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C-Leg in limited  
community ambulators (Mobis 2) 

 

 

Clinical Study Summaries 
 

 

This document summarizes clinical studies conducted with the C-Leg in patients with lower mobility grade. The included 

studies were identified by a literature search made on PubMed and within the journals Der Orthopäde, JPO Journal of 

Prosthetics and Orthotics, Orthopädie-Technik and Technology & Innovation. 
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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 

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

category 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 
Level  

walking 
Stairs 

Ramps, 

Hills 

Uneven 

ground 

Obstacles 

Cognitive 

demand 

Metabolic 

Energy  

Consumption 

Safety 

Activity 

Mobility 

ADL 

Preference 

Satisfaction 

QoL 

Health  

economics 

Hahn 2015 x    x  x x   

Kannenberg* 2014 x x x x x  x x x  

Eberly 2013 x                   

Burnfield  2012    x       x   x   

Theeven 2012               x x   

Theeven 2011               x x   

Hafner  2009   x x x x   x x x   

Drerup 2008             x x x   

Kahle  2008 x x   x     x x x   

Wetz  2005 x             x     

Total number 5 3 3 3 3 0 6 8 7 0 

* Review article 
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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 and C-Leg Compact compared to NMPKs: 

 Improved self-selected and fast walking velocity by up to 20% 

 Cadence increased by up to 10% 

 Stride length increased by up to 14%  

 Subjects trust to load prosthesis more 

 Knee flexion moments in terminal stance phase increased by 200% for free 

 walking and by 350% for fast walking 

 Peak power generation at the ankle in pre-swing phase increased by 109% 

 for fast walking 

 Reduced anterior tilt of pelvis during stance phase 

 

Self-selected walking speed (SSWS) and fastest possible walking speed (FPWS) 

was measured over 75 meters and 6 meters (Kahle et al. 2008). 

 

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, the participa-

tion and, therefore, general quality of life. Furthermore, a natural gait pattern is pur-

sued since it prevents the sound side from higher or inappropriate loads due to 

compensatory movements. 

 

The fastest possible walking speed measured over 75 meters increased with C-Leg 

compared to NMPKs in K2 subjects by 14%. Furthermore, self-selected walking 

speed measured over 75 m and fastest possible walking speed measured over 6 

meters tended to be increased (Kahle et al. 2008). A later study found that walking 

speed increased by 20% in both self-selected and fast speed with C-Leg Compact 

compared to NMPKs. The improvements result from an increase in stride length and 

by an increase in cadence (Eberly et al. 2013).  

Wetz et al. (2005) conducted a motion analysis when subjects used NMPKs and C-

Leg. They found that the improvements differ between mobility grades. K2 subjects 

mainly benefit from a reduction of hip and knee extension moments, reduction of 

asymmetry as well as improvement of step length (Wetz et al. (2005). Furthermore, 

knee flexion moments in terminal stance phase increased by 200% for free walking 

and by 350% for fast walking, and peak power generation in pre-swing phase at the 

ankle increased by 109% for fast walking with C-Leg Compact compared to 
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NMPKs (Eberly et al. 2013) resulting from subjects’ improved trust to load their 

prosthesis to a higher extent when releasing swing phase. Anterior tilt of pelvis is 

reduced in stance phase with C-Leg Compact due to an increase in thigh and hip 

extension angles during stance phase (Eberly et al. 2013). 

 

Eberly, V. J., Mulroy, S. J., Gronley, J. K., Perry, J., Yule, W. J., & Burnfield, J. M. 

(2013). Impact of a stance phase microprocessor-controlled knee prosthesis on 

level walking in lower functioning individuals with a transfemoral amputation. Pros-

thetics and Orthotics International. doi:10.1177/0309364613506912   

Kahle, J. T., Highsmith, M. J., & Hubbard, S. L. (2008). Comparison of nonmicro-

processor knee mechanism versus C-Leg on Prosthesis Evaluation Questionnaire, 

stumbles, falls, walking tests, stair descent, and knee preference. The Journal of 

Rehabilitation Research and Development, 45(1), 1–14. 

Wetz, H. H., Hafkemeyer, U., & Drerup, B. (2005). Einfluss des C-Leg-Kniegelenk-

Passteiles der Fa. Otto Bock auf die Versorgungsqualität Oberschenkelamputierter. 

Der Orthopäde, 34(4), 298–319. doi:10.1007/s00132-005-0783-z   

 Back to overview table 

  

References of 

summarized studies 
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Stairs 
 

With C-Leg and C-Leg Compact compared to NMPKs: 

 Improvements in stair descent mobility  

Stair Assessment Index (SAI) score improved from 3.3 to 9 (173% in-

crease) 

 67% of subjects improved in stair descent performance 

 

Stair mobility was assessed by the stair assessment index (SAI). The score ranges 

from 1-13 depending on the chosen strategy and the hand rail use. 13 points repre-

sent the maximum score. (Hafner et al. 2009) 

 

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. Stair ascent and descent can be assessed by the Stair As-

sessment Index (SAI) for which subjects are scored for functional independence of 

assistive device and hand rail as well as for technique using a 14 level scale.   

 

The Stair Assessement Index (SAI) score for stair descent improved with the transi-

tion from NMPKs to C-Leg in K2 subjects by 173% from 3.3 to 9 points. 3 points 

represent a ‘step-to pattern with hand rail use’, whereas 9 points represent a ‘skip-

ping pattern without rail or assistive device use’ (Hafner et al. 2009). 

The improvement in stair descent mobility was additionally confirmed with the Mon-

treal Rehabilitation Performance Profile where 67% of K2 subjects improved their 

stair descent performance (Kahle et al. 2008). 

 

Hafner, B. J., & Smith, D. G. (2009). Differences in function and safety between 

Medicare Functional Classification Level-2 and -3 transfemoral amputees and influ-

ence of prosthetic knee joint control. The Journal of Rehabilitation Research and 

Development, 46(3), 417–433. 

Kahle, J. T., Highsmith, M. J., & Hubbard, S. L. (2008). Comparison of nonmicro-

processor knee mechanism versus C-Leg on Prosthesis Evaluation Questionnaire, 

stumbles, falls, walking tests, stair descent, and knee preference. The Journal of 

Rehabilitation Research and Development, 45(1), 1–14. 

 Back to overview table 
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Ramps 
 

With C-Leg compared to NMPKs: 

 Improved walking velocity during ramp ambulation 

 Walking velocity increased by 28% during ramp ascent 

 Walking velocity increased by 36% during ramp descent 

 Improved ramp descent mobility 

 Hill assessment index score improved from 5.4 to 7.5 (39% increase) 

 More symmetrical gait pattern during ramp ambulation 

Duration of single limb support phase on prosthetic side increased by 17% 

during ascent and descent 

 Reduced anterior tilt of pelvis during stance phase 

 

Each participant ascended and descended a 6.1 m ramp (12° slope) at their self-

selected speed using their customary walking aid (Burnfield et al. 2012) 

 

Similar to stairs, ramps and hills need to be navigated by amputees to be able to 

ambulate in the community and participate in daily life. Biomechanical assessment 

was conducted to determine joint angles and moments. The goal of prosthetic fitting 

is to try to allow for a natural gait pattern, which includes symmetrical gait character-

istics and a loading distributed between the two limbs as even as possible. The 

ramp mobility is assessed by evaluating the walking speed as well as the depend-

ence on hand rail and the chosen pattern by the Hill Assessment Index (HAI). 

 

The Hill assessment index (HAI) score for hill descent improved in K2 subjects from 

5.4 to 7.5 points with C-Leg compared to NMPKs, where 5 points stand for ‘step a 

little past with assistive device use’ and 8 points  stand for ‘step-to-step pattern 

without assistive device use’ (Hafner et al. 2009).  

Additionally to the HAI, time required to descent a hill was investigated. Walking 

velocity increased with C-Leg Compact by 28% for ramp ascent and by 36% for 

ramp descent compared to NMPKs, both due to increased stride length and ca-

dence. Furthermore, the duration of single limb support on the prosthetic side in-

creased both during ramp ascent and descent and therefore with C-Leg Compact a 

more symmetrical gait pattern is achieved compared to NMPKs (Burnfield et al. 

2012).  
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The anterior tilt of the pelvis was reduced in K2 subjects with C-Leg Compact com-

pared to NMPKs as measured by increased hip and thigh extension on the sound 

side during single limb support phase during ramp ascent and descent (Burnfield et 

al. 2012). 

 

Burnfield, J. M., Eberly, V. J., Gronely, J. K., Perry, J., Yule, W. J., & Mulroy, S. J. 

(2012). Impact of stance phase microprocessor-controlled knee prosthesis on ramp 

negotiation and community walking function in K2 level transfemoral amputees. 

Prosthetics and Orthotics International, 36(1), 95–104. 

doi:10.1177/0309364611431611   

Hafner, B. J., & Smith, D. G. (2009). Differences in function and safety between 

Medicare Functional Classification Level-2 and -3 transfemoral amputees and influ-

ence of prosthetic knee joint control. The Journal of Rehabilitation Research and 

Development, 46(3), 417–433. 

