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Abstract
Background: Despite the evidence for improved safety and function of microprocessor stance and swing-controlled 
prosthetic knees, non-microprocessor-controlled prosthetic knees are still standard of care for persons with transfemoral 
amputations in most countries. Limited feature microprocessor-control enhancement of such knees could stand to 
significantly improve patient outcomes.
Objectives: To evaluate gait speed, balance, and fall reduction benefits of the new 3E80 default stance hydraulic knee 
compared to standard non-microprocessor-controlled prosthetic knees.
Study design: Comparative within-subject clinical study.
Methods: A total of 13 young, high-functioning community ambulators with a transfemoral amputation underwent 
assessment of performance-based (e.g. 2-min walk test, timed ramp/stair tests) and self-reported (e.g. falls, Activities-
Specific Balance Confidence scale, Prosthesis Evaluation Questionnaire question #1, Satisfaction with the Prosthesis) 
outcome measures for their non-microprocessor-controlled prosthetic knees and again after 8 weeks of accommodation 
to the 3E80 microprocessor–enhanced knee.
Results: Self-reported falls significantly declined 77% (p = .04), Activities-Specific Balance Confidence scores improved 12 
points (p = .005), 2-min walk test walking distance increased 20 m on level (p = .01) and uneven (p = .045) terrain, and 
patient satisfaction significantly improved (p < .01) when using the 3E80 knee. Slope and stair ambulation performance 
did not differ between knee conditions.
Conclusion: The 3E80 knee reduced self-reported fall incidents and improved balance confidence. Walking performance 
on both level and uneven terrains also improved compared to non-microprocessor-controlled prosthetic knees. Subjects’ 
satisfaction was significantly higher than with their previous non-microprocessor-controlled prosthetic knees. The 3E80 may 
be considered a prosthetic option for improving gait performance, balance confidence, and safety in highly active amputees.

Clinical relevance
This study compared performance-based and self-reported outcome measures when using non-microprocessor and 
a new microprocessor-enhanced, default stance rotary hydraulic knee. The results inform rehabilitation professionals 
about the functional benefits of a limited-feature, microprocessor-enhanced hydraulic prosthetic knee over standard 
non-microprocessor-controlled prosthetic knees.

Keywords
Rehabilitation of prostheses users, rehabilitation, evaluation studies, study design, prosthetics and orthotics in 
developing countries, developing countries, microprocessor knee, community ambulators, prosthetics in emerging 
countries, prosthetic falls

Date received: 23 August 2016; accepted: 24 April 2017

1 Clinical Research, Fundação de Apoio à Capacitação em Tecnologia da 
Informação (FACTI), São Paulo, Brazil

2Medical Affairs, Otto Bock HealthCare LP, Austin, TX, USA

716207 POI0010.1177/0309364617716207Prosthetics and Orthotics InternationalFuenzalida Squella et al.
research-article2017

Original Research Report

Corresponding author:
Andreas Kannenberg, Medical Affairs, Otto Bock HealthCare LP, 
Austin, TX 78758, USA. 
Email: andreas.kannenberg@ottobock.com

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/poi
mailto:andreas.kannenberg@ottobock.com


Fuenzalida Squella et al. 229

Background

Proximal levels of limb amputations usually result in 
greater functional impairments than more distal levels. 
Following transfemoral amputation, patients are less 
likely to be fitted a prosthesis1 and regain full commu-
nity mobility than those with limb loss at the, for exam-
ple, transtibial level.2 Their physical capabilities are 
often compromised by impaired balance3 with frequent 
stumbles and falls4,5 and increased risk of injuries. In 
addition, they usually experience slower customary 
walking speeds within a limited range6 and increased 
metabolic7 and mental energy expenditure.8 They also 
suffer impaired mobility on uneven terrain,9 slopes and 
hills,3 and stairs.10

