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1 Overview table 
 

The summaries are organized in three levels depending on the detail of information. The overview table (Level 1) lists all the relevant publications dealing with a particular pro d-

uct (topic) as well as researched categories (e.g. level walking, safety, activities, etc). By clicking on underlined categor ies, a summary of all the literature dealing with that cate-

gory will open (Level 2).  

For those interested to learn more about individual studies, a summary of the study can be obtained by clicking on the relevant reference (Level 3). 

Reference  
Category  

Functions and Activities  Participation  Environment  

Author  Year  Products  
Level  

Walking  
Stairs  

Ramps, 

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

Energy  

Consumption   

Safety  

Activity, 

Mobility, 

ADL 

Preference 

Satisfaction 

QoL 

Health  

economics  

Thiele  2014 
C-Leg, Orion, Plie 

2.0, Rel-K 
x 

         

Wolf  2013 C-Leg, Power Knee  
       

x 
  

Wolf  2012 C-Leg, Power Knee  
 

x x 
       

Blumentritt  2010 
C-Leg, Rheo, Ada p-

tive 2   
x 

    
x 

   

Highsmith  2011 C-Leg, Power  Knee  
       

x 
  

Bellmann  2010 

C-Leg, Hybrid 

Knee, Adaptive 2, 

Rheo  

x x x 
  

x x 
   

Bellmann  2009 
C-Leg, Rheo, Ada p-

tive 2, Hybrid Knee  
x x 

    
x 

   

Chin  2006 
C-Leg, Intelligent 

Prosthesis       
x 

    

Johansson  2005 C-Leg, Rheo  x 
    

x 
    

Total number  4 4 2 0 0 3 3 2 0 0 
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2 Summaries of categories  
 

 

On the following pages you find summaries of categories researched in several studies (e.g. level 

walking, stairs, etc.). At the end of each summary you will find a list of reference studies contributing 

to the content of the particular summary.  
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Level Walking 
 

With C -Leg compared to Orion : 

ú Imp roved toe clearance with more consistent maximum knee flexion angle 

in swing phase, especially at slow walking velocities, reduces risk of 

stumbling  

0jagfÁk [`Yf_] af eYpaeme cf]] ^d]pagf Yf_d] oYk loa[] Yk `a_` Yk oal` $-

Leg 

ú Self -selected walking velocity  increased by 4%  

ú Controlled positioning of the prosthetic foot is allowed since extension 

stop at the end of swing phase is reached reliably  

 Orion showed in less than 20%  of steps full extension at the end of swing 

 phase, which increases risk of stumbling 

ú Easier swing phase initiation  

 Hip moment decreased by 5.4%  

 

With C -Leg compared to Plié2.0 : 

ú Improved toe clearance with more consistent maximum knee flexion angle 

in swing phase across walking speeds reduces risk of stumbling  

 Plié2.0 change in maximum knee flexion angle was three times as high as 

 with C-Leg 

 More physiological gait pattern based on consistent maximum knee angle at 

 fast walking velocities 

ú Easier swing phase initiation  

 Hip moment decreased by 6.8%  

ú More natural gait with a smoo ther dampening of the extension movement 

in stance phase.  

 

With C -Leg compared to Rel -K: 

ú More consistent maximum knee flexion angle in swing phase when wal k-

ing at different walking velocities  

 Improved physiological gait pattern at fast walking velocities  

ú Self -selected walking velocity increased by 7.8%  

ú Easier swing phase initiation  

 Hip moment decreased by 2.2%  

ú More natural gait with a smoother dampening of the extension movement 

in stance phase.  

 

With C -Leg compared to Rheo Knee : 

ú More constant maximum knee flexion angle in swing phase when walking 

at different walking velocities  

 Improved physiological gait pattern at fast walking velocities  

ú Smoother transition from swing to stance phase based on a trend towards 

decreased jerking during terminal swing p hase  

 

With C -Leg compared to Hybrid Knee (Synergy) : 

ú More constant maximum knee flexion angle in swing phase when walking 

at different walking velocities  

ú Self -selected and fast walking velocity increased significantly  

 

Major Findings  
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Bellmann et al. (2010) 

 

The main aim of a prosthesis is the restoration of function. For lower extremities the 

most important function is ambulation. It has influence on the mobility grade of the 

subject, the participation and, therefore, general quality of life. Furthermore, a nat u-

ral gait pattern is pursued since it prevents the sound side from higher or inappr o-

priate loads due to compensatory movements. 

 

With C -Leg the self-selected walking velocity is improved relative to Orion by 4.0% 

and relative to Rel-K by 7.6% (Thiele et al 2014). Moreover, an increased walking 

velocity with C-Leg at self-selected and fast walking speed compared to Hybrid 

Knee was reported (Bellmann et al 2010). 

Several groups could show that the maximum knee angle in swing phase stays the 

most constant with C-Leg when walking at varying velocities compared to following 

other MPKs: Orion, Plié2.0 and Rel -K (Thiele et al 2014), Rheo Knee, Adaptive2 

and Hybrid Knee (Bellmann et al. 2010). According to Bellmann et al. (2009) the 

constant knee angle with C-Leg is enabled by resistance parameters which are 

adjusted in near real time. An adequate maximum knee angle is required, especially 

when walking at slower speeds, to ensure toe clearance and, therefore, to minimize 

risk of stumbling. However, it should not exceed 65° to retain a  natural gait pattern 

and to allow for a smooth extension movement. 

With C -Leg the stop at the extension movement in swing phase is damped progres-

sively compared to Hybrid Knee and Adaptive2 (Bellmann et al. 2009). These re-

sults were confirmed by Thiele et al. (2014) who reported an improved extension 

stop with C -Leg and, therefore, improved positioning of the foot compared to Orion 

and Rel-K. 

C-Leg supports walking with stance flexion by improved dampening characteristics 

of the extension movement in stance phase compared to Plié 2.0 and Rel-K (Thiele 

et al. 2014). This results in a more natural gait pattern by avoiding abrupt movement 

transitions. 

Swing phase is initiated most easily with C -Leg compared to Plié2.0, Orion and 

Rel-K measured by lowest minima of external sagittal hip moment at swing phase 

initiation. The hip moment was reduced with C -Leg by 6.8% relative to Pli é2.0, by 

5.4% relative to Orion and by 2.2% relative to Rel -K (Thiele et al. 2014). Further-

more, there is a trend towards decreased external sagittal hip moments during pre-

swing phase with C -Leg compared to Rheo Knee, Adaptive2 and Hybrid Knee 

(Bellmann et al. 2010). 
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Bellmann, M., Schmalz, T., & Blumentri tt, S. (2010). Comparative biomechanical 

analysis of current microprocessor-controlled prosthetic knee joints. Archives of 

physical medicine and rehabilitation, 91(4), 644Ì652. 

doi:10.1016/j.apmr.2009.12.014   

Bellmann, M., Schmalz, T., & Blumentritt, S. (2009). Functional Principles of Cu r-

rent Microprocessor -Controlled Prosthetic Knee Joints. Orthopädie -Technik, 05, 1Ì

6. 

Johansson, J. L., Sherrill, D. M., Riley, P. O., Bonato, P., & Herr, H. (2005). A 

clinical comparison of variable-damping and mechanically passive prosthetic knee 

devices. American journal of physical medicine & rehabilitation / Association of 

Academic Physiatrists, 84(8), 563Ì575. 