 Back to overview table 

  

References of 

summarized studies 
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Uneven ground, Obstacles 
 

With C-Leg compared to NMPKs: 

 Walking velocity on obstacle course improved by 11% 

 Walking velocity on uneven terrain improved by 20% 

 

Walking velocity was measured on an obstacle course over grass, wood chips, 

sand, a cement ramp, and cement stairs (Hafner et al. 2009). 

 

Walking on uneven ground is needed in daily living when walking over different 

surface types, such as carpeted, wooden or tiled flooring or different kinds of stairs, 

ramps or other obstacles and can pose a potential safety risk. In addition, it is also a 

prerequisite for community ambulators. It requires different gait biomechanics than 

walking on level ground. A preferred instrument to investigate the ability to walk on 

uneven ground is measuring the time needed to navigate through an obstacle 

course and therefore to determine walking velocity. 

 

The fastest possible walking speed (FPWS) during 38 meters on uneven terrain 

increased with C-Leg in K2 subjects by 20% compared to NMPKs (Kahle et al. 
2008). These findings were confirmed by results of an obstacle course over grass, 

wood chips, sand, a cement ramp, and cement stairs. Walking velocity in K2 sub-

jects increased by 11% with C-Leg compared to NMPKs (Hafner et al. 2009). 

 

Hafner, B. J., & Smith, D. G. (2009). Differences in function and safety between 

Medicare Functional Classification Level-2 and -3 transfemoral amputees and influ-

ence of prosthetic knee joint control. The Journal of Rehabilitation Research and 

Development, 46(3), 417–433. 

Kahle, J. T., Highsmith, M. J., & Hubbard, S. L. (2008). Comparison of nonmicro-

processor knee mechanism versus C-Leg on Prosthesis Evaluation Questionnaire, 

stumbles, falls, walking tests, stair descent, and knee preference. The Journal of 

Rehabilitation Research and Development, 45(1), 1–14. 

 Back to overview table 
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Safety 
 

With C-Leg compared to NMPKs: 

 Decreased risk of falling 

 Time required to complete timed up and go (TUG) test decreased by 38% 

 Improved safety 

 Number of uncontrolled falls decreased by 80% 

 Self-reported falling decreased by 81% 

 Improved balance confidence 

 Activities-specific balance confidence scale (ABC) score increased by 26% 

 

K2 subjects self-assessed the number of falls and stumbles in the last 60 days 

(Kahle et al. 2008). 

 

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-

putee, prosthesis use and overall ambulation and activity. Information about safety is 

gathered through assessing the self-reported stumbles and falls over a certain peri-

od of time as well through test for balance confidence and the risk of falling.   

 

Due to transition from NMPKs to C-Leg, self-reported falling decreased by 81% in 

K2 subjects (Kahle et al. 2008). Similar results were found by Hafner et al. (2009). 

The number of uncontrolled falls decreased by 80% in K2 subjects with C-Leg 

compared to NMPKs (Drerup et al. 2008). 

The time required to complete the timed up and go (TUG) test decreased with the 

transition from NMPKs to C-Leg Compact by 38% from 17.7 to 24.5 seconds 

(Burnfield et al. 2012). The risk of falling in transtibial amputees is decreased when 

the required time to complete the TUG lies under 19s (Dite et al. 2007). 

Balance was assessed by the activities-specific balance confidence (ABC) scale. 

With the transition from NMPKs to C-Leg Compact, the ABC score increased in K2 

subjects by 26% (Burnfield et al. 2012). 

 

Burnfield, J. M., Eberly, V. J., Gronely, J. K., Perry, J., Yule, W. J., & Mulroy, S. J. 

(2012). Impact of stance phase microprocessor-controlled knee prosthesis on ramp 

negotiation and community walking function in K2 level transfemoral amputees. 
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Prosthetics and Orthotics International, 36(1), 95–104. 

doi:10.1177/0309364611431611   

Drerup, B., Wetz, H. H., Bitterle, K., & Schmidt, R. (2008). Langzeitergebnisse mit 

dem C-Leg - Ergebnisse einer retrospektiven Studie: Long Term Results with the C-

Leg - Results of a Retrospective Study. Orthopädie-Technik, 3, 169–174. 

Hafner, B. J., & Smith, D. G. (2009). Differences in function and safety between 

Medicare Functional Classification Level-2 and -3 transfemoral amputees and influ-

ence of prosthetic knee joint control. The Journal of Rehabilitation Research and 

Development, 46(3), 417–433. 

Kahle, J. T., Highsmith, M. J., & Hubbard, S. L. (2008). Comparison of nonmicro-

processor knee mechanism versus C-Leg on Prosthesis Evaluation Questionnaire, 

stumbles, falls, walking tests, stair descent, and knee preference. The Journal of 

Rehabilitation Research and Development, 45(1), 1–14. 

 

Dite, W., Connor, H. J., & Curtis, H. C. (2007). Clinical Identification of Multiple 

Fall Risk Early After Unilateral Transtibial Amputation. Archives of physical medicine 

and rehabilitation, 88(1), 109–114. doi:10.1016/j.apmr.2006.10.015   

 Back to overview table 
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Activity, Mobility, Activities of daily living (ADLs) 
 

With C-Leg and C-Leg Compact compared to NMPKs: 

 Improvements in daily activity performance 

 Standing activities requiring adequate balance were performed 11% faster 

 with C-Leg and 7.7% faster with C-Leg Compact 

 Difficulty of performing activities requiring sitting down and standing up 

 decreased by 33% with C-Leg 

 Difficulty of performing activities depending heavily on patient’s prosthesis-

 related skills decreased by 30% with C-Leg 

 Improvements in mobility 

 90% of subjects improved in perceived safety 

 90% of subjects improved in variation of waking velocities   

 74% of subjects improved in cognitive tasks  

 68% of subjects reduced their effort to walk  

 58% of subjects improved in unloading of the intact limb 

 About 50% of subjects improved to MFCL K3 

 

Standing activities requiring an adequate degree of balance included supermarket 

(easy, moderate, difficult), shopping bags, kitchen cabinets and hanging laundry. 

The subgroups low, intermediate and high were determined based on self-selected 

walking speed, total activity level and additional clinical information about the partic-

ipant (e.g. past medical history, psychosocial status and current physical condition). 

(Theeven et al. 2011) 

 

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

amputees. An increased grade of mobility is crucial to reach a satisfying quality of 

life. Activities of daily living (ADLs) include self-care activities such as functional 

mobility, dressing, eating and personal hygiene as well as activities to individual live 

independently in a community as shopping, housework and transportation. Tools 

such as step monitors may be used to measure overall activity of study participants. 

The MFCL (Medicare Functional Classification Level) gives information about the 

ambulation skills of a patient and can be assessed subjectively. 
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The assessment of daily activity performance in transfemoral amputees test 

(ADAPT) is divided in three subsets: standing activities, activities requiring sitting 

down and standing up, and activities depending heavily on patient’s prosthesis-

related skills. Theeven et al. (2011) investigated activities of daily living (ADLs) by 

applying the ADAPT. K2 subjects were split in three groups (low, intermediate and 

high) depending on the self-selected walking speed, total activity level and addition-

al clinical information about the participant. Regarding the transition from NMPKs to 

C-Leg, the highest improvements were found in intermediate K2 subjects; time to 

complete standing activities decreased by 14% and time to complete activities re-

quiring sitting down and standing up decreased by 8.3%. High K2 subjects re-

duced the time required to complete standing activities with C-Leg compared to 

NMPKs by 6.4%. Regarding the total K2 group, the perceived difficulty to perform 

activities requiring sitting down and standing decreased by 33% and difficulty to 

perform activities depending heavily on patient’s prosthesis related skills decreased 

by 30% with C-Leg compared to NMPKs. Furthermore, time required to complete 

standing activities decreased with C-Leg by 11%. Regarding C-Leg Compact, high 

K2 subjects profited the most from the transition from NMPKs to C-Leg Compact. 

Time to complete standing activities decreased by 8.5% and time to complete activi-

ties depending heavily on patient’s prosthesis-related skills decreased by 12% with 

C-Leg Compact compared to NMPKs in high K2 subjects. For the total K2 group, 

time required to complete standing activities decreased by 7.7% with C-Leg Com-

pact compared to NMPKs (Theeven et al. 2011). 

Changes in mobility due to transition from NMPKs to C-Leg were assessed by pa-

tient interviews. It was found that the major improvements differ between mobility 

grades. K2 subjects profit mainly in the domains safety, unloading of the intact limb, 

cognitive tasks and reduced effort to walk (Wetz et al. 2005). A similar study was 

published by Drerup et al. (2008). They confirmed that the major benefit of C-Leg 

for K2 subjects is found in perceived safety (improved in 90% of subjects). Addi-

tionally, 90% of K2 subjects profit from C-Leg compared to NMPKs regarding im-

proved variation of walking velocity.  