The selection of a prosthetic knee joint requires com-
prehensive consideration, to provide safety and func-
tion.11 Typical reciprocal gait on non-level surfaces such 
as uneven terrain, slopes, and stairs requires controlled 
knee flexion during prosthetic single limb stance. 
Friction brake and four-bar knee mechanisms do not pro-
vide this function, often times eliciting adaptations such 
as non-physiologic step-to patterns over these terrains. 
Polycentric mechanisms may enable limited knee flex-
ion during prosthetic limb loading. Hydraulic stance 
control mechanisms may allow for unlimited knee flex-
ion during prosthetic limb loading supporting reciprocal 
step-through gait patterns over non-level terrains. The 
more stance control a non-microprocessor-controlled 
prosthetic knees (NMPK) provides, the more difficult it 
can be for the user to reliably effect and control the 
switch between stance to swing. Among available 
NMPK mechanisms, this creates an inverse relationship 
between inherent stability and functionality: the more 
stable the prosthetic knee in weighted stance, the less 
enabling it can be for reciprocal gait on uneven terrain, 
slopes, and stairs.12

Microprocessor (MP) control has overcome this design 
limitation, offering superior safety and function at the 
same time.13–15 However, prosthetic knees with full MP 
stance and/or swing control have not even been adopted 
as standard of prosthetic care in all developed countries to 
date. The new 3E80 (Otto Bock HealthCare GmbH, 
Duderstadt, Germany) is a default stance hydraulic knee 
enhanced by an MP that controls the transition between 
stance and swing phases and provides a stumble recovery 
function. The primary objective of this study was to inves-
tigate whether or not the MP-enhancement results in 
reduced fall incident rates and risk of falling. In addition, 
functional performance on different terrains and satisfac-
tion with the prosthesis were assessed. The MP-enhanced 
knee was compared to NMPKs usually prescribed and fit-
ted to subjects with a transfemoral amputation who pre-
sent the ability for unlimited community ambulation in 
Latin America.

Methods

Study participants

Participants were enrolled when they had met the follow-
ing inclusion criteria: age ⩾ 18 years, unilateral transfem-
oral amputation or knee disarticulation, Medicare 
Functional Classification Level (MFCL) 3 or 4, use of the 
current prosthesis for at least 6 months, and written 
informed consent. Exclusion criteria were defined as 
additional major limb amputations, use of walking aids, 
poor socket fit, recurring residual limb skin breakdown, 
and any medical condition that may have resulted in a 
limitation or fluctuation of the physical capacity during 
the study. Since the study center does not provide pros-
thetic patient care, it had to depend on referrals of poten-
tial study participants. Subjects were screened for 
inclusion and exclusion criteria by certified prosthetists in 
six local prosthetic clinics who were not otherwise 
involved in the study process. Referred subjects were 
evaluated in the study center and enrolled if they had 
agreed to participate and signed a written informed con-
sent. In total, 15 individuals were referred by the pros-
thetic clinics. All of them met the inclusion criteria and 
did not meet any exclusion criteria, so they were enrolled 
as consecutive patients. 

Study design

This study was approved by the Committees on Ethics in 
Research of the Federal Department of Health of Brazil 
and of the Municipal Hospital Dr Mário Gatti in Campinas, 
Brazil.

After baseline assessment with the existing prosthetic 
knee (NMPK), subjects were fitted the 3E80 intervention 
knee and allowed for an accommodation period of 
8 weeks, after which the study was concluded with a fol-
low-up assessment. Details on the test prostheses are pro-
vided in section “Knee conditions.” As subjects had used 
their current prosthesis for a minimum of 6 months, full 
accommodation to the NMPK condition was assumed. No 
additional training or physical therapy other than a basic 
instruction and 2-hour  ambulation training with the inter-
vention knee was provided.

