
Evidence Essentials. 
C-Leg microprocessor knee

Mobility need or deficit of the 
patient 

Evidence for benefits of the C-Leg vs. 
NMPK 

Safety Patient has a history of fall-related 
injury 

Patient stumbles and/or falls 
repeatedly 

Patient avoids activities due to fear 
of falling 

Patient sustained fall-related 
injuries 

- Significant 65% reduction of patients who
experience injurious falls (Campbell et al.,
2020)

- Significant reduction in falls of up to 80%
(Hafner et al., 2007 and 2009; Highsmith et
al., 2010; Kahle et al., 2008; Kannenberg et
al., 2014, Kaufman et al., 2018; Davie-Smith
et al., 2021)

- Significant reduction in stumbles of up to
57% (Hafner et al., 2009; Highsmith et al.,
2010; Kahle et al., 2008; Kannenberg et al.,
2014)

- Significant improvements in balance and
indicators for the risk of falling, such as
Timed-up-and-go-test, forced gait
perturbations in the gait lab, ABC scale, etc.
(Blumentritt et al., 2009; Burnfield et al.,
2012; Hafner et al., 2007 and 2009;
Kannenberg et al., 2014; Kaufman et al.,
2007;  Lansade et al., 2018; Davie-Smith et
al., 2021)

Mobility Patient has difficulty negotiating 
slopes/hills 

- Significant improvement in quality of
slope/hill descent towards natural,
reciprocal (step-over-step) gait pattern
(Hafner et al.; 2007 and 2009; Highsmith et
al., 2013; Kannenberg et al., 2014)

- Significant increase in downhill walking
speed of up to 40% (Burnfield et al., 2012;
Hafner et al., 2007 and 2009; Highsmith et
al, 2013; Kannenberg et al., 2014)
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 Mobility need or deficit of the 
patient 

Evidence for benefits of the C-Leg vs. 
NMPK 

Mobility Patient has difficulty negotiating 
uneven terrain and obstacles 

- Significant increase in walking speed on 
uneven terrain and obstacle courses of up 
to 21% (Kahle et al., 2008; Seymour et al., 
2007) 
 

Mobility Patient has difficulty descending 
stairs with reciprocal (step-over-
step) gait 

- Significant improvement in quality of stair 
descent towards natural, reciprocal (step-
over-step) gait pattern (Hafner et al., 2007 
and 2009; Kahle et al., 2008; Kannenberg et 
al., 2014; Schmalz et al., 2007) 

Mobility Patient has difficulty with dual 
tasking while walking with the 
prosthesis 

- Significant reduction in cognitive demand 
while walking with the prosthesis 
(Hafner et al., 2007 and 2009; Seymour et 
al., 2007; Williams et al., 2006) 

- Significant reduction in cortical brain 
activity and perfusion during dual-tasking 
(Möller et al., 2019; Ramstrand et al, 2020) 

- Significantly improved capacity and 
performance in executing a concurrent task 
while walking with the prosthesis 
(Hafner et al., 2007 and 2009; Morgan et al., 
2015; Seymour et al., 2007; Williams et al., 
2006) 

Mobility Patient is limited in his/her mobility - About 50% of K2 patients are able to 
improve their overall mobility level to K3 
(Hafner et al. 2009; Kahle et al., 2008; 
Kannenberg et al., 2014) 

Musculo-
skeletal 
pain  

Patient suffers from joint and back 
pain due to gait asymmetry and 
excessive loading  

- Significant improvement in gait symmetry 
and, thus, loading of the locomotor system 
(Kaufman et al, 2007 and 2012; Segal 2006) 

- Significant stance knee flexion that results 
in  shock absorption to unload proximal 
joints and the spine (Kaufman et al., 2007; 
Segal et al., 2006) 

 

 



 
 