4 of the 8 K2 subjects included in the study from Hafner et al. (2009) improved their 

mobility grade from K2 with NMPKs to K3 with C-Leg. Similar results were found by 

another study; 4 out of 9 K2 subjects improved to K3 due to the transition from 

NMPKs to C-Leg (Kahle et al. 2008). 

 

Drerup, B., Wetz, H. H., Bitterle, K., & Schmidt, R. (2008). Langzeitergebnisse mit 

dem C-Leg - Ergebnisse einer retrospektiven Studie: Long Term Results with the C-

Leg - Results of a Retrospective Study. Orthopädie-Technik, 3, 169–174. 

Hafner, B. J., & Smith, D. G. (2009). Differences in function and safety between 

Medicare Functional Classification Level-2 and -3 transfemoral amputees and influ-

ence of prosthetic knee joint control. The Journal of Rehabilitation Research and 

Development, 46(3), 417–433. 

Kahle, J. T., Highsmith, M. J., & Hubbard, S. L. (2008). Comparison of nonmicro-

processor knee mechanism versus C-Leg on Prosthesis Evaluation Questionnaire, 

stumbles, falls, walking tests, stair descent, and knee preference. The Journal of 

Rehabilitation Research and Development, 45(1), 1–14. 

Theeven, P. J. (2011). Functional added value of microprocessor-controlled pros-

thetic knee joints in daily life performance of medicare functional classification level-

2 amputees. Journal of Rehabilitation Medicine, 43, 906–915. 

Theeven, P. J. (2012). Influence of advanced prosthetic knee joints on perceived 

performance and everyday life activity level of low-functional persons with a trans-

femoral amputation or knee disarticulation. Journal of Rehabilitation Medicine, 

44(5), 454–461. doi:10.2340/16501977-0969   
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Wetz, H. H., Hafkemeyer, U., & Drerup, B. (2005). Einfluss des C-Leg-Kniegelenk-

Passteiles der Fa. Otto Bock auf die Versorgungsqualität Oberschenkelamputierter. 

Der Orthopäde, 34(4), 298–319. doi:10.1007/s00132-005-0783-z   
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Preference, Satisfaction, Quality of Life 
 

With C-Leg and C-Leg Compact compared to NMPKs: 

 Improvements in quality of life regarding following criteria: 

 Ambulation improved by 11% with C-Leg 

 Residual limb health improved by 16% with C-Leg and by 22% with C-Leg 

 Compact 

 Utility (such as comfort, fit, feel) improved by 12% with C-Leg and by 12% 

 with C-Leg Compact 

 Satisfaction with walking improved by 24% with C-Leg 

 Majority of K2 subjects prefer C-Leg (72%) and C-Leg Compact (24%) over 

NMPKs 

 

Prosthesis Evaluation Questionnaire (PEQ) consists of the subscales ambulation 

(AM), appearance (AP), residual limb health (RL), sound (SO), utility (UT), general 

well-being (WB), satisfaction with prosthesis (SA proth) and satisfaction with walk-

ing (SA walk). (Theeven et al. 2012) 

 

Satisfaction and quality of life can be measured to determine the general well-being 

of a person. They are all very meaningful parameters to investigate, since they have 

the most direct impact on the amputee’s well-being. They are influenced by other 

categories and can therefore be seen as a summary of possible activities, inde-

pendence and perceived safety. A common outcome measure in prosthetic research 

is the Prosthesis Evaluation Questionnaire (PEQ), a questionnaire with a total of 84 

items. The items are analysed and summarized in 9 subscales and a total score. 

 

Both studies investigating preference regarding prosthesis in K2 subjects found 

positive results for C-Leg and C-Leg Compact. 90% of K2 subjects preferred C-

Leg over a NMPK (Kahle et al. 2008). The study testing C-Leg and C-Leg Compact 

found that 72% of subjects preferred C-Leg, 24% preferred C-Leg Compact and 

only 3% preferred NMPKs (Theeven et al. 2011). 

Prosthesis Evaluation Questionnaire (PEQ) total score was increased by 20% with 

C-Leg compared to NMPKs, also assessed in K2 and K3 subjects together (Kahle 

et al. 2008). A later study assessing K2 and K3 subjects separately, found, that in 

K2 subjects satisfaction tended to be increased by 21% with C-Leg compared to 

NMPKs (Hafner et al. 2009). Burnfield et al. (2012) found that the PEQ mobility 

score was increased by 25% due to transition from NMPKs to C-Leg Compact. 
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When comparing C-Leg with NMPKs, major improvements were found in the PEQ 

subscales satisfaction with walking (24% increase), residual limb health (16% in-

crease), utility (12% increase) and ambulation (11% increase). With C-Leg Com-

pact major benefits were found in the PEQ subscales residual limb health (22% 

increase) and utility (12% increase). Furthermore, Theeven et al. (2012) showed 

that amount of benefit as expressed by change in PEQ when transitioning to C-Leg 

and C-Leg Compact is activity-dependent. With C-Leg benefits were mainly found 

in intermediate and high K2 subjects, whereas with C-Leg Compact, major benefits 

were only found in high K2 subjects (Theeven et al. 2012).  

 

Burnfield, J. M., Eberly, V. J., Gronely, J. K., Perry, J., Yule, W. J., & Mulroy, S. J. 
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3 Summaries of individual studies 
 

 

On the following pages you find summaries of studies that researched C-Leg in limited community 

ambulators. 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 authors’ 

conclusions.   
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Hahn A, Lang M.  

Effects of Mobility Grade, Age and Etiology on 
functional benefit and safety of subjects 
evaluated in over 1200 C-Leg trial fittings in 
Germany 
J Prosthet Orthot. 2015;27(3):86-94 

 

C-Leg and C-Leg Compact  

 

With C-Leg and Compact compared to the previous prosthesis: 

 Utilization of functional benefit is high even after one-day test fittings. 

(ranging from 83% to 95%, reduction of walking aids 46%) 

 Utilization of functional benefit is independent from age, mobility grade 

and/or etiology. 

Largest correlation  < 0.251 

 Age, mobility grade and/or etiology have no meaningful diagnostive pre-

dictive power 

  Ranging from 0.7% to 9% 

 Even within test fitting significant changes in mobility grade can be ob-

served 

50% of subjects increased their mobility grade from MFCL 2 to MFCL 3 

22% of subjects increased their mobility grade from MFCL 3 to MFCL 4 

 Fear of falling decreased by 86% 

 Gait was improved by C-Leg 

Harmonized gait pattern  

(88-95% of subjects) 

Relief of sound limb  

(95% of subjects) 

Walking with varying speeds 

(71-93%) 

Reduction of walking aids  

(23-29%) 

Divided attention while walking 

(81-88%) 

Walking effort  

(81-88%) 

Reference 

Products 

Major Findings 
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Subjects: 1223 amputees (Transfemoral 84%, Knee 

disarticulation 13%, Hip disarticulation 3%)  

Previous prosthesis: not reported 

Amputation causes: Trauma (43%), vascular disease incl. diabetes 

(26%), tumor (13%), infection (6%), combat trauma 

(4%), malformation (2%), others (6%), not specified 

(13%) 

Mean age: 55.6 ± 15.1 yrs 

Mean time since amputation: 17.5 ± 18.9 yrs 

MFCL: K2 (38.4%), K3 (39.2%), K4 (6.5%) (K1 (6.1%) 

excluded from analysis) 

 

Retrospective, cross sectional analysis: 

 

Data of C-Leg or C-Leg Compact trial fittings were gathered from ca. 445 prosthet-

ic clinics during the process of requesting advice or customer service or during the 

C-Leg prosthetists certification process. 

 

 

Functions and Activities Participation Environment 

Level  

walking 

Stairs Ramps, 

Hills 

Uneven 

ground, 

Obstacles 

Cognitive 

demand 

Energy Safety Activity, 

Mobility, 

ADLs 

Preference, 

Satisfac-

tion, QoL 

Health, 

Economics 

 

Category Outcomes Results for C-Leg (Compact in brackets) Sig.* 

Response on C-Leg 

 

Subgroup correlation 

analysis 

Age, mobility grade and etiology do not 

correlate with subjects capability to benefit 

from C-Leg (Kendal tau -0.251 <  < 0.140). 

++ 

Diagnostic power  Age, mobility grade and etiology do not 

possess relevant diagnostic power to pre-

dict the outcomes.  

Perceived safety: 1.9% 

Relief of sound leg: 0.8% 

Divided attention: 3.7% 

Gait pattern harmonization: 0.7% 

Variable gait speed: 9.0 % 

Reduction of effort: 1.4 % 

Reduction of walking aids: 6.4 % 

++ 

Level Walking Prosthetist’s question-

naire 

 A relief of the sound limb was documented in 

95% (95%) of the subjects. 

 

Gait pattern was harmonized in 95% (88%) of 

the subjects. 