Knee conditions

Most of the NMPKs (86%) were 3R80 default swing knee 
joints with a monocentric rotary hydraulic with manually 
adjustable resistances for stance flexion, swing flexion, and 
swing extension. Stance phase dampening is activated by 
loading the knee above a manually adjustable threshold. This 
allows for knee flexion during weight bearing, which is 
required for reciprocal slope and stair descent. Swing control 
is activated by unloading the knee or producing a forefoot 
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load with the knee fully extended. One patient used a 3R21 
four-bar knee with friction swing control, and one patient 
used a 3R92 friction brake knee with pneumatic swing con-
trol. The intervention knee 3E80 is very similar to the 3R80 
rotary hydraulic with the same manual adjustment options. 
Compared to MPKs that continuously adjust stance and 
swing resistances for every step, the basic resistance settings 
for the 3E80 are manually adjusted and do not change 
between steps. In addition, the 3E80 is enhanced with an MP 
that controls switching between stance and swing and 
designed as a default stance knee. The MP utilizes input from 
a patented sensor that permits the calculation of torques at 
various points of the prosthesis below the knee. Thus, the MP 
can distinguish between heel and forefoot loads acting 
through the prosthetic foot. The 3E80 switches into swing 
control when (1) the knee is fully extended and (2) a forefoot 
load is determined to exceed a dynamically calibrated thresh-
old. In early swing, the MP keeps knee flexion resistance low 
as long as the knee is flexing to allow for sufficient heel rise 
and thus toe clearance during mid-swing. As soon as the 
knee and shank start the extension movement after heel rise, 
the MP re-activates the high knee flexion resistance set for 
stance to ensure knee stability for stumble recovery in case of 
any perturbation. Should the forefoot moment decrease at 
terminal stance without initiation of swing, such as in the 
case of walking backwards, the MP re-activates the high 
stance phase resistance setting to ensure knee stability during 
potential events of stumble.

Subjects’ existing sockets, prosthetic feet, and structural 
components were used throughout the study. The interven-
tion knee was fitted in all patients by the same certified 
study prosthetist. Changes to the alignment of the prosthesis 
and adjustments to the prosthetic knee were made in accord-
ance with the recommendations of the manufacturer.

Participants were allowed to keep the intervention knee if 
they had demonstrated substantial improvements in at least 
one safety and one functional outcome. To limit the potential 
bias of the study results, subjects were only made aware of 
that opportunity after they had completed the protocol.

Outcome measures

A set of performance-based and self-reported outcome 
measures was used to assess fall incidence rates and risk of 
falling, functional walking performance on different ter-
rains, and satisfaction with prosthesis use in both knee 
conditions. Subjects started with a self-report instrument 
and were then administered a performance-based test and 
so forth in alternating order.

Outcome measures for fall rates and risk of 
falling

Falls. Patients were asked how often they had fallen in the 
past 4 weeks prior to the visit on their current or intervention 
prosthetic knees, respectively.

Timed Up and Go test. The Timed Up and Go (TUG) test is 
a validated test to assess the risk of falling and overall 
physical function in the elderly16 and individuals with 
amputations.17,18 The minimal detectable change (MDC90) 
in amputees has been reported to be 3.6 s,19 and completion 
times ⩾19 s indicate an increased risk of falling.18

Four Square Step Test. The Four Square Step Test (FSST) is 
a validated test for the risk of falling in older adults20 and 
subjects with amputations.18 Completion times ⩾24 s indi-
cate an increased risk of multiple falls.18

Activity-Specific Balance Confidence scale. The Activity-Spe-
cific Balance Confidence (ABC) scale is a self-report 
instrument that assesses perceived balance confidence in 
16 activities of daily living (ADL). It has been validated 
for use in the elderly21 and persons with amputations.22 
Scores ⩽67 are considered to indicate an increased risk of 
falling.22

Falls Efficacy Scale–International. The Falls Efficacy Scale–
International (FES-I) is a validated self-report instrument to 
assess the fear of falling in 10 ADLs. It has been validated 
for use in the elderly23 and persons with amputations.5

Functional walking performance tests

The 2-Min Walk Test on level and uneven ground. Timed 
walk tests are validated measures of physical performance 
and overall mobility in the elderly and patients with vari-
ous medical conditions24 including lower limb amputa-
tions.25,26 The MDC has been reported to be between 1727 
and 34.5 m.19 However, the latter value was determined in 
a mixed sample of subjects with transtibial and transfemo-
ral amputations with no specification of their functional 
levels. Generally, in rehabilitation, increases in walking 
speed of 0.1 m/s or more, which would equal an increase in 
walking distance of 12 m or more in the 2-min walk test 
(2MWT), are considered clinically meaningful.28–30

Rating of Perceived Exertion (Borg scale). The Borg Rating of 
Perceived Exertion (RPE) measures the perceived inten-
sity of physical activities on a visual analogue scale. It pro-
vides a good estimate of the actual heart rate during 
physical activity and is correlated with lactate levels, 
%VO2max, and breathing rates in athletes.31 It was 
assessed immediately after the subjects had finished the 
2MWT.