Thiele, J., Westebbe, B., Bellmann, M., & Kraft, M. (2014). Designs and perfor-

mance of microprocessor-controlled knee joints. Biomedizinische Tech-

nik/Biomedical Engineering, 59(1). doi:10.1515/bmt -2013-0069   

ą Back to ov erview table  

  

References of 

summarized studies  



 

C-Leg in comparison to other microprocessor controlled knees   Ì Clinical Study Summaries 2 October 2015_v2.0 7 of 42 

 

Stairs 
 

With C -Leg compared to Rheo Knee:  

ú 33% of subjects are less dependent on handrails during stair descent (44 

vs 78%) 

ú Improved safety profile during stair descent based on reliable flexion r e-

sistance  

ú Safe positioning of the foot on the step during stair descent  

 No knee extension movement immediately prior to foot positioning 

ú Trend towards reduced loading on the contralateral side  

 Ground reaction force on contralateral side decreased by 10%  

 

With C -Leg compared to Adaptive2:  

ú 56% of subjects are less dependent on handrails during stair descent (44 

vs 100%) 

ú Improved safety profile during stair descent based on reliable flexion r e-

sistance  

ú Safe positioning of the foot on the step during stair descent  

 No knee extension movement immediately prior to foot positioning 

ú Reduced loading on the contralateral side  

 Ground reaction force on contralateral side decreased by 25%  

 

With C -Leg compared to Power Knee:  

ú Reduced loading of the contralateral side during stair descent based  on a 

decrease of peak ankle power generation by 21%  

 

With C -Leg compared to Hybrid Knee (Synergy):  

ú 12% of subjects are less dependent on handrails during stair descent (44 

vs 56%) 

ú Safe positioning of the foot on the step during stair descent  

 No knee extension movement immediately prior to foot positioning 

 

 

Bellmann et al. (2010) 
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Stair ambulation is an activity that is important for amputees with an activity level 

ranging from K2 to K4. Being able to ascend and descend stairs is a requirement to 

participate in daily life.  Biomechanical assessment is conducted to determine load 

on the joints and joint angles. It was additionally recorded how many subjects need 

support from handrail while doing activity.  

 

C-Leg shows a reliable extension support during stair descent and therefore allows 

for an appropriate positioning of the foot on the step and a safe loading. In contrast, 

it was observed, that with Hybrid Knee, Adaptive2 and Rheo Knee the knee is mov-

ing immediately prior to foot positioning which gives the subjects the impression of 

instability and insecurity (Bellmann et al. 2010). Additionally it was reported that C -

Leg shows the highest safety potential of assessed MPKs based on its reliable re-

sistance and reproducible knee angle during stair descent (Blumentritt et al. 2010). 

Furthermore, also improvements in perceived safety of subjects using C-Leg were 

confirmed due to decrease in the use of a handrail when descending stairs. With C -

Leg only 44% of subjects used the hand rail compared to 56% with Hybrid Knee, 

78% with Adaptive2 and 100% with Rheo Knee (Bellmann et al 201 0). 

A motion analysis by Bellmann et al. (2010) showed that loading of the contralateral 

side during stair descent is reduced by 24% with C -Leg compared to Adaptive2. 

Another group measured a decrease in peak ankle power of the contralateral with 

C-Leg compared to Power Knee (Wolf et al. 2012).  

 

Bellmann, M., Schmalz, T., & Blumentritt, S. (2010). Comparative biomechanical 

analysis of current microprocessor-controlled prosthetic knee joints. Archives of 

physical medicine and rehabilitation, 91(4), 644Ì652. 

doi:10.1016/j.apmr.2009.12.014   

Bellmann, M., Schmalz, T., & Blumentritt, S. (2009). Functional Principles of Cu r-

rent Microprocessor -Controlled Prosthetic Knee Joints. Orthopädie -Technik, 05, 1Ì

6. 

Blumentritt, S., & Bellmann, M. (2010). Potenzielle Sicherheit von aktuellen nicht -

mikroprozessorund mikroprozessorgesteuerten Prothesenkniegelenken. Or-

thopädie-Technik, 11(10), 788Ì799. 

ą Back to overview table  

  

Clinical Relevance  

Summary  

References of 

summarized studies  
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Ramps, Hills 
 

With C -Leg compared to  Rheo Knee : 

ú 56% of subjects are less dependent on handrails during ramp descent (22 

vs 78%) 

ú Subjects trust to load the prosthesis to a higher extend  

 Knee flexion moments increased by 28% 

ú Trend towards reduced loading on the contralateral side  

 Vertical ground reaction force on contralateral side decreased by 3%  

 

With C -Leg compared to  Adaptive2 : 

ú 78% of subjects are less dependent on handrails during ramp descent (22 

vs 100%) 

ú Subjects trust to load the prosthesis to a higher extend  

 Knee flexion moments increased by 74% 

ú Trend towards reduced loading on the contralateral side  

 Vertical ground reaction force on contralateral side decreased by 9.7%  

 

With C -Leg compared to Hybrid Knee : 

ú 22% of subjects are less dependent on handrails during ramp descent (22 

vs 44%) 

ú Trend towards reduced loading on the contralateral side  

 Vertical ground reaction force  on contralateral side decreased by 7.1%  

 

With C -Leg compared to Power Knee : 

ú Improved symmetry of gait pattern during ramp descent  

 Sound side stance phase is 6.7% shorter  

 Prosthetic side stance phase is 3.6% longer  

 

Bellmann et al. (2010) 

 

Similar to stairs, ramps and hills need to be navigated by amputees with a wide 

range of activity levels to be able to participate in daily life. Biomechanical assess-

ment is conducted to determine joint angles and moments. With the prosthesis 

fitting it is aimed to allow for a natural gait pattern, which includes symmetrical gait 
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characteristics and a loading distributed between the two limbs as even as poss i-

ble.  The perceived safety, when descending ramps, is assessed by evaluating the 

use of handrail. 

 

When descending a ramp, the sound side stance phase is 6.7% shorter and the 

prosthetic side stance phase is 3.6% longer with C -Leg compared to Power Knee. 

This results in improved gait symmetry with C-Leg. Furthermore, with C -Leg, the 

prosthetic side step length is increased and the sound side step length tends to be 

increased for ramp ascent and descent compared to Power Knee. The described 

improvements are achieved due to increased perceived safety of the subjects when 

using C-Leg compared to Power Knee (Wolf et al 2012).  

Bellmann et al (2010) confirmed improvements in confidence with a decreased use 

of handrail with C -Leg compared to other MPCKs when descending ramps. Only 

22% of subjects used a handrail with C -Leg, 44% with Hybrid Knee,  78% with 

Rheo Knee, and 100% with Adaptive2.  

The increase in maximum knee flexion moments on the prosthetic side when de-

scending ramps with C -Leg compared to Rheo Knee (28%  higher with C -Leg) and 

Adaptive2 (74% higher with C -Leg) occurs since subjects tr ust to load the prosthe-

sis to a higher extend. Thereby the load on the sound side tends to be reduced with 

C-Leg (Bellmann et al 2010).  