 

The capability to vary gait speed increased in 

93% (71%) of the subjects. 

n.a. 

 

 

n.a. 

 

 

n.a. 

 

Population 

Study Design 

Results 

Previous prosthesis C-Leg or Compact  

 

D
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 c
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n
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Category Outcomes Results for C-Leg (Compact in brackets) Sig.* 

 

In 23 % (29%) of the subjects the use of walk-

ing aids could be reduced. 

 

n.a. 

Cognitive Demand Prosthetist’s question-

naire 

The capability to divide attention while walking 

increased in 94% (85%). 

n.a. 

Energy Prosthetist’s question-

naire 

Walking effort was reduced in 88% (81%) of 

the subjects. 

n.a. 

Safety Patients survey 82% of subjects reported at least one fall in the 

last 12 months, 49% reported multiple falls.  

 

Fear of falling decreased by 86% and 

across all ages and mobility grades. 

 

83% (91%) of subjects reported a clear or very 

clear increase of safety. 

n.a. 

 

 

++ 

 

 

n.a. 

Activity, Mobility,  

ADL 

MFCL 

 

 

 

 

 

50 % of the subjects rated as MFCL 2 prior 

to the test fitting were re-rated as MFCL 3 

with C-Leg. Another 17% demonstrated a 

considerable intra-class increase.  

 

22 % of the subjects rated as MFCL 3 prior 

to the test fitting were re-rated as MFCL 4 

with C-Leg. Another 29% demonstrated a 

considerable intra-class increase. 

 

++ 

 

 

 

 

++ 

 

 

 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

 

“Trial fittings are an appropriate and effective method to identify C-Leg responders. 

In the cohort of likely and preselected responders we observe a high degree of 

utilization of functional benefit. The degree of the utilization seems to be of similar 

magnitude when compared those observed in C-Leg populations. Responders can 

be found in all age groups, all mobility grades and all amputation etiologies.  

Safety and specifically falls are a severe challenge in the transfemoral amputee 

population. The rates of subjects reporting annual falling is higher than reported 

before. 

Age, mobility grade and amputation etiology do not correlate with a subjects capa-

bility to exhibit functional benefits when fitted with a C-Leg. Neither do any of these 

parameters possess relevant diagnostic power. We rather observe that trial fitting 

with a C-Leg does severely influences mobility grade rating itself. We therefore 

conclude that the assessment of an individual’s potential is required to reveal the 

subjects potential and that none of those demographic factors and specifically the 

use of the evaluation of mobility grade rating are justified to deny such an assess-

ment.” (Hahn et al., 2015) 
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Kannenberg A, Zacharias B, Pröbsting E. 

Benefits of microprocessor-controlled prosthetic 
knees to limited community ambulators: 
Systematic review 
Journal of Rehabilitation Research & Development (JRRD) 2014; 51(10): 1469-

1496. 

 

C-Leg / Compact vs NMPKs 

 

With C-Leg / Compact compared to NMPKs: 

 Limited community ambulators (MFCL2) are safer with C-Leg  

Decreased number of stumbles and falls by 80%. 

Increased balance in Activities of Daily Living (ADLs) 

 Limited community ambulators (MFCL2) benefit from C-Leg in walking 

14-25 % faster walking on level ground 

20% faster on uneven ground 

Improved walking quality on stair and ramp desent 

 Limited community ambulators (MFCL2) prefer C-Leg  over NMPKs 

Up to 90% prefer C-Leg over their previous NMPK 

 No significant benefits nor trends towards an advantage of NMPKs were 

reported compared to the C-Leg or Compact 

 

 

160 outcome measures were analysed in this review. The graph shows the percent-

age of outcome measures reporting a significant improvement (p<0.05) or statistical 

trend (0.05<p<0.1) towards a benefit for C-Leg or if no statistical difference was 

found. No benefits were reported for the NMPKs when compared to C-Leg. 

  

Reference 

Products 

Major Findings 
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Studies 
retrieved 
from 
database 
search 

n=986 

 

Studies 
for title 
review 

n=574 

Studies 
for 

abstract 
review 

n=73 

Studies 
for full text 

review 

n=27 

Relevant 
studies 

n=7 

Studies 
included 

n=6 

 

Subjects: 57 limited community ambulators 

Amputation causes: Dysvascular, PVD or Diabetes (20), Trauma (31), 

Other (6) 

Mean age: 57.1 – 67.1 years 

MFCL: MFCL 2 

 

Systematic Review: 

 

 

Included publications: Crossover design (4), Randomized double crossover 

design (2) 

Quality assessment: Hofstad checklist with 13 criteria for methodological 

quality (selection of patients, intervention, statistical 

validity) resulting in a high (0), moderate (4) or low 

(2) quality rating 

 

 

Functions and Activities Participation Environment 

Level  

walking 

Stairs Ramps, 

Hills 

Uneven 

ground, 

Obstacles 

Cognitive 

demand 

Energy Safety Activity, 

Mobility, 

ADLs 

Preference, 

Satisfac-

tion, QoL 

Health, 

Economics 

 

Category Outcomes Results for C-Leg and C-Leg Compact Reference 

Level Walking Walking speed on 

level ground 

Subjects walk about 14 to 25 percent faster 

on level ground. (C-Leg and C-Leg Compact) 

Kahle 2008, 

Eberly 2014 

Stairs Walking quality Walking quality improved significantly 

when walking down stairs. (C-Leg) 

Hafner 2009,  

Kahle 2008 

Ramps, Hills Walking speed on 

ramps 

Subjects walk almost 30 percent faster 

when descending a slope or hill. (C-Leg) 

 

Walking quality improved significantly 

when walking down a slope. (C-Leg Com-

pact) 

Hafner 2009, 

Burnfield 

2012 

 

Hafner 2009, 

Burnfield 

2012 

Uneven Ground Walking speed on 

uneven ground 

Subjects walk around 20 percent faster on 

uneven surfaces. (C-Leg and C-Leg Com-

pact) 

Hafner 2009,  

Kahle 2008 

Cognitive Demand Walking speed 

while and accuracy 

of divided attention 

tasks 

Walking speed while attention tasks in-

creased significantly while accuracy of the 

tasks did not differ. (C-Leg) 

Hafner 2009 

Safety Reported stumbles 

and falls 

The number of falls decreased by 80 per-

cent. (C-Leg) 

 

Number of uncontrolled falls and number 

of stumbles decreased significantly. (C-

Kahle 2008 

 

 

Hafner 2009  

 

Population 

Study Design 

Results 

Duplicates 

excluded 
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Category Outcomes Results for C-Leg and C-Leg Compact Reference 

Leg) 

Frustration with falls was reduced and confi-

dence while walking improved. (C-Leg) 

 

Hafner 2009 

Activities-Specific 

Balance 

Confidence Scale 

(ABC) 

The perceived balance in 16 ADLs im-

proved significantly. The ABC score fell 

below the cutoff  score of 67 indicating a 

low risk of falling. (C-Leg Compact) 

 

Burnfield 

2012 

Timed Up and Go 

Test 

(TUG) 

Time required to complete TUG was short-

er. The value fell below the cutoff value of 

19s which indicates a risk of multiple falls.  

(C-Leg Compact) 

Burnfield 

2012 

Activity, Mobility,  

ADL 

MFCL 44 to 50 percent of the subjects improved their 

mobility grade to MFCL 3. (C-Leg) 

Hafner 2009 / 

Kahle 2008 

ADAPT (Assess-

ment of Daily Activi-

ty Performance in 

Transfemoral Am-

putees)  

The performance in ADLs improved espe-

cially in activities requiring adequate bal-

ance. (C-Leg and C-Leg Compact) 

The perceived difficulty to perform ADLs 

requiring sitting down and standing up and 

those heavily dependent on the patient’s 

prosthesis-related skills was reduced. (C-

Leg) 

 

Theeven 

2011 

Preference,  

Satisfaction,  

Quality of Life 

Prosthetic Evalua-
tion Questionnaire 
(PEQ) and Adden-
dum 
 

K2: Satisfaction tended to be improved by 21 

percent. 

8 out of 9 subscales tended to be improved. 

(C-Leg) 

 

The PEQ Mobility score increased by 25%. 

(C-Leg Compact) 

 

The PEQ Ambulation improved by 11%, 

Residual health by 16%, Utility by 12% and 

Satisfaction with walking by  24% for the 

total group. (C-Leg) 

The Residual health improved by 22% and 

Utility by 12% for the total group. (Compact) 

Hafner 2009 

 

 

 

 

Burnfield 

2012 

 

Theeven 

2012 

Houghton Scale(to 
measure prosthetic 
use) 
 

The Houghton Scale score showed a tendency 
to be increased (16%higher). (C-Leg Com-
pact) 
 

Burnfield 

2012 

Preference Survey 70 % preferred C-Leg, 23% preferred C-Leg 

Compact and only 7 preferred their previous 

NMPK. 