3 | Ottobock | C-Leg Evidence Essentials    

References 

Blumentritt S, Schmalz T, Jarasch R. The safety of C-leg: Biomechanical tests. J Prosthet Orthot 
2009;21(1):2-17. Download 

Burnfield JM, Eberly VJ, Gronely JK, Perry J, Yule WJ, Mulroy SJ. Impact of stance phase 
microprocessor-controlled knee prosthesis on ramp negotiation and community walking function 
in K2 level transfemoral amputees. Prosthet Orthot Int 2012;36(1):95-104. Download 

Campbell JH, Stevens PM, Wurdeman SR. OASIS I: Retrospective analysis of four different 
microprocessor knee types. Journal Rehabil Assist Technol Eng 2020;7: 1-10. Download  

Davie-Smith F, Carse B. Comparison of patient-reported and functional outcomes following 
transition from mechanical to microprocessor knee in the low-activity user with a unilateral 
transfemoral amputation. Prosth Orthot Int 2021;45(3):198-204. Download 

Hafner BJ, Willingham LL, Buell NC, Allyn KJ, Smith DG.  Evaluation of Function, Performance, and 
Preference as Transfemoral Amputees Transition from Mechanical to Microprocessor Control of 
the Prosthetic Knee.  Arch Phys Med Rehabil 2007;88(2):207-17. Download 

Hafner BJ, Smith DG. Differences in function and safety between Medicare Functional 
Classification Level-2 and -3 transfemoral amputees and influence of prosthetic knee joint control. 
J Rehabil Res Dev 2009;46(3):417-434. Download 

Highsmith MJ, Kahle JT, Bongiorni DR, Sutton BS, Groer S, Kaufman KR. Safety, energy efficiency, 
and cost efficacy of the C-leg for transfemoral amputees. Prosthet Orthot Int 2010;34(4):362-377. 
Download 

Highsmith MJ, Kahle JT, Miro RM, Mengelkoch, MJ: Ramp descent performance with the C-leg and 
interrater reliability of the Hill Assessment Index. Prosthet Orthot Int 2013; 37(5): 362-368. 
Download 

Kahle JT, Highsmith MJ, Hubbard SL. Comparison of Non-microprocessor Knee Mechanism versus 
C-Leg on Prosthesis Evaluation Questionnaire, Stumbles, Falls, Walking Tests, Stair Descent, and 
Knee Preference;      J Rehabil Res Dev 2008;45(1):1-14. Download 

Kannenberg A, Zacharias B, Pröbsting E: Benefits of microprocessor prosthetic knees to limited 
community ambulators: A systematic review. J Rehabil Res Dev 2014;51(10):1469-1495. Download 

Kaufman KR, Levine JA, Brey RH, et al.  Gait and Balance of transfemoral amputees using passive 
mechanical and microprocessor-controlled prosthetic knees. Gait Posture 2007;26:489-493. 
Download 

Kaufman KR, Frittoli S, Frigo CA. Gait asymmetry of transfemoral amputees using mechanical and 
microprocessor controlled prosthetic knees. Clin Biomech 2012;27(5):460-465. Download 

 

 

https://journals.lww.com/jpojournal/pages/articleviewer.aspx?year=2009&issue=01000&article=00002&type=Fulltext
https://journals.sagepub.com/doi/full/10.1177/0309364611431611
https://journals.sagepub.com/doi/10.1177/2055668320968476
https://journals.lww.com/poijournal/Abstract/2021/06000/Comparison_of_patient_reported_and_functional.3.aspx
https://www.archives-pmr.org/article/S0003-9993(06)01480-8/fulltext
https://www.rehab.research.va.gov/jour/09/46/3/hafner.html
https://journals.sagepub.com/doi/full/10.3109/03093646.2010.520054
https://journals.sagepub.com/doi/10.1177/0309364612470482
https://www.rehab.research.va.gov/jour/08/45/1/kahle.html
https://www.rehab.research.va.gov/jour/2014/5110/pdf/jrrd-2014-05-0118.pdf
https://www.sciencedirect.com/science/article/pii/S0966636207001853?via%3Dihub
https://www.clinbiomech.com/article/S0268-0033(11)00299-3/fulltext