 

Bellmann, M., Schmalz, T., &  Blumentritt, S. (2010). Comparative biomechanical 

analysis of current microprocessor-controlled prosthetic knee joints. Archives of 

physical medicine and rehabilitation, 91(4), 644Ì652. 

doi:10.1016/j.apmr.2009.12.014   

Wolf, E. J., Everding, V. Q., Linberg, A. L., Schnall, B. L., Czerniecki, J. M., & 

Gambel, J. M. (2012). Assessment of transfemoral amputees using C-Leg and 

Power Knee for ascending and descending inclines and steps. The Journal of Re-

habilitation Research and Development, 49(6), 831. 

doi:10.1682/JRRD.2010.12.0234   

ą Back to overview table  
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summarized studies  



 

C-Leg in comparison to other microprocessor controlled knees   Ì Clinical Study Summaries 2 October 2015_v2.0 11 of 42 

 

Metabolic energy consumption 
 

With C -Leg compared to Rheo Knee : 

ú Oxygen costs decreased by 5.1% at self -selected walking velocity  

ú Oxygen costs tend to be decreased by 2.7% at fast walking velocity  

 

With C -Leg compared to Intelligent Prosthesis : 

ú Oxygen uptake tends to be reduced by 4.3% up to 6.5% when walking at 

different velocities  

 

With C -Leg compared to Hybrid Knee : 

ú Oxygen costs tend to be decreased by 2.7% at fast walking velocity  

 

Oxygen costs were measured when subjects walked at different velocities: slow 

(0.6Ɋ0.8 m/s), self -selected (0.8Ɋ1.0 m/s) and fast (1.0Ɋ1.2 m/s) (Bellmann et al 

2010). 

 

Energy expenditure refers to the amount of energy a person uses to perform a cer-

tain activity such as walking. The difference between prostheses regarding the en-

ergy expenditure is of interest since transfemoral amputees are generally less effi-

cient ambulators. The oxygen consumption of transfemoral amputees is 27% higher 

compared to able-bodied subjects (Gitter et al. 1995). Energy expenditure is dete r-

mined based on measurements of oxygen cost, heart rate or carbon dioxide produc-

tion. 

 

Oxygen costs decreased at self-selected walking speed by 5.1% with C -Leg com-

pared to Rheo Knee. At fast walking speed, C -Leg showed a trend towards d e-

creased oxygen costs by 2.7% compared to Rheo Knee and Hybrid Knee (Bellmann 

et al 2010). In contrary, another study showed a trend towards increased oxygen 

uptake by 3% for C -Leg compared to Rheo Knee (Johansson et al. 2005). Addition-

ally, C-Leg showed a trend towards decreased oxygen uptake by 4.3% Ɋ 6.5% 

compared to Intelligent Prosthesis at different gait speeds (Chin et al. 2006). 

 

Bellmann, M., Schmalz, T., & Blumentritt, S. (2010). Comparative biomechanical 

analysis of current microprocessor-controlled prosthetic knee joints. Archives of 
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physical medicine and rehabilitation, 91(4), 644Ì652. 

doi:10.1016/j.apmr.2009.12.014   

Chin, T., Machida, K., Sawamura, S., Shiba, R., Oyabu, H., Nagakura, Y., Na k-

agawa, A. (2006). Comparison of different microprocessor control led knee joints on 

the energy consumption during walking in trans -femoral amputees: intelligent knee 

prosthesis (IP) versus C-leg. Prosthetics and Orthotics International, 30(1), 73 Ì80. 

Johansson, J. L., Sherrill, D. M., R iley, P. O., Bonato, P., & Herr, H. (2005). A clin i-

cal comparison of variable-damping and mechanically passive prosthetic knee de-

vices. American journal of physical medicine & rehabilitation / Association of Ac a-

demic Physiatrists, 84(8), 563Ì575. 

 

Gitter, A., Czerniecki, J., & Weaver, K. (1995). A reassessment of center -of-mass 

dynamics as a determinate of the metabolic inefficiency of above-knee amputee 

ambulation. American journal of physical medicine & rehabilitation / Association of 

Academic Physiatrists, 74(5), 332Ì338. 

ą Back to overview table  
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Safety 
 

With C -Leg compared to MPCKs:  

ú Loading at abrupt stop is possible at any time without compensatory 

movements based on high flexion resistance before ground contact  

 Rheo Knee:   Switches to high flexion resistance at ground contact and  

  resistance depends on the extend of load (i.e. cautiously  

  loading leads to low resistance).  

  Compensatory movements are required. 

 Adaptive2:   Might collapse and therefore risk of falling.  

ú Increased safety potential when stepping on an obstacle based on high 

flexion resistance before initial ground contact  

 Rheo Knee:   Switches to high stance phase flexion resistance at initial 

   ground contact.  

 Adaptive2:   Risk of falling when stepping with the heel first.  

 Hybrid Knee:   Switches to high flexion resistance at ground contact.  

ú Increased safety when stumbling since loading of the prosthesis is even 

possible in a flexed knee position  

 Rheo Knee:   High flexion resistance depends on reliability of stumble 

  detection. Resistance might be too low to provide loading 

  capacity. Increased risk of slipping when subjects contin ue

  to walk after stumbling.  

 Adaptive2:   Collapses when stumbling occurs even in  early swing 

  phase. 

 Hybrid Knee   

 (Synergy):  Knee joint collapses when contacting ground with forefoot.  

  Compensatory movements are required. 

 

 

Blumentritt et al. (2011) 

 

Safety aspects of the prosthesis are highly relevant for the patients. Since the fear of 

falling can have a negative impact on activities of daily living as well as on participa-

tion, perceived safety is regarded as an important factor for quality of life of an am-

Highest safety potential with C -Leg when stopping  
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putee. Information about safety is gathered through observing subjects when they 

perform selected tasks and to assess how the prosthesis reacts. 

 

The studies discussing safety of C-Leg compared to other MPKs assessed how 

safe the prostheses are when performing following activities: abrupt stopping, st ep-

ping on an object and stumbling.  

When performing an abrupt stop, with C -Leg high resistance is already activated 

prior to ground contact. In comparison, Rheo Knee switches to low resistance when 

loading cautiously and Adaptive2 may not switch at all to high resistance (Bellmann 

et al 2009). These results were confirmed in a later study: stopping with C -Leg was 

not a problem at any time and therefore C-Leg presents the highest safety potential 

of the assessed MPKs. With Rheo Knee compensatory movements were necessary 

and Adaptive2 collapsed incidentally and therefore subjects were at risk of falling 

(Bellmann et al. 2010).  

When stepping on an obstacle, high stance phase flexion resistance is already acti-

vated with C-Leg. With Hybrid Knee and Rheo Knee the system is switching to high 

stance phase flexion resistance at initial ground contact. Furthermore, when using 

Adaptive2, the prosthesis might collapse since it does not switch immediately to 

high flexion resistance. Subjects were able to step on an obstacle with C -Leg and 

Rheo Knee without problems in comparison to Adaptive2, where subjects are at risk 

of falling when stepping with the heel first (Bellmann et al. 2010).  

Stumbling is imitated by disturbing the movement of the prosthesis in swing phase. 

C-Leg was tested to be the safest prosthesis since even in a flexed position it can 

be loaded at any time. In comparison, with Rheo Knee, Hybrid Knee and Adaptive2, 

the system first needs to be switched to stance phase settings. With Rheo Knee and 

Hybrid Knee this leads to a problem when the subject continues with the routine 

pattern; it results in a risk of slipping for Rheo Knee and in a risk of prosthesis co l-

lapse for Hybrid Knee. Adaptive2 collapses when the disruption occurs at an early 

stage of swing phase (Bellmann et al. 2010). 