 

90% preferred C-Leg over their previous pros-

thesis. (C-Leg) 

Theeven 

2011 

 

 

Kahle 2008 

Bold: significant results 
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“The results of this systematic review of clinical trials on interventions with MPKs in 

individuals with a unilateral TFA and MFCL-2 mobility grade suggest that these 

subjects may significantly reduce the number of falls and their risk of falling, im-

prove their balance, and better perform activities of community ambulation that are 

actually categorized as part of the MFCL-3 mobility grade. Because these results 

have been derived from studies with low to moderate methodological quality in a yet 

limited number of patients, trial fittings with different types of MPKs (MP stance only 

or MP stance and swing control) may be considered to evaluate whether an individ-

ual benefits from using an MPK compared with NMPKs usually prescribed for 

MFCL-2 individuals. Criteria for appraising success or failure of the trial fitting 

based on the 2MWT, AMP, TUG, and ABC have been suggested. Given the chal-

lenges to objectify the current general and ambiguous definitions of the MFCLs, an 

evidence-based and unambiguously quantifiable functional classification or one or 

more validated outcome measures to corroborate the classification would help bet-

ter define patient groups to be subjected to clinical research and sharpen coverage 

and reimbursement criteria.” (Kannenberg et al, 2014) 
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Eberly VJ, Mulroy SJ, Gronley JK, Perry J, Yule WJ, Burnfield JM. 

Rancho Los Amigos National Rehabilitation Center, Downey, USA. 

Impact of stance phase microprocessor-controlled 
knee prosthesis on level walking in lower 
functioning individuals with a transfemoral 
amputation 
Prosthetics and Orthotics International 2014; 38(6):447-55 

 

C-Leg Compact vs NMPKs 

 

With C-Leg Compact compared to NMPKs: 

 Restricted indoor walkers made gains in walking function 

 Walking velocity increased by 20% 

Cadence increased by up to 10% 

Stride length increased by up to 14% 

 Gait characteristics improved to a more symmetrical and stable pattern 

 Reduced anterior tilt of pelvis during stance phase 

 

 

Subjects: 10 transfemoral amputees 

Previous prosthesis: NMPK 

Amputation causes: 40% diabetes mellitus, 20% trauma, 20% vascular 

disease, 20% sarcoma 

Mean age: 62 ± 11 yrs 

Mean time since amputation: 9 yrs (2.5 – 21 yrs) 

MFCL: K2 
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Interventional, pre- to post-test design: 

 

 

 

Activities Participation Environment 

Level  

walking 

Stairs Ramps, 

Hills 

Uneven 

ground, 

Obstacles 

Cognitive 

demand 

Metabolic 

energy 

consump-

tion 

Safety Activity, 

Mobility, 

ADLs 

Preference, 

Satisfac-

tion, QoL 

Health 

economics 

 

Category Outcomes Results for C-Leg Compact vs NMPKs Sig.* 

Level Walking Motion Analysis  

at self-selected and  

fast walking velocity 

Walking speed increased by 20% in both 

self-selected and fast walking velocity. 

Stride length increased by 12% for self-

selected and by 14% for fast walking veloc-

ity. 

Cadence increased by 9% for self-selected 

and by 10% for fast walking velocity. 

Duration of single limb support phase on 

the prosthetic side increased by 3.2% rela-

tive to duration of gait cycle for self-

selected walking velocity.  

Heel off occurred earlier on prosthetic side 

for self-selected (at 30.0% vs 12.3% of gait 

cycle) and for fast (at 34.7% vs 13.1% of 

gait cycle) walking velocity. 

 

Angles on prosthetic and sound side: 

Peak thigh and hip extension angles during 

stance phase increased for self-selected 

and fast walking velocity and therefore ante-

rior tilt of pelvis is reduced. 

 

Moments on prosthetic side: 

Ankle dorsiflexion moment in stance phase 

increased for self-selected and fast walk-

ing velocity. 

Knee flexion moment in early stance phase 

decreased for fast walking velocity. 

Knee flexion moment in terminal stance 

phase increased for self-selected and fast 

walking velocity. 

Hip flexion moment in early stance phase 

increased for fast walking velocity. 

 

Power on prosthetic side: 

Peak power generation at the ankle in pre-

swing phase increased for fast walking 

velocity.  

++ 

 

++ 

 

 

++ 

 

++ 

 

 

 

++ 

 

 

 

 

 

++ 

 

 

 

 

 

++ 

 

 

– – 

 

++ 

 

 

– – 

 

 

 

++ 
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Category Outcomes Results for C-Leg Compact vs NMPKs Sig.* 

Peak extensor power absorption of the hip 

at loading response increased for fast 

walking velocity. 

++ 

 

Intramuscular Electromy-

ography (EMG) 

Tibialis anterior activity in the intact limb tends 

to be increased for self-selected and fast walk-

ing velocity. 

Lower gluteus maximus activity in the prosthet-

ic limb tends to be increased for self-selected 

and fast walking velocity. 

– 

 

 

– 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

 

“The participants in this study made significant gains in their walking function when 

using a microprocessor-controlled stance phase prosthesis. These findings have 

important clinical implications when considering prosthetic options for more decon-

ditioned or older persons living with a TFA. Individuals with TFAs functioning at a 

MFCL K-2 walking level may benefit from new prosthetic designs to improve their 

performance and safety in their environment.” (Eberly et al. 2013) 
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Burnfield JM, Eberly VJ, Gronely JK, Perry J, Yule WJ, Mulroy SJ. 

Institute for Rehabilitation Science and Engineering, Madonna Rehabilitation Hospi-

tal, Lincoln, USA. 

Impact of stance phase microprocessor-controlled 
knee prosthesis on ramp negotiation and 
community walking function in K2 level 
transfemoral amputees 
Prosthetics and orthotics international 2012; 36:95–104. 

 

C-Leg Compact vs NMPKs 

 

With C-Leg Compact compared to NMPKs: 

 Increased walking velocity during ramp ambulation 

Walking velocity increased by 28% during ramp ascent 

Walking velocity increased by 36% during ramp descent 

 Decreased risk of falling 

Time required to complete timed up and go (TUG) decreased by 38% 

 Improved balance confidence 

Activities-specific balance confidence scale (ABC) score increased by 26% 

 Improved mobility 

Prosthetic evaluation questionnaire (PEQ) improved by 25% 

 More symmetrical gait pattern during ramp ambulation 

Duration of single limb support phase on prosthetic side increased by 17% 

during ramp ascent and by 17% during ramp descent 

 

 

Each participant ascended and descended a 6.1 m ramp (12° slope) at their self-

selected speed using their customary walking aid. 
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Subjects: 10 unilateral, transfemoral amputees 

Previous prosthesis: NMPKs 

Amputation causes: n.a. 

Mean age: 62 yrs (± 11.3 yrs) 

Mean time since amputation: 9 yrs (2.5 – 21 yrs) 

MFCL: K2 

 

Interventional, pre- to post-test design: 

 

 

 

Activities Participation Environment 

Level  

walking 

Stairs Ramps, 

Hills 

Uneven 

ground, 

Obstacles 

Cognitive 

demand 

Metabolic 

energy 

consump-

tion 

Safety Activity, 

Mobility, 

ADLs 

Preference, 

Satisfac-

tion, QoL 

Health 

economics 

 

Category Outcomes Results for C-Leg Compact vs NMPKs Sig.* 

Ramps, Hills Motion analysis 

Ramp ascent 

Walking velocity increased by 28%. 

 

Stride length and cadence increased each 

by 14%. 

 

Duration of single limb support phase on 

the prosthetic side increased by 17% rela-

tive to duration of gait cycle. 

 

Duration of stance phase on the sound side 

decreased by 5%.  

 

Increased peak hip extension (+5°) and 

thigh extension (+2.1°) on the sound side 

during single limb support phase. 

++ 

 

++ 

 

 

++ 

 

 

 

++ 

 

 

++ 

Motion analysis 

Ramp descent 

Walking velocity increased by 36%. 

 

Stride length increased by 17% and ca-

dence increased by 16%. 

 

Duration of single limb support phase on 

the prosthetic side increased by 17% rela-

tive to duration gait cycle. 

 

Heel off occurred earlier on sound side (at 

38.8% vs 24.6% of gait cycle) and on pros-

thetic side (at 44.9% vs 54.9% of gait cycle). 

 

Increased peak knee flexion (+12.9°) and 

ankle dorsiflexion (+4.9°) on the prosthetic 

side during single limb support phase. 

++ 

 

++ 

 

 

++ 

 

 

 

++ 

 

 

 

++ 
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Category Outcomes Results for C-Leg Compact vs NMPKs Sig.* 

 

Increased peak hip extension (+6.4°) and 

thigh extension (+3.1°) on the sound side 

during single limb support phase. 

 

++ 

Safety Activities-Specific Bal-

ance Confidence Scale 

(ABC) 

The ABC score increased by 26%.   ++ 

Timed Up and Go Test 

(TUG) 

Time required to complete TUG was 38% 

shorter (17.7 vs 24.5 s). 

