necessarily the best treatment option. Protecting the knee against future instability issues should 

always be considered. This is especially the case in growing patients where increasing lever 

arms put excessive stress on the knee joint. Contrarily, temporary KAFO treatment can 

strengthen knee stability to the point where the orthosis can be reduced to an AFO with condylar 

support. 
 

Liber Knee Joint 
Weak knee extensors are stabilized by the posterior offset axis and flexion / extension is aligned 

and guided in the walking direction. The extension stop dampens noisy stopping actions caused 

by muscle imbalances. Medial / lateral knee stability is ensured by the medial condyle and lateral 

supracondylar support points of the orthosis. A flexion angle of up to 140° is possible. 
 

  
  Liber Knee Joint            Maximum Flexion 
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Orthotic Recommendations for...                                     AFO for Paralysis 
 
Orthosis Variations 
Consider two AFO variations, the first being for the L4 / S1 / S2 lesions with supracondylar support and the 

other being for the S2 / S3 lesions using no condylar support. 
 

Orthotic Joint Recommendation 
The Shuttle-Booster ankle joint with its power unit allows a highly orthograde leg position and thereby free 

standing with minimum force exertion. Ankle joint movement is only permitted when the power unit is loaded, 

e.g. when walking, therefore facilitating a smoother and more economical gait. 

 
 
 
 
 
 
Effect of Orthosis 

 
 

Initial Contact Foot Flat Mid Stance Terminal Stance Push Off Toe Off 

 
 Force Selection 

The posterior power unit must apply enough force to resist foot drop during swing phase and ensure a heel 

strike at initial contact. The foot is then decelerated in a controlled manner to foot flat, avoiding foot slap. In 

more active patients, it may be necessary to increase plantarflexion resistance (posterior power unit). 
 

 

As the ground reaction force passes in front of the ankle joint after mid-stance, energy in the anterior power 

unit is stored for release at push-off. 
 

 

After toe-off the anterior power unit returns the foot to its neutral position, where it remains during swing 

phase, thereby preventing stumbling. 

 
light force  =  maximum force 

 
mild force  =  maximum force 
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Contact 
 

 

You can reach us from  9am to 5pm (Germany) 
by telephone at  +49 89 90 47 57 50 

fax  +49 89 90 47 57 55 

email   kontakt@ortho-systems-mail.de  

lettermail  Postfach 1201,  85542 Kirchheim 
and by parcel post  Merowingerstr. 14, 85551 Kirchheim 

Your contact person  Anke Böckh  

and for technical questions 

and  

 Jeff Matwichuk 
Thomas Böckh 

  www.ortho-systems-bewegt.de  
 
 
 
 
We don’t just stop at AFOs and KAFOs... 
 
this and much more can be found on our website. 
 
 

  
 

Stehbrett Standing Platform for use with a custom body shell 
 

Podium walker for use with a custom body shell 
 

mailto:kontakt@ortho-systems-mail.de
http://www.ortho-systems-bewegt.de/


Handbook 1.0 Page 35 

 
 

The Unilateral Joint System 

 

 
 
To ensure full stability while the orthosis is being 
worn, it is necessary to ensure proper resistance to 
the occurring forces.  
 

This is only possible if the stresses are determined in 

advance using weight and functional classifications. 

 

It is important to apply the predetermined uprights over the 

entire orthosis length in order to stabilize all contact points.  

Thanks to this dependable stability, rotation can be 

considerably prevented, while a defined lateral flexibility is 

permitted to prevent breakage. 

 

Example: The evolution of double-winged aircraft to 

today’s passenger planes clearly demonstrates the 

unilateral principle. Wings have a defined flexibility to 

prevent breakage, while their rotational stability 

simultaneously avoids any unwanted movements. 

 

Illustration: 

Animation by ORTHO-SYSTEMS 

based on image of an Airbus A320. 

Airbus wouldn’t build a biplane! 

Special Features: Uprights 

 
 

Defined lateral flexibility to prevent breakage. 

 
 

Rotational stability to control gait and prevent unwanted movements. 

 
 

Uprights can be overlapped enabling eventual lengthening of the orthosis to accommodate body growth. 

 
 

Modification, adaptation and correction of the orthosis without loss of the static structure. 

Special Features: Joints 

 
 

Sizes available from toddler to adult. 

 
 

Low maintenance joint constructions with available service sets for inspection intervals. 

 
 

Opening and closing mechanisms can be easily operated by the patient or caregiver. 
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