 

Bellmann, M., Schmalz, T., & Blumentritt, S. (2010). Comparative biomechanical 

analysis of current microprocessor-controlled prosthetic knee joints. Ar chives of 

physical medicine and rehabilitation, 91(4), 644Ì652. 

doi:10.1016/j.apmr.2009.12.014   

Bellmann, M., Schmalz, T., & Blumentritt, S. (2009). Functional Principles of Cu r-

rent Microprocessor -Controlled Pro sthetic Knee Joints. Orthopädie-Technik, 05, 1Ì

6. 

Blumentritt, S., & Bellmann, M. (2010). Potenzielle Sicherheit von aktuellen nicht -

mikroprozessorund mikroprozessorgesteuerten Prothesenkniegelenken. Or-

thopädie-Technik, 11(10), 788Ì799. 
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Activity, Mobility, Activities of daily living (ADLs)  
 

With C -Leg compared to Power Knee:  

ú Subjects prefer to load mainly the sound side during sit to stand (up to 

82% of ground reaction force) and stand to sit task (up to 77% of ground 

reaction force) regardless of MPK they use.  

 

Highsmith et al. (2011)  

 

Activity and mobility are assessed to get an insight into general independence of 

amputees. Standing up and sitting down are required tasks to be able to function 

independently and therefore of special interest. A loading pattern where the weight 

is distributed evenly between the sound side and the amputated side is pursued to 

prevent inappropriate loading of the sound limb. Overloading of the sound limb can 

result in secondary diseases such as osteoporosis and osteoarthritis.  

 

Neither in sit to stand task nor in stand to sit task a significant difference between 

C-Leg and Power Knee regarding asymmetry of hip and knee moments and asym-

metry of ground reaction force were observed. However, it was concluded, that 

independent of the MPK, subjects still prefer to load mainly the sound side. This 

leads to a relatively high degree of asymmetry (Highsmith et al 2011). Similar results 

were reported by Wolf et al. (2013) for the sit to stand task. No difference in peak 

knee power generation on the intact limb between C -Leg and Power Knee could be 

measured. These results confirm that the largest part of the load is on the sound 

side. 

 

Highsmith, M. J. (2011). Kinetic asymmetry in transfemoral amputees while perform-

ing sit to stand and stand to sit movements. Gait & Posture, 34(1), 86Ì91. 

doi:10.1016/j.gaitpost.2011.03.018   

Wolf, E. J., Everding, V. Q., Linberg, A. A., Czerniecki, J. M., & Gambel, C. J. M. 

(2013). Comparison of the Power Knee and C -Leg during step -up and sit-to-stand 

tasks. Gait & Posture, 38(3), 397Ì402. doi:10.1016/j.gaitpost.2013.01.007   

 

ą Back to overview table  
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3 Summaries of individual studies  
 

 

On the following pages you find summaries of studies that researched C-Leg in comparison to other 

microprocessor controlled knee joints . You find detailed information about the study design, 

methods applied, results and major findings of the study. At the end of each summary you also can 

read the original study authorsÁ conclusions.   
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Thiele J, Westebbe B, Bellmann M, Kraft M.  

Medical Technology Group, Technical University Berlin, Berlin, Germany.  

Designs and performance of microprocessor-
controlled knee joints 
Biomedizinische Technik 2014; 59(1):65-77. 

 

C-Leg vs Orion, Pli é 2.0, Rel-K 

 

With C -Leg compared to Plié 2.0, Orion and Rel -K: 

ú Swing phase is initiated most easily.  

ú Dampening of the extension movement in stance phase is smoother than 

with Plié 2.0 and Rel -K which ensures a natural gait pattern.  

ú Maximum knee flexion angle in swing phase is the most constant which 

ensures toe clearance and therefore may reduce stumbling.  

ú Extension stop at the end of swing phase is reached reliably and therefore 

controlled positioning of the pr osthetic foot is allowed.  

 

Minimal external sagittal hip moment at swing phase initiation was measured when 

subjects walked at self-selected walking velocity. 

 

Subjects:  3 unilateral, transfemoral amputees 

Previous prosthesis: Genium 

Amputation causes: not reported 

Mean age: 39 yrs 

Mean time since amputation: 25 yrs 

MFCL:  K3 
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Interventional, multiple crossover trial:  

 

 

 

Activities Participation Environment 

Level  

walking  

Stairs  Ramps,  

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

energy 

consum p-

tion  

Safety  Activity, 

Mobility, 

ADLs 

Preference, 

Satisfa c-

tion, QoL  

Health 

economics  

 

Category  Outcomes  Results for C -Leg Sig.*  

Level Walking Self-selected walking 

velocity 

Subjects walked faster with C -Leg than with:  

Orion  

Rel-K 

Plié 2.0 

 

No difference in gait symmetry. 

 

++ 

++ 

+ 

 

0 

Motion Analysis Maximum knee flexion angle in swing phase: 

the least variation with C-Leg when walking at 

different velocities Ÿ optimal swing phase 

flexion control. 

 

Extension stop at the end of swing phase Ÿ 

allows for reproducible position of the foot:  

Mostly reached with C-Leg and Plié 2.0,  

Rarely reached with Orion and Rel-K. 

 

Smoothest dampening characteristics of the 

extension movement in stance phase with C-

Leg compared to:  

Plié 2.0  

Rel-K 

Orion 

 

Minima of external sagittal hip moment at 

swing phase initiation are smallest with C -

Leg  Ÿ most easy swing phase initiation 

n.a. 

 

 

 

 

n.a. 

 

 

 

 

 

 

 

++ 

++ 

+ 

 

++ 

Technical Analysis C-Leg, Orion and Rel -K are using a servo-

hydraulic valve that allows variation of the flex-

ion resistance. 

Plié2.0 allows switching between a lower man-

ual adjustable and a higher manually adjustable 

n.a. 

Study Design  

Results  

Genium 

Ē 30 min of  
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Category  Outcomes  Results for C -Leg Sig.*  

flexion resistance. 

Ö fg \a^^]j]f[] ÐûÑ¶ hgkalan] lj]f\ ÐĈÑ¶ f]_Ylan] lj]f\ ÐɊÑ¶ ka_fa^a[Yfl ÐĈĈÊɊɊÑ¶ fgl Yhhda[YZd] Ðf¹Y¹Ñ 

 

Â8al` l`] ea[jghjg[]kkgj-controlled knee joints compared in this study (C -Leg, Plié 