 
 

4 | Ottobock | C-Leg Evidence Essentials    

Kaufman KR, Bernhardt KA, Symms K. Functional assessment and satisfaction of transfemoral 
amputees with mobility (FASTK2): A clinical trial of microprocessor-controlled vs. non-
microprocessor-controlled knees. Clin Biomech (Bristol, Avon) 2018 Oct;58:116-122. Download 

Lansade C, Vicaut E, Paysant J, Ménager D, Cristina MC, Braatz F, Domayer S, Pérennou D, Chiesa 
G. Mobility and safety with a microprocessor-controlled knee in moderately active amputees: A 
multi-centric randomized crossover trial. Ann Phys Rehabil Med 2018;61(5):278-285.  Download 

Morgan SJ, Hafner BJ, Kelly VE. The effects of a concurrent task on walking in persons with 
transfemoral amputation compared to persons without limb loss. Prosthet Orthot Int 2016 
Aug;40(4):490-496. Download 

Möller S, Rusaw D, Hagberg K, Ramstrand N. Reduced cortical brain activity with the use of 
microprocessor-controlled prosthetic knees during walking. Prosthet Orthot Int 2019;43(3):257-265. 
Download 

Ramstrand N, Rusaw DF, Möller SF. Transition to a microprocessor controlled prosthetic knee: 
Executive functioning during single and dual-task gait. Prosthet Orthot Int 2020;44(1):27-35. 
Download 

Segal AD, Orendurff MS, Klute GK, McDowell ML, Pecoraro JA, Shofer J, Czerniecki JM. Kinematic 
and kinetic comparisons of transfemoral amputee gait using C-Leg and Mauch SNS prosthetic 
knees. J Rehabil Res Dev 2006;43(7):857-870. Download 

Seymour R, Engbretson B, Kott K, Ordway N, Brooks G, Crannell J, Hickernell E, Wheller K. 
Comparison between the C-leg(R) microprocessor-controlled prosthetic knee and non-
microprocessor control prosthetic knees: A preliminary study of energy expenditure, obstacle 
course performance, and quality of life survey. Prosthet Orthot Int 2007;31(1):51- 61. Download 

Schmalz T, Blumentritt S, Marx B. Biomechanical Analysis of Stair Ambulation in Lower Limb 
Amputees. Gait Posture 2007;25:267-278. Download 

Williams RM, Turner AP, Orendurff M, Segal AD, Klute GK, Pecoraro J, Czerniecki J. Does Having a 
Computerized Prosthetic Knee Influence Cognitive Performance during Amputee Walking? Arch 
Phys Med Rehabil 2006;87:989-994. Download 

 

Ottobock Reimbursement North America  
P 800 328 4058  F 800 230 3962 
US: shop.ottobock.us  
CA: shop.ottobock.ca 
reimbursement911@ottobock.com 

©
20

23
 O

tt
o 

Bo
ck

 H
ea

lt
hC

ar
e 

LP
 0

40
62

3 

https://www.clinbiomech.com/article/S0268-0033(18)30368-1/fulltext
https://pubmed.ncbi.nlm.nih.gov/29753888/
https://journals.sagepub.com/doi/10.1177/0309364615596066
https://journals.sagepub.com/doi/10.1177/0309364618805260
https://journals.sagepub.com/doi/abs/10.1177/0309364619892773?journalCode=poia
https://www.rehab.research.va.gov/jour/06/43/7/segal.html
https://journals.sagepub.com/doi/10.1080/03093640600982255
https://www.sciencedirect.com/science/article/pii/S0966636206000531?via%3Dihub
https://www.archives-pmr.org/article/S0003-9993(06)00284-X/fulltext
mailto:reimbursement911@ottobock.com