++ 

Preference,  

Satisfaction,  

Quality of Life (QoL) 

Prosthetic Evaluation 

Questionnaire (PEQ) 

Mobility Subscale 

The PEQ Mobility score increased by 25%. ++ 

Houghton Scale (to 

measure prosthetic use) 

The Houghton Scale score showed a tendency 

to be increased (16% higher). 

+ 

Subjective comments Positive attributes for C-Leg Compact: 

moving from sit to stand more naturally, stand-

ing longer, taking longer steps, walking faster, 

fatiguing less, greater stability, greater confi-

dence in new places, capacity to walk and 

think about other things or walk and talk on 

phone, and reduced rear and/or occurrence of 

falls, walk down a steep ramp, walk on uneven 

terrain, absence of falls. 

Negative attributes for C-Leg Compact: 

Too heavy, had to be charged every night, 

could not be used around a pool. 

n.a. 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

 

“Stability was greater ascending and descending ramps in the C-Leg Compact 

prosthesis compared to the NMPK as evidenced by the faster velocity, longer stride 

length, greater proportion of time spent in residual limb single limb support, re-

duced reliance on assistive devices, and the capacity to sustain residual limb knee 

flexion throughout single limb support. Patient preference to keep the C-Leg Com-

pact versus the NMPK confirms empirical findings of improved performance in the 

C-Leg Compact. These results have important therapeutic implications when select-

ing prosthetic knee componentry for more physically disabled individuals who have 

experienced a transfemoral amputation. The C-Leg Compact may provide important 

benefits for function and stability for more deconditioned K2 level walkers and those 

at risk for injurious falls.” (Burnfield et al. 2012) 
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Theeven PJ, Hemmen B, Geers RPJ, Smeets RJEM, Brink PRG, Seelen HAM. 

Center of Expertise in Rehabilitation and Audiology, Adelante, Hoensbroek, The 

Netherlands. 

Influence of advanced prosthetic knee joints on 
perceived performance and everyday life activity 
level of low-functional persons with a 
transfemoral amputation or knee disarticulation 
Journal of rehabilitation medicine 2012; 44(5):454–461. 

 

C-Leg and C-Leg Compact vs NMPKs 

 

With C-Leg compared to NMPKs: 

 Ambulation improved by 11% 

 Intermediate K2 subjects improved by 11% 

 Residual limb health improved by 16% 

 High K2 subjects improved by 27% 

 Utility improved by 12% 

 Intermediate K2 subjects improved by 17% 

 High K2 subjects improved by 13% 

 Satisfaction with walking improved by 24% 

 Intermediate K2 subjects improved by 50% 

 High K2 subjects improved by 15% 

 

With C-Leg Compact compared to NMPKs: 

 Residual limb health improved by 22% 

 High K2 subjects improved by 29% 

 Utility improved by 12% 

 High K2 subjects improved by 16% 

Subscales of Prosthesis Evaluation Questionnaire (PEQ) were answered on a visual 

analog scale with a maximum of 100. 
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Subjects: 30 unilateral, transfemoral and knee disarticulated 

amputees 

Previous prosthesis: NMPKs 

Amputation causes: 77% trauma, 20% vascular, 3% tumour 

Mean age: 59.1 yrs (± 13.0 yrs) 

Mean time since amputation: 21.5 yrs (± 18.2 yrs) 

MFCL: K2 (20% low, 40% intermediate, 40% high) 

 The subgroups low, intermeditate and high were 

determined based on self-selected walking speed, 

total activity level and additional clinical information 

about the participant (e.g. past medical history, 

psychosocial status and current physical condition). 

 

Interventional, randomized crossover trial: 

Activity monitoring was done during each 7 days period. At data collection subjects 

were asked to fill out the prosthesis evaluation questionnaire (PEQ). 

 

 

Activities Participation Environment 

Level  

walking 

Stairs Ramps, 

Hills 

Uneven 

ground, 

Obstacles 

Cognitive 

demand 

Metabolic 

energy 

consump-

tion 

Safety Activity, 

Mobility, 

ADLs 

Preference, 

Satisfac-

tion, QoL 

Health 

economics 

 

Category Outcomes Results for C-Leg and C-Leg Compact            Sig.* 

Activity, Mobility,  

Activities of daily living 

(ADLs) 

Accelerometer No differences in activity time.            0 

Category Outcomes Results for C-Leg compared to NMPKs  

PEQ Subscale Low K2 Intermediate K2 High K2 Total group 

Preference,  

Satisfaction,  

Quality of Life (QoL) 

Ambulation – ++ 11% + ++ 11% 

Appearance 0 + + + 

Residual limb health + + ++ 27% ++ 16% 

Sounds + + + + 

Utility + ++ 17% ++ 13% ++ 12% 

Well-being + + + + 

Satisfaction prosthesis  + + + + 

Satisfaction walking + ++ 50% ++ 15% ++ 24% 
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Category Outcomes Results for C-Leg Compact compared to NMPKs 

PEQ Subscale Low K2 Intermediate K2 High K2 Total group 

Preference,  

Satisfaction,  

Quality of Life (QoL) 

Ambulation – + + + 

Appearance + + + + 

Residual limb health + + ++ 29% ++ 22% 

Sounds + + + + 

Utility + + ++ 16% ++ 12% 

Well-being – + – 0 

Satisfaction prosthesis 0 + + + 

Satisfaction walking – + + + 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.)  

  

 

“Persons with a transfemoral amputation or knee disarticulation, classified as 

MFCL-2, perceive an improved ability to ambulate, are more satisfied with how they 

walk, experience an improved condition of the stump, and report increased utility 

when they use a prosthesis featuring an MPK compared with a mechanically con-

trolled knee joint. However, these perceived benefits do not encourage these per-

sons to increase their everyday activity level in the short term.” (Theeven et al. 2012) 
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Theeven P, Hemmen B, Rings F, Meys G, Brink P, Smeets R, Seelen H. 

Center of Expertise in Rehabilitation and Audiology, Adelante, Hoensbroek, The 

Netherlands. 

Functional added value of microprocessor-
controlled knee joints in daily life performance of 
Medicare Functional Classification Level-2 
amputees 
Journal of Rehabilitation Medicine 2011; 43(10):906–915. 

 

C-Leg and C-Leg Compact 

 

With C-Leg compared to NMPKs: 

 Preferred by 72% of subjects 

 Difficulty to perform activities including sitting down and standing up de-

creased 

 Difficulty to perform activities depending on prosthesis-related skills de-

creased  

 Time to complete standing activities decreased 

 

With C-Leg Compact compared to NMPKs: 

 Preferred by 24% of subjects 

 Time to complete standing activities decreased  

 Difficulty to perform all activities tended to be decreased 

 

Preference was assessed by Questionnaire (n=29). 
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Subjects: 30 unilateral, transfemoral and knee disarticulated 

amputees 

Previous prosthesis: NMPKs 

Amputation causes: 77% trauma, 20% vascular, 3% tumour 

Mean age: 59.1 yrs (± 13.0 yrs) 

Mean time since amputation: 21.5 yrs (± 18.2 yrs) 

MFCL: K2 (20% low, 40% intermediate, 40% high) 

 The subgroups low, intermeditate and high were 

determined based on self-selected walking speed, 

total activity level and additional clinical information 

about the participant (e.g. past medical history, 

psychosocial status and current physical condition). 

 

Interventional, randomized crossover trial: 

 

 

 

Activities Participation Environment 

Level  

walking 
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demand 

Metabolic 

energy 
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tion 
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tion, QoL 

Health 

economics 

 

Category Outcomes Results for C-Leg compared to NMPKs 

 ADAPT Low K2 Intermediate K2 High K2 Total group 

Activity, Mobility,  

Activities of daily living 

(ADLs) 

Time AS1 0 ++ 14% ++ 6.4% ++ 11% 

Time AS2 – ++ 8.3% 0 + 

Time AS3 + + + + 

Difficulty AS1 0 + + + 

Difficulty AS2 – + + ++ 33% 

Difficulty AS3 + + + ++ 30% 

Category Outcomes Results for C-Leg Compact compared to NMPKs 

  Low K2 Intermediate K2 High K2 Total group 

 Time AS1 – ++ 7.7% ++ 8.5% ++ 7.7% 

Time AS2 – – + 0 

Time AS3 – 0 ++ 12% 0 

Difficulty AS1 0 + + + 

Difficulty AS2 0 + + + 

Difficulty AS3 + + + + 

Preference,  Preference Ques- 72% of subjects preferred C-Leg  n.a. 
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Category Outcomes Results for C-Leg compared to NMPKs 

 ADAPT Low K2 Intermediate K2 High K2 Total group 

Satisfaction,  

Quality of Life (QoL) 

tionnaire (19% low, 33% intermediate, 48% high). 

 

24% of subjects preferred C-Leg Compact 

(29% low, 43% intermediate, 29% high). 