2.0, Orion, and Rel -K), differences in the quality of functions required for level wal k-

ing could be identified. The technical analyses of the functional principles showed 

that the differences in joint design and control corroborate those differences. The 

stance phase control is one of the central functions of prosthetic knee joints. While 

walking with stance flexion, the gait pattern appears more natural and the full 

ground contact of the foot is reached faster. The analysis of the knee angular accel-

eration showed that damping of the extension movement after stance phase flexion 

is significantly smoother with the C -Leg and the Orion joints than with the Plié 2.0 

and the Rel-K bgaflk¹ º 0oaf_ lg l`] dgo `ah ^d]pagf ege]fl l`Yl `Y\ lg Z] hjgna\]\ 

by the hip musculature, the swing phase could be initiated most easily at all walking 

velocities with C-Leg in comparison to all other tested joints. During swing phase 

flexion, significant differences in the maximum knee flexion angle were identified at 

the different walking velocities. C -Leg shows the least variation of the maximum 

knee flexion angle with increasing walking velocity, thus meeting the demand for 

optimal swing phase flexagf [gfljgd¹ º 3]Y[`af_ g^ l`] ]pl]fkagf klgh \mjaf_ l`] 

end of the swing phase allows reproducible positioning of the prosthetic foot. The 

extension stop was reached reliably with Plié 2.0 and C-Leg. The Orion and Rel-K 

joints more seldom reached the extefkagf klgh¶ ]kh][aYddq Yl ea\ n]dg[alq¹ º 5`] 

significant differences in function found in this study suggest that patientsǋ benefits 

may also vary remarkably between the devices tested. If there are significant differ-

ences between the MPKs in level walking, even more pronounced differences may 

be expected on more challenging terrains and in safety-j]d]nYfl kalmYlagfk¹ ºÃ 

(Thiele et al. 2014) 

ą Back to overview table  
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Wolf, EJ, Everding VQ, Linberg AA, Czernieck i JM, Gambel CJM.  

Walter Reed National Military Medical Center, Department of Orthopaedics and 

Rehabilitation, Bethesda, MD, USA.  

Comparison of the Power Knee and C-Leg during 
step-up and sit-to-stand tasks 
Gait Posture 2013; 38(3):397Ì402. 

 

C-Leg vs Power Knee  

 

With MPKs:  

ú Intact knee power generation is not reduced when amputees perform the 

sit -to -stand task. This results from amputees still preferring to load mainly 

the healthy side.  

 

 

Subjects:  10 unilateral, transfemoral amputees 

Previous prosthesis: C-Leg 

Amputation causes: not reported 

Mean age: 28.4 yrs (± 6.6 yrs) 

Mean time since amputation: 1.7 yrs (± 1.5 yrs) 

MFCL:  K3 (community ambulators) 

 

Interventional, single crossover design:  
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Activities Participation Environment 

Level  

walking  

Stairs  Ramps,  

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

energy 

consum p-

tion  

Safety  Activity, 

Mobility, 

ADLs 

Preference, 

Satisfa c-

tion, QoL  

Health 

economics  

 

Category  Outcomes  Results for C -Leg compared to Power Knee  Sig.*  

Activity, Mobility,  

Activities of daily living 

(ADLs) 

Motion Analysis Step-Up 

Task 

No differences 0 

Motion Analysis Sit-to-

Stand (STS) Task 

No difference in peak knee power development 

on the intact limb.  

Decreased peak knee power development 

on the amputated limb.  

 

Increased peak vertical ground reaction 

force of the intact limb.  

0 

 

Ɋ Ɋ 

 

 

Ɋ Ɋ 

Ö fg \a^^]j]f[] ÐûÑ¶ hgkalan] lj]f\ ÐĈÑ¶ f]_Ylan] lj]f\ ÐɊÑ¶ ka_fa^a[Yfl ÐĈĈÊɊɊÑ¶ fgl Yhhda[YZd] Ðf¹Y¹Ñ 

 

Â4mZb][lk mkaf_ l`] 1, Ð1go]j ,f]]Ñ _]f]jYl]\ egj] cf]] hgo]j l`Yf oal` l`] $-

Leg on their affected side during STS  (sit-to-stand) in addition to exhibiting more 

symmetrical knee power. Peak vertical GRFs (ground reaction forces) were d e-

creased for the intact limb for subjects using the Power Knee when compared to the 

C-Leg. These results support the second hypothesis that subjects would demon-

strate improved limb loading with the PK (Power Knee) versus the C-Leg. The re-

sults for the STS task also showed clear differences between the intact and ampu-

tated limbs, suggesting that subjects continued to favor the intact limb.  In spite of 

the power generating capacity of the PK (Power Knee) and significantly greater 

knee power symmetry compared to the C-Leg there was not a significant reduction 

in intact knee power generation. This indicates that users still heavily favor their 

aflY[l daeZ af h]j^gjeaf_ Yk 454 lYkc Yf\ eYq j]eYaf Yl jakc ^gj gn]jmk] afbmja]k¹Ã 

(Wolf et al. 2013) 

ą Back to overview table  
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Wolf EJ, Everding VQ, Linberg AL, Schnall BL, Czerniecki JM, Gambel JM.  

Walter Reed National Military Medical Center, Department of Orthopaedics and 

Rehabilitation, Bethesda, MD, USA.  

Assessment of transfemoral amputees using C-
Leg and Power Knee for ascending and 
descending inclines and steps 
Journal of Rehabilitation Research & Development 2012; 49(6):831Ì842. 

 

C-Leg vs Power Knee  

 

With C -Leg compared to Power Knee:  

ú During stair descent ankle power generation decreased on sound side 

based on increased loading of the prosthetic limb  

ú Step length when walking on ramps is increased on the prosthetic side 

and tends to be increased on the sound side  

ú Increased gait symmetry when descending a ramp  

 Shorter stance phase on the sound side  

 Longer stance phase on the prosthetic side  

ú Increased confidence  

 Gait speed during ramp descent and ascent as well as during stair descent 

 tends to be increased 

 

 

Subjects:  5 unilateral, transfemoral amputees 

Previous prosthesis: not reported 

Amputation causes: trauma 

Mean age: not reported 

Mean time since amputation: 2.5 yrs (± 1.6 yrs) 

MFCL:  K3 - K4 (medium to high daily activity levels) 
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Interventional, single crossover design:  

 

 

 

Activities Participation Environment 

Level  

walking  

Stairs  Ramps,  

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

energy 

consum p-

tion  

Safety  Activity, 

Mobility, 

ADLs 

Preference, 

Satisfa c-

tion, QoL  

Health 

economics  

 

Category  Outcomes  Results for C -Leg compared to Power Knee  

Descending  Sig.*  Ascending  Sig.*  

Stairs Gait speed Increased + Decreased Ɋ 

Sound side stance phase 

(% of gait cycle)  

Shorter + Longer Ɋ 

Prosthetic side stance 

phase (% of gait cycle)  

Longer + Longer + 

Peak ankle power gener-

ation on sound side 

Decreased  ++ Increased Ɋ 

Peak knee power absorp-

tion on sound side at 

early-stance phase 

No difference 0 Decreased + 

Peak knee power absorp-

tion on sound side at late-

stance phase 

Decreased + Increased  Ɋ Ɋ 

Peak hip power genera-

tion on sound side 

No difference 0 Decreased + 

Ramps, Hills Gait speed Increased + Increased + 

Stance phase on sound 

side (% of gait cycle)  

Shorter  ++ Shorter + 

Stance phase on pros-

thetic side (% of gait 

cycle) 

Longer  ++ Longer + 

Sound side step length  Increased + Increased + 

Prosthetic side step 

length 

Increased  ++ Increased  ++ 

Peak ankle power gener-

ation on sound side 

Decreased + Increased Ɋ 

Peak knee power absorp-

tion on sound side at 

early-stance phase 

No difference 0 Increased Ɋ 
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Category  Outcomes  Results for C -Leg compared to Power Knee  

Descending  Sig.*  Ascending  Sig.*  

Peak knee power absorp-

tion on sound side at late-

stance phase 

Increased Ɋ   

Peak hip power genera-

tion on sound side 

Decreased + Increased  Ɋ Ɋ 

* no difference (0), positive trend (+), f]_Ylan] lj]f\ ÐɊÑ¶ ka_fa^a[Yfl ÐĈĈÊɊɊÑ¶ fgl Yhhda[YZd] Ðf¹Y¹Ñ   

 

Â*f [gf[dmkagf¶ l`]j] o]j] ^mf[lagfYd \a^^]j]f[]k¶ Zgl` l]ehgjYd-spatial and kinetic, 

between the Power Knee (PK) and the C-Leg while ascending and descending 

ramps and stairs. The main functional differences occurred at the nondisabled and 

prosthetic knees during stair ascent, a result that was expected because of the 

design of the PK, which provides active propulsion. The PK was able to significantly 

reduce the power generated by the nondisabled knee while ascending stairs step-

over-step. The C-Leg required users to produce less ankle power generation on the 

nondisabled limb during stair descent. Also, C -Leg conditions resulted in temporal -

spatial differences that included increased speed (although not significant) and 

greater symmetry between the nondisabled and prosthetic limbs during ramp and 

stair descent. These data show that significantly more work is required by the non-

disabled limb while ascending stairs step -over-step with a prosthesis that does not 

provide active extension. The data also imply that technology as complex as a pow-

ered knee prosthesis may not yet be ideal and only provide a benefit over current 

cf]] mfalk \mjaf_ []jlYaf lYkck¹Ã Ð8gd^ ]l Yd¹ ýûüýÑ 

ą Back to overview table  
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Blumentritt S, Bellmann M.  

Otto Bock HealthCare GmbH, Research, Duderstadt, Germany  

Potentielle Sicherheit von aktuellen nicht-
mikroprozessor und mikroprozessor-gesteuerten 
Prothesenkniegelenken 
Orthopädie-Technik 2010; 61(11):788-799. 

 

C-Leg vs Rheo Knee and Adaptive2  

 

With C -Leg compared to Rheo Knee and Adaptive2: 

ú Highest safety potential for:  

 Abrupt stopping  

 Stumbling  

 Descending stairs  

ú No unsteady movements when stepping on an obstacle  

 

 

Subjects:  9 unilateral, transfemoral amputees and 2 unilateral, 

knee exarticulated amputees 

Previous prosthesis: not reported 

Amputation causes: not reported 

Mean age: 22Ɋ80 yrs 

Mean time since amputation: 3Ɋ62 yrs 

MFCL:  K3ɊK4 

 

not reported 

  

Safety Potential when Descending Stairs is highest with C -

Leg 

Adaptive2
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Activities Participation Environment 

Level  

walking  

Stairs  Ramps,  

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

energy 

consum p-

tion  

Safety  Activity, 

Mobility, 

ADLs 

Preference, 

Satisfa c-

tion, QoL  

Health 

economics  

Category  Outcomes  Results  Sig.*  

Stairs Descending Highest safety potential with C-Leg. 

 

C-Leg: Reliable resistance and reproducible 

knee angle. 

Rheo Knee: Variation in resistance and foot 

positioning.  

Adaptive2: Change of modi in an unreliable 

way and therefore high risk of falling. 

n.a. 

Safety Stopping  Highest safety potential with C-Leg. 

 

C-Leg: Subjects could stop at any time.  

Rheo Knee: Compensatory movements. 

Adaptive2: Risk of falling. 

n.a. 

Stepping on an obstacle  Without problems with C -Leg and Rheo Knee. 

 

Adaptive2: Risk of falling when stepping with 

heel. 

n.a. 

Stumbling Highest safety potential with C-Leg. 

 

C-Leg: Safe up to a disturbance at a knee 

angle of 45°. 

Rheo Knee: Safe up to disturbance at a knee 

angle of 35°. 

Adaptive2: A disturbance at a knee angle of 

12° leads to fall. 

n.a. 

Ö fg \a^^]j]f[] ÐûÑ¶ hgkalan] lj]f\ ÐĈÑ¶ f]_Ylan] lj]f\ ÐɊÑ¶ ka_fa^a[Yfl ÐĈĈÊɊɊÑ¶ fgl Yhhda[YZd] Ðf¹Y¹Ñ 

 

Â5`] j]kmdlk k`go [d]Yjdq Y reduced risk of falling and getting injured with the most 

microprocessor controlled knee prostheses compared to non -microprocessor co n-

trolled knee prostheses. Stumbling with a load dependent mechanism as well as 

with a polycentric mechanism has a higher risk of falling. There is a high variation of 

potential security between the microprocessor controlled knee prostheses. The 

study demonstrated that C-Leg provides the highest security and is therefore the 

Z]kl [gf\alagf lg hj]n]fl ^Yddk Yf\ afbmja]k¹Ã Ð#dme]ntritt et al. 2010) 

ą Back to overview table  

  

Results  

"ml`gjÁk $gf[dmkagf 



 

C-Leg in comparison to other microprocessor controlled knees   Ì Clinical Study Summaries 2 October 2015_v2.0 27 of 42 

 

 

Highsmith MJ, Kahle JT, Carey SL, Lura DJ, Dubey RV, Csavina KR, Quillen WS. 

University of South Florida, School of Physical Therapy & Rehabilitation Sciences, 

Tampa, FL, USA. 

Kinetic asymmetry in transfemoral amputees 
while performing sit to stand and stand to sit 
movements 
Gait Posture 2011; 34(1):86-91. 

 

C-Leg vs Power Knee  

 

With MPCKs:  

ú Independent of MPK, amputees still prefer to load mainly the healthy side 

during sit to stand and stand to sit task which leads to a high degree of 

asymmetry.  

 

Degree of asymmetry for the knee moment was determined by the difference of the 

ground reaction force between sound side and prosthetic side.  

 

Subjects:  21 unilateral, transfemoral amputees 

Previous prosthesis: C-Leg or Power Knee 

Amputation causes: 52% trauma, 14% sarcoma, 14% vascular, 10% 

vascular and diabetes, 5% diabetes, 5% congenital  

Mean age: 45.7 yrs (±14.9 yrs) 

Mean time since amputation: 14.6 yrs (±13.7 yrs) 

MFCL:  10% K2, 76% K3, 14% K4  
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Cross-sectional study design: 

 

Subjects were included when no prosthetic adjustment was conducted up to 90 

days before data collection.  

 

 

Activities Participation Environment 

Level  

walking  

Stairs  Ramps,  

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

energy 

consum p-

tion  

Safety  Activity, 

Mobility, 

ADLs 

Preference, 

Satisfa c-

tion, QoL  

Health 

economics  

 

Category  Outcomes  Results for C -Leg compared to Power Knee  Sig.*  

Activity, Mobility,  

Activities of daily living 

(ADLs) 

Motion Analysis  

Sit to stand 

No difference in time to complete task. 

 

No difference in degree of asymmetry in 

ground reaction force (GRF).  

 

No difference in hip moment asymmetry, hip 

moment on sound side as well as side hip mo-

ments. 

 

No difference in knee moment asymmetry and 

knee moment on sound side. 

0 

 

0 

 

 

0 

 

 

 

0 

 

Motion Analysis 

Stand to sit 

No difference in time to complete task.  