 

3% of subjects preferred NMPCKs 

(100% intermediate). 

Assessment of Daily Activity Performance in Transfemoral amputees test (ADAPT) divided in  three subsets: 

AS1: Standing activities 

AS2: Activities requiring sitting down and standing up 

AS3: Activities depending heavily on patient´s prosthesis-related skills 

  * no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

   

 

“In conclusion, the use of prosthetic knee joints featuring microprocessor-controlled 

stance and/or swing phase control has beneficial effects on the level of functional 

ability to perform common daily activities in part of the MFCL-2 population. This 

patient population has shown to be heterogeneous as to the level of functional mo-

bility, functional outcome and the way persons perceive their own functional perfor-

mance. This population may be further divided into subgroups of MFCL-2 ampu-

tees. Persons classified as MFCL-2 with either intermediate to high prosthesis-

related abilities seem to have a functional benefit from using an MPK to perform 

ADL.” (Theeven et al. 2011) 
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Hafner BJ, Smith DG. 

Prosthetics and Orthotics Program, Department of Rehabilitation Medicine, Univer-

sity of Washington, Seattle, USA. 

Differences in function and safety between 
Medicare Functional Classification Level-2 and -3 
transfemoral amputees and influence of 
prosthetic knee joint control 
Journal of Rehabilitation Research and Development 2009; 46 (3):417–433. 

 

C-Leg vs NMPKs 

 

With C-Leg compared to NMPKs: 

MFCL K2 subjects 

 50% of subjects improved to MFCL K3 

 Improvements in stair and hill mobility during descent 

Stair assessment index score improved from 3.3 to 9 (173% increase) 

Hill assessment index score improved from 5.4 to 7.5 (39% increase) 

 Walking velocity improved during hill ambulation, obstacle course and 

ambulation with an attentional demand by up to 27% 

 Improvements in stability and safety 

Number of uncontrolled falls decreased by 80% 

 

MFCL K3 subjects 

 33% of subjects improved to MFCL K4 

 Improvement in stair mobility during descent 

Stair assessment index score improved from 4.4 to 10.1 (173% increase) 

 Walking velocity improved during hill ambulation and obstacle course by 

up to 40% 

 Improvements in stability and safety 

Frequency of stumbles decreased by 31% 

 

Assessment of mobility level MFC when transitioning from NMPK to C-Leg (n=17). 

41% 

47% 

12% 

Changes in mobility level when transitioning from NMPK to 
C-Leg  

Increased

Constant

Decreased
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Subjects: 17 unilateral, transfemoral amputees 

Previous prosthesis: NMPK 

Amputation causes: 59% trauma, 18% malignancy, 12% infection, 6% 

dysfunction, 6% vascular disease 

Mean age: 49.5 yrs (range from 21 – 77 yrs) 

Mean time since amputation: 17.6 yrs (range from 2 – 67 yrs) 

MFCL: 47% K2, 53% K3 

 

Interventional, A-B-A-B design: 

 

After 4, 8 and 12 months of extended use they returned for another functional evalu-

ation and assessment. After completing the study, subjects were provided with both 

prostheses and could choose between wearing C-Leg, NMPK or both prosthesis 

interchangeably.  
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Category Outcomes Results for C-Leg compared to NMPKs Sig.* 

Stairs Stair Assessment Index 

(SAI) 

K2: SAI score for descent improved from 

3.3 to 9 (173% increase). 

3 points represent step-to pattern with rail,  

9 points represent skipping step pattern with-

out rail or assistive device.  

K3: SAI score for descent improved from 

4.4 to 10.1 (173% increase). 

4 points represent step-to pattern with assistive 

device,  

10 points represent step-over-step pattern with 

rail and assistive device. 

++ 

 

 

 

 

++ 

Ramps, Hills Hill Assessment Index 

(HAI) 

K2: HAI score for descent improved from 

5.4 to 7.5 (39% increase). 

5 points represent step a little past with assis-

tive device, 

8 points represent step-to without assistive 

device. 

K3: HAI score for descent tended to improve 

from 7.2 to 8.6 (19% increase). 

7 points represent even step with assistive 

device, 

9 points represent step a little past without 

assistive device. 

 

K2: Walking velocity increased by 27%. 

++ 
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Category Outcomes Results for C-Leg compared to NMPKs Sig.* 

K3: Walking velocity increased by 40%. ++ 

Uneven Ground,  

Obstacle Course 

Obstacle course (grass, 

wood chips, sand, a 

cement ramp, and ce-

ment stairs) 

K2: Walking velocity increased by 11%. 

K3: Walking velocity increased by 6.7%. 

++ 

++ 

Cognitive Demand Ambulation with an atten-

tional demand (verbal 

reverse-numbers test as 

subjects walked two 

sides of a busy city 

block) 

K2: Walking velocity increased by 12%. 

K3: Walking velocity tended to be increased by 

2.7%. 

 

K2: Attention accuracy tended to be increased. 

K3: Attention accuracy tended to be increased. 

++ 

+ 

 

 

+ 

+ 

Self-assessed confi-

dence and concentration 

(PEQ addendum) 

K2: Multitasking while walking improved. 

Mental energy expenditure, confidence while 

walking and difficulty with concentration tend-

ed to be improved. 

K3: Confidence while walking and multi-

tasking while walking improved. 

Mental energy expenditure and difficulty with 

concentration tended to be improved. 

++ 

+ 

 

 

++ 

 

+ 

Safety Self-assessed stability 

and safety 

K2: Number of uncontrolled falls decreased 

by 80%. 

Number of stumbles and semicontrolled falls 

tended to be decreased. 

K3: Frequency of stumbles improved by 

31%. 

Number of stumbles, semicontrolled falls and 

uncontrolled falls tended to be decreased. 

++ 

 

+ 

 

++ 

 

+ 

Activity, Mobility,  

Activities of daily living 

(ADLs) 

Mobility Level K2: 50% of subjects improved to K3. 

50% of subjects stayed at K2.  

 

K3: 33% of subjects improved to K4. 

44% of subject stayed at K3. 

22% of subjects decreased to K2.  

n.a. 

Preference,  

Satisfaction,  

Quality of Life (QoL) 

Prosthetic Evaluation 

Questionnaire (PEQ) and 

Addendum 

K2: Satisfaction tended to be improved by 

21%. 

8 out of 9 subscales tended to be improved. 

K3: Satisfaction improved by 38%. 

3 out of 9 subscales improved: Ambulation, 

Sounds and Utility. 

5 out of 9 subscales tended to be improved. 

+ 

 

+ 

++ 

++ 

 

+ 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

 

“This study examined the influence of active and passive knee control on the func-

tion and safety of persons with transfemoral amputation who were classified as 

MFCL-2 and MFCL-3. Both the MFCL-2 and MFCL-3 cohorts showed significant 

improvements in negotiating environmental obstacles (i.e., walking down inclines, 

walking downstairs, and walking over uneven terrain) while using the active-control 

knee as compared with the passive-control knee. Active control of the prosthetic 

knee also resulted in significantly fewer UC falls (MFCL-2 cohort). These benefits 

provided by active control of the knee allowed 50 percent of MFCL-2 subjects and 

33 percent of MFCL-3 subjects to transition to a higher activity level by the end of 

the study. Such a transition indicates that advanced technology, typically reserved 

Author’s Conclusion 
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for the most active subjects, equally benefits less active subjects and may address 

the functional limitations that prevent them from reaching higher levels of activity. 

Furthermore, the reduction in adverse events obtained with active knee control may 

lead to fewer injuries and lowered long-term medical costs in a population that is at-

risk for falls and injury.” (Hafner & Smith 2009) 
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Drerup B, Wetz HH, Bitterle K, Schmidt R. 

Klinische Prüfstelle für Orthopädische Hilfsmittel, Klinik und Poliklinik für Techni-

sche Orthopädie und Rehabilitation, Universitätsklinikum Münster, Germany. 

Langzeitergebnisse mit dem C-Leg – Ergebnisse 
einer retrospektiven Studie 

Long Term Results with C-Leg – Results of a 
Retrospective Study 
Orthopädie-Technik 2008; 59(3): 169-175. 

 

C-Leg vs NMPKs 

 

With C-Leg compared to NMPKs: 

 70% of subjects reported a functional gain in following activities: 

 Perceived safety with prosthesis 

 Relief of sound side 

 Walking without thinking of prosthesis 

 Changes in velocity 

 Required strength when walking 

 Improved independence 

 Reduction in use of assistive devices 

 Improved safety 

 All subjects reported less falls 

 

The improvement in perceived safety depends on the mobility grade.  

 

Subjects: 58 transfemoral amputees 

Previous prosthesis: not reported 

Amputation causes: not reported 

Mean age: not reported 

Mean time since amputation: not reported 

MFCL: 2% K0, 33% K2, 55% K3, 10% K4 
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Non-interventional, pre- to post-test design: 
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walking 
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tion 
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tion, QoL 

Health 

economics 

 

Category Outcomes Results for C-Leg vs NMPKs Sig.* 

Safety Questionnaire All subjects reported less falls immediately 

after fitting with C-Leg. 

n.a. 