 

No difference in degree of asymmetry in 

ground reaction force (GRF).  

 

No difference in hip moment asymmetry, hip 

moment on sound side as well as side hip mo-

ments. 

 

No difference in knee moment asymmetry and 

knee moment on sound side and prosthetic 

side. 

0 

 

0 

 

 

0 

 

 

 

0 

Ö fg \a^^]j]f[] ÐûÑ¶ hgkalan] lj]f\ ÐĈÑ¶ f]_Ylan] lj]f\ ÐɊÑ¶ ka_fa^a[Yfl ÐĈĈÊɊɊÑ¶ fgl Yhhda[YZd] Ðf¹Y¹Ñ 

 

Â5jYfk^]egjYd Yehml]]k Yj] able to sit and stand at rates comparable to healthy 

control subjects and sitting down takes more time than it does to stand up. Tran s-

femoral amputees do not load their prosthesis extensively for standing up or sitting 

down making this transitional movement a one-legged task which probably increa s-

es risk of injury or accelerated degeneration to the sound limb. On average the 

power knee did not assist this group in standing up. In fact, its control strategy 

seems better suited to facilitate enhanced symmetry in sitting down. The power 

Study Design  

Results  
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knee has the potential, by way of an extension assist feature, to facilitate enhanced 

symmetry for rising to stand. All three knees studied have the potential, by way of 

flexion damping stance control to assist with sitting down . These features were not 

optimally utilized possibly due to issues such as a lack of training or practice, di s-

trust or improper settings despite the fact that all participants were accommodated 

to their respective prosthesis. Although the differences betw een knee groups were 

generally not statistically significant, differences may be clinically meaningful on an 

individual basis. Additional research is warranted to assist in determining what ci r-

cumstances (e.g., user attributes, training techniques, etc.) m aximally improve 

transfer performance in transfemoral amputees. The flexion damping feature of 

prosthetic knees is of high relevance regarding safety, and therefore this stand to sit 

egn]e]fl [gmd\ Z]f]^al ^jge ^mjl`]j klm\q¹Ã Ð)a_`keal` ]l Yd¹ ýûüüÑ 
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Bellmann M, Schmalz T, Blumentritt S.  

Department of Research, Otto Bock HealthCare, Duderstadt, Germany.  

Comparative biomechanical analysis of current 
microprocessor-controlled prosthetic knee joints 
Archives of physical medicine and rehabilitation 2010; 91(4):644Ì652. 

 

C-Leg vs Hybrid Knee, Adaptive2, Rheo Knee  

 

With C -Leg compared to other MPCKs:  

ú Increased safety potential  

ú Loading of the contralateral side decreased during stair and ramp descent  

ú Subjects are less dependent on handrails in stair or ramp descent  

ú Safe weight acceptance in stair descent  

ú Most suitable design for swing phase control through progressive flexion 

and extension damping  

 

 

Subjects:  9 unilateral, transfemoral amputees 

Previous prosthesis: C-Leg 

Amputation causes: 78% trauma, 22% osteosarcoma  

Mean age: 35.4 yrs (± 11 yrs) 

Mean time since amputation: 17.4 yrs (± 9.2 yrs) 

MFCL:  K3 - K4 
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Interventional, randomized double-crossover design:  

 

The study was conducted in two phases: First C -Leg and Hybrid Knee were inves-

tigated, followed by Adaptive2 and Rheo Knee a year later. The subjects used previ-

ously all prostheses successfully therefore 2 hours were sufficient to familiarize with 

the test prosthesis. 

 

 

Activities Participation Environment 

Level  

walking  

Stairs  Ramps,  

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

energy 

consum p-

tion  

Safety  Activity, 

Mobility, 

ADLs 

Preference, 

Satisfa c-

tion, QoL  

Health 

economics  

 

Category  Outcomes  Results for C -Leg  Sig.*  

Level Walking Motion analysis Increased walking velocity at self -selected 

and fast walking speed compared to H y-

brid Knee  

 

Most constant maximum knee flexion angle in 

swing phase when walking at varying gait 

speeds. 

 

Knee angle velocity in swing phase exte n-

sion movement slower compared to Hybrid 

Knee and faster compared to Rheo Knee.  

 

Trend for lowest external sagittal hip moments 

during pr e-swing phase on prosthetic side.  

++ 

 

 

 

n.a. 

 

 

 

++ 

 

 

 

+ 

Stairs Motion analysis  

descending 

Highest maximum knee flexion moments 

on prosthetic side.  

 

Only prosthesis which was not slightly flexed 

prior to stair contact.  

 

Decreased thigh segment movement on 

prosthetic side compared to Rheo Knee 

and Adaptive2.  

 

Decreased maximum vertical ground rea c-

tion forces on contralateral side compared 

to Adaptive2.  

 

Lowest percentage of subjects using the hand-

rail: 

44% with C -Leg 

++ 

 

 

n.a. 

 

 

++ 

 

 

 

++ 

 

 

 

n.a. 
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Category  Outcomes  Results for C -Leg  Sig.*  

56% with Hybrid Knee 

78% with Rheo Knee  

100% with Adaptive2.  

Ramps, Hills Motion analysis 

descending 

Increased maximum knee flexion moments 

on prosthetic side compared to Rheo Knee 

and Adaptive2.  

 

Trend for lowest maximum vertical ground reac-

tion forces on contralateral side.  

 

Lowest percentage of subjects using the hand-

rail: 

22% with C -Leg 

44% with Hybrid Knee  

78% with Rheo Knee  

100% with Adaptive2.  

++ 

 

 

 

+ 

 

 

n.a. 

Metabolic energy  

consumption 

Metabolic energy con-

sumption 

Energy consumption at self -selected wal k-

ing velocity decreased by 5% compared to 

Rheo Knee.  

++ 

Safety Stopping  Without problems with C -Leg and Hybrid 

Knee. 

 

Increased compensatory movements with Rheo 

Knee. 

 

Incidental knee joint collapse with Adaptive2.  

n.a. 

Sidestepping  Without problems with C -Leg and Hybrid 

Knee. 

 

Increased compensatory movements with Rheo 

Knee. 

 

Incidental knee joint collapse with Adaptive2.  

n.a. 

Stepping onto an obsta-

cle 

Without problems with all MPCKs.  n.a. 

Stumbling Interruption of swing extension movement at 

10° and 35° knee angle: 

Without problems with C -Leg 

Increased compensatory movements or una-

voidable falls with Hybrid Knee, Rheo Knee 

and Adaptive2. 

 

Stronger knee extension after interruption by 

stumbling:  

Permitted with C -Leg. 

 

Flexed prosthesis under weight-bearing load:  

C-Leg only collapsed at a knee flexion angle 

higher than 30°. 

Strong compensatory movements required or 

subject fell at less than 30° with Hybrid Knee, 

Rheo Knee and Adaptive2. 

n.a. 