Activity, Mobility,  

Activities of daily living 

(ADLs) 

Questionnaire Use of assistive devices reduced. 

 

70% of subjects reported a functional gain with 

C-Leg in following activities: 

 Perceived safety with prosthesis 

 Relief of sound side 

 Walking without thinking of prosthesis 

 Changes in velocity 

 Required strength when walking. 

 

Activities characterizing the K2 level: small 

changes, since most of the subjects could 

handle activities already with NMPCK. 

Activities characterizing the K3 level: 80% of 

the subjects reported improvement in the de-

scending stairs and walking on uneven ground. 

 

Major benefit based on mobility grade: 

K2: improvements in safety and variation of 

velocity 

K3: improvements in variation of velocity and 

cognitive tasks 

K4: improvements in relief of sound side and 

required strength 

++ 

 

n.a. 

 

 

 

 

 

 

 

n.a. 

 

 

 

 

 

 

n.a. 

Preference,  

Satisfaction,  

Quality of Life (QoL) 

Questionnaire In 53% of subjects expectations on C-Leg 

were achieved. 

In 38% of subjects parts of expectations on C-

Leg were achieved. Following problems were 

named: 

 Unsecure at the beginning 

 Difficulties in learning additional func-
tions 

 Maximum knee angle is too small 

 Risk of falling while dancing 

 

 

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

Only 9% of subjects were disappointed. 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

 

“The C-Leg computerized knee system provides in the vast majority a gain in func-

tionality and safety which is still increased on long term.” (Drerup et al. 2008) 
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Kahle JT, Highsmith MJ, Hubbard SL. 

Westcoast Brace and Limb, Tampa, USA. 

Comparison of nonmicroprocessor knee 
mechanism versus C-Leg on Prosthesis 
Evaluation Questionnaire, stumbles, falls, 
walking tests, stair descent, and knee preference 
Journal of Rehabilitation Research & Development 2008; 45(1):1–13. 

 

C-Leg vs NMPKs 

 

With C-Leg compared to NMPKs: 

 Falls are reduced by 64% and stumbles are reduced by 59% 

 Satisfaction improved by 20% 

 74% of subjects prefered using C-Leg over NMPK 

 Improvements of walking velocity by up to 21% 

 short and long distance 

 even and uneven terrain 

 self-selected and fastest possible walking velocity 

 

Walking velocity was measured during different walking tasks: self-selected walking 

speed over 75 meters (SSWS 75m), fastest possible walking speed over 75 meters 

(FPWS 75m), fastest possible walking speed over 6 meters (FPWS 6) and fastest 

possible speed over 38 meters on uneven terrain (FPWS 38m uneven terrain). 

 

Subjects: 21 unilateral, transfemoral amputees 

Previous prosthesis: NMPKs 

Amputation causes: 33% trauma, 19% congenital, 14% diabetes 

mellitus, 14% PVD, 5% sarcoma 

Mean age: 51 yrs (range from 22 – 83 yrs) 

Mean time since amputation: 10 yrs (4 – 20 yrs) 

MFCL: 43% K2, 38% K3, 10% K4 
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Interventional, pre- to post-test design: 

 

 

 

Activities Participation Environment 
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walking 

Stairs Ramps, 

Hills 

Uneven 

ground, 

Obstacles 

Cognitive 

demand 

Metabolic 

energy 

consump-

tion 

Safety Activity, 
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Satisfac-

tion, QoL 

Health 

economics 

 

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

Level Walking Self-selected (SSWS) 

and fastest possible 

walking speed (FPWS)  

SSWS increased by 15 % during 75m test. 

 

FPWS increased by 12 % during 75m test.  

FPWS increased by 17% during 6m test. 

++ 

 

++ 

++ 

Stairs Stair descent test 63% of subjects improved in stair descent 

performance. 

n.a. 

Uneven Ground,  

Obstacle Course 

Fastest possible walking 

speed (FPWS) on une-

ven terrain 

FPWS increased by 21 % during 38m une-

ven terrain test. 

++ 

Safety Reported stumbles and 

falls 

The number of self-reported stumbles de-

creased by 59%  

The number of self-reported falls de-

creased by 64%. 

++ 

 

++ 

Activity, Mobility, Activities of 

daily living (ADLs) 

Mobility level 42% of subjects improved their mobility level. 

53% of subjects stayed at their mobility level. 

5% of subjects decreased their mobility level. 

n.a. 

Preference,  

Satisfaction,  

Quality of Life (QoL) 

PEQ (Prosthesis Evalua-

tion Questionnaire) 

PEQ total score improved by 20%. ++ 

Preference 74% of the subjects responded that they would 

prefer using the C-Leg rather than their previ-

ous NMPK. 

n.a. 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

 

“Using the C-Leg, most subjects demonstrated greater prosthesis function and 

prosthesis-related quality of life, decreased self-reported falls and stumbles, in-

creased walking speed under several conditions, and improved stair descent. In 

addition, most subjects preferred the C-Leg.” (Kahle et al. 2008) 
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Wetz HH, Hafkemeyer U, Wühr J, Drerup B. 

Klinische Prüfstelle für Orthopädische Hilfsmittel, Klinik und Poliklinik für Techni-

sche Orthopädie und Rehabilitation, Universitätsklinikum Münster, Germany. 

Einfluss des C-Leg-Kniegelenk-Passteiles der Fa. 
Otto Bock auf die Versorgungsqualität 
Oberschenkelamputierter 

(The influence of the C-Leg knee-shin system 
from the Otto Bock Company in the care of above-
knee amputees. A clinical-biomechanical study to 
define indications) 
Der Orthopäde 2005; 34(4):298-319. 

 

C-Leg vs NMPKs 

 

With C-Leg compared to NMPCKs: 

 Improvements in mobility 

 68% of subjects improved in safety 

 84% of subjects improved in ramps 

 80% of subjects improved in descending stairs 

 60% of subjects reduced their effort to walk 

 68% of subjects improved in velocity 

 68% of subjects improved in unloading of the intact limb 

 72% of subjects improved in adaptation time 

 Improvements in walking pattern  

  

 

Perceived safety was assessed by a questionnaire (n=25). 
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Subjects: 22 unilateral, transfemoral amputees and 3 knee 

disarticulated amputees 

Previous prosthesis: NMPKs 

Amputation causes: 56% trauma, 20% tumour, 12% congenital, 8% 

vascular, 4% sepsis 

Mean age: 45 yrs (range from 16 – 77 yrs)  

Mean time since amputation: 15 yrs (range from 1 – 57 yrs) 

MFCL: 20% K2, 52% K3, 28% K4 

 

Interventional, pre- to post-test design: 

 

 

 

Activities Participation Environment 

Level  

walking 

Stairs Ramps, 

Hills 

Uneven 
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Obstacles 

Cognitive 

demand 

Metabolic 

energy 

consump-

tion 

Safety Activity, 

Mobility, 

ADLs 

Preference, 

Satisfac-

tion, QoL 

Health 

economics 

 

Category Outcomes Results for C-Leg vs NMPKs Sig.* 

Level walking Motion analysis Major improvements for K2 subjects: 

 Reduction of extension hip and knee 

moments  

 Reduction of asymmetry of stand 

phase duration 

 Improvements of step length 

 

Major improvements for K3 subjects: 

 Improvement of walking velocity 

 Reduction of extension knee moments 

 

Major improvements in K4 subjects: 

 Reduction of extension hip and knee 

moments 

n.a. 

Activity, Mobility,  

Activities of daily living 

(ADLs) 

Questionnaire Improved mobility regarding following criteria: 

68% of subjects improved in safety 

84% of subjects improved in ramps 

80% of subjects improved in descending stairs 

60% of subjects reduced their effort to walk 

68% of subjects improved in velocity 

68% of subjects improved in unloading of the 

intact limb 

72% of subjects improved in adaptation time. 

 

The major improvements depended on the 

mobility grade: 

K2 subjects: safety, unloading of the intact 

limb, cognitive tasks, and effort to walk. 

 

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

K3 subjects: safety, unloading of the intact limb 

and velocity.  

K4 subjects: unloading of the intact limb, veloc-

ity. 

* no difference (0), positive trend (+), negative trend (−), significant (++/−−), not applicable (n.a.) 

 

“It is concluded, that multi-handicapped patients activity levels 2, 3 and 4 generally 

experience substantial improvement due to this system. AK 2 patients may show 

significant functional improvement. As a prerequisite, however, they must not exhibit 

deficiencies regarding stump movement, muscular status or cognitive abilities. Ac-

tive patients (AK 3 and 4) benefit in the majority of cases. However, some highly 

active patients of AK 4 complain about interferences between their intended move-

ment and the microprocessor control of knee movements.” (Wetz et al. 2005) 
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