* no difference (0), hgkalan] lj]f\ ÐĈÑ¶ f]_Ylan] lj]f\ ÐɊÑ¶ ka_fa^a[Yfl ÐĈĈÊɊɊÑ¶ fgl Yhhda[YZd] Ðf¹Y¹Ñ 
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Â5`] j]kmdlk ^jge l`ak klm\q \]egfkljYl] l`Yl l`] [dafa[Yd ^mf[lagfk hjgna\]\ Zq l`] 

investigated electronic prosthetic knee joints differ considerably . The C-Leg with an 

integrated microprocessor-controlled linear hydraulic system in combination with its 

control algorithm appears to offer the subject with amputation greater functional and 

safety-related advantages than the other tested knee joints. Reduced loading of the 

contralateral side when using the C-Leg has been demonstrated during ramp and 

stair descent. Despite the documented functional differences, it should be noted 

that metabolic energy consumption does not vary significantly between the tested 

knees. Hence, this parameter seems not to be a suitable criterion for assessing 

ea[jghjg[]kkgj [gfljgdd]\ cf]] [gehgf]flk¹Ã Ð#]ddeYff ]l Yd¹ ýûüûÑ 

ą Back to overview table  
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Bellmann M, Schmalz T, Blumentritt  S. 

Otto Bock HealthCare GmbH, Biomechanics Research, Duderstadt, Germany.  

Functional Principles of Current Microprocessor-
Controlled Prosthetic Knee Joints 
Orthopädie-Technik 2009; 60(5):297-303. 

 

C-Leg vs Rheo Knee, Adaptive2, Hybrid Knee (= Syn ergy)  

 

With C -Leg compared to other MPKs:  

ú Reduced risk of falling based on immediate loading response  

ú Safe stair descent due to appropriate foot position  

ú Most consistent maximum knee angle among different walking velocities  

 

 

Subjects:  9 unilateral, transfemoral amputees 

Previous prosthesis: not reported 

Amputation causes: not reported 

Mean age: not reported 

Mean time since amputation: not reported 

MFCL:  not reported 

 

Information gathered from both trial and final fittings.  
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Maximum knee angle is the most constant with C -Leg 
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Activities Participation Environment 

Level  

walking  

Stairs  Ramps,  

Hills  

Uneven 

ground, 

Obstacles  

Cognitive 

demand  

Metabolic 

energy 

consum p-

tion  

Safety  Activity, 

Mobility, 

ADLs 

Preference, 

Satisfa c-

tion, QoL  

Health 

economics  

 

Category  Outcomes  Results for C -Leg Sig.*  

Level Walking Swing phase control  Resistance parameters can be adjusted in near 

real time with C-Leg and Rheo Knee. 

The stop at the end of the extension movement 

is damped progressively with C -Leg and Rheo 

Knee. 

 

The maximum knee angle in swing phase is the 

most constant over different gait speeds with 

C-Leg. 

n.a. 

Stairs Extension support in 

swing phase during d e-

scending 

C-Leg showed a reliable extension support and 

therefore allows for an appropriate positioning 

of the foot on the step. 

 

Hybrid Knee and Adaptive2 cannot make use 

of the extension support. Rheo Knee delayed 

the slow extension movement even further. 

Ÿ Movement of the knee immediately prior to 

positioning the foot.  

Ÿ Impression of instability and insecurity.  

n.a. 

Stance phase flexion 

resistance during de-

scending 

Sufficiently high resistance levels that come 

very close to the physiological pattern are pro-

vided with C -Leg and Hybrid Knee.  

 

Transition between hydraulic resistance for 

flexion under 35° and pneumatic resistance 

occurs very abruptly with Adaptive 2. 

Ÿ Hard heal strike on the contralateral side.  

 

With Rheo Knee the stance phase flexion re-

sistance depends on the axial load. 

Ÿ Stepping cautiously results in low r e-

sistance. 

Ÿ Increased security. 

n.a. 

Safety Stepping on an obstacle  High stance phase flexion resistance is already 

activated when stepping on an obstacle with 

C-Leg. 

 

System is switching to high stance phase flex-

ion resistance at initial ground contact with 

Hybrid Knee and Rheo Knee. 

 

System does not switch immediately to flexion 

resistance at ground contact with Adaptive2.  

Ÿ Prosthesis might collapse.  

n.a. 

Stopping  High resistance is already activated prior to 

ground contact with C -Leg. 

n.a. 

Results  
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Category  Outcomes  Results for C -Leg Sig.*  

Ÿ Loading of the prosthesis possible at any 

time. 

 

System switches to low resistance when load-

ed cautiously with Rheo Knee. 

 

System may not switch at all to high resistance 

with Adaptive2. 

Stumbling After a slight extension movement, the flexed 

prosthesis can be loaded at any time with C-

Leg and is therefore the safest. 

 

System first needs to be switched into high 

dampened flexion mode after disruption with 

Rheo Knee, Hybrid Knee and Adaptive2. 

Hybrid Knee: Switches to high stance phase 

resistance after disruption. If the subject co n-

tinues with the routine pattern, the prosthesis 

switches back to low swing phase resistance 

and therefore may collapse. 

Adaptive2: Collapse if the disruption occurs at 

an early stage of swing phase. 

Rheo Knee: Switches to both high flexion and 

extension resistance after disruption. If the 

subject continues with the routine pattern, the 

prosthesis is moved backwards with the foot 

shifted in posterior direction. This poses the 

risk of slipping.  

n.a. 

Ö fg \a^^]j]f[] ÐûÑ¶ hgkalan] lj]f\ ÐĈÑ¶ f]_Ylan] lj]f\ ÐɊÑ¶ ka_fa^a[Yfl ÐĈĈÊɊɊÑ¶ fgl Yhhda[YZd] Ðf¹Y¹Ñ 

 

Â'gj hjY[la[Yd mk]¶ l`] ea[jghjg[]kkgj- controlled knee joints presented in this art i-

cle provide a varying range of features, which can be attributed to the differences in 

their technical implementation. What is crucial is not only the design for generating 

internal joint resistance levels but also the principles of switching between high and 

low flexion resistance values. The C-Leg provides functional benefits in many every-

day situations. This is due to the fact that the required resistances are activated by a 

reliable, easy-to-use switching and sensor system. Its pre-set stance phase re-

sistance provides the amputee with the best possible technical prerequisites to 

prevent falling, especialdq af [jala[Yd kalmYlagfk l`Yl j]imaj] [gehd]p eglgj Y[lanalq¹Ã 

(Bellmann et al. 2009) 
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agawa A. 

Hyogo Rehabilitation Center, Akebono-Cho, Nishi -Ku, Kobe, Japan. 

Comparison of different microprocessor 
controlled knee joints on the energy consumption 
during walking in trans -femoral amputees: 
Intelligent Knee Prosthesis (IP) versus C-Leg 
Prosthetics and Ortho tics International 2006; 30(1):73Ì80. 

 

C-Leg vs Intelligent Prosthesis (IP)  

 

With C -Leg compared to Intelligent Prosthesis (IP):  

ú Oxygen uptake tends to be reduced by up to 6.5% while walking at diffe r-

ent speeds.  

 

Oxygen uptake measured at different walking speeds (30, 50, 70 and 90 m/min).  

 

Subjects:  4 unilateral, transfemoral amputees 

Previous prosthesis: Intelligent Prosthesis (IP)  

Amputation causes: 75% trauma, 25% tumour  

Mean age: 24 yrs (± 7.6 yrs) 

Mean time since amputation: not reported 

MFCL:  K3 (active in society) 

 

Interventional, pre- to post-test design: 

 

After fitting with C -Leg, subjects was given acclimatisation time to get  familiar with 

the new prosthesis. 
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