Timed Ramp Test. The Timed Ramp Test (TRT) was devel-
oped to assess participants’ ability to ascend and descend a 
359-cm-long and 60-cm-wide ramp with 19% grade (10° 
incline) and handrails on both sides. Times were recorded 
for how long it took each subject to walk as fast as possible 
from the bottom to the top of the ramp (ascent) and from 
the top to the bottom (descent).
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Timed Stair Test. The Timed Stair Test (TST) was devel-
oped to assess participants’ ability to ascend and descend a 
122-cm-tall and 76-cm-wide staircase with five steps and 
handrails on both sides. Times were recorded for how long 
it took each subject to walk as fast as possible from the 
bottom to the top of the stair (ascent) and from the top to 
the bottom (descent).

Orthotic and Prosthetic Users’ Survey. The Orthotic and 
Prosthetic Users’ Survey (OPUS) is a validated self-report 
outcome measure to assess perceived difficulty of 20 
ADLs.32

Patient satisfaction

Question #1 of the Prosthesis Evaluation Questionnaire. The 
Prosthesis Evaluation Questionnaire (PEQ) is a validated 
self-report instrument to assess quality of life and per-
ceived prosthetic function.33 In this study, only question #1 
“Over the past 4 weeks, how happy have you been with 
your prosthesis?” was rated on a 100-mm visual analogue 
scale. Question #1 of the PEQ has been used indepen-
dently in several prosthetic studies.34

Satisfaction with the Prothesis questionnaire. Patient satisfac-
tion with the entire fitting process was evaluated using the 
validated Satisfaction with the Prothesis (SAT-PRO) ques-
tionnaire that has also been used in several prosthetic 
studies.35,36

Knee preference. After completing the research protocol, 
patients were asked which prosthetic knee joint they would 
prefer to keep. At the time of the interview, they did not yet 
know that they would be allowed to keep the intervention 
knee if they had demonstrated favorable objective out-
comes with it.

Statistical analysis

The sample size calculation was based on the published 
means and variabilities for the reduction in falls demon-
strated using MP-controlled knees (MPK).13–15,34,37 
Assuming a mean reduction in falls by 60% using the 
3E80, the minimum sample size to demonstrate statistical 
significance was calculated at 15 participants.

All data were tested for normal distribution to deter-
mine the appropriate statistical test for each outcome 
measure. Normally distributed data were analyzed using 
the t-test for paired samples, non-normally distributed data 
were analyzed with the Wilcoxon test. All statistical analy-
ses were conducted using MATLAB (The MathWorks, 
Inc., Natick, MA, USA) with thresholds for statistical sig-
nificance set a priori to 0.05. For the interpretation of sta-
tistically significant results, MDC and minimally clinically 
important differences (MCID) of the respective measures, 
if published, were used as references.

Results

Subject demographics

A total of 15 subjects gave informed consent to participate 
in the study. One subject withdrew prior to the baseline 
assessment due to time constraints, and another subject 
dropped out during the study due to a medical condition 
unrelated to the intervention. Thus, 13 participants (11 
males, 2 females) with a mean age of 33.1 ± 8.8 years, who 
had used their existing prostheses for 5.8 ± 2.6 years, com-
pleted the study protocol. Detailed demographic informa-
tion on all participants is presented in Table 1.

Fall rates and risk of falling

In the 4 weeks prior to the assessment sessions, partici-
pants reported significantly fewer falls with the 3E80 
knee than with their previous NMPKs. An extreme outlier 
with 10 falls per day (280 falls in the past 4 weeks) on his 
NMPK, but no falls on the 3E80, was excluded from the 
analysis to prevent this dataset from distorting the average 
number of falls with an NMPK in the rest of the study 
sample. Thus, the number of reported falls in the remain-
ing 12 subjects decreased significantly by 77% (p = .04). 
Similarly, the rating of perceived balance confidence on 
the ABC scale improved significantly by 12 points 
(p = .005). The individual results for the falls and ABC 
scores are presented in Table 3. Eight subjects each (62%) 
were able to reduce falls or improve their ABC score by 
10 or more points. The FSST, TUG, and FES-I did not 
reveal any significant differences between the knee condi-
tions (Table 2).

Functional walking performance tests

The 2MWTs on level and uneven terrains demonstrated 
significant improvements in the distance walked with the 
3E80 as compared to the NMPK that exceeded one of the 
MDCs reported in the literature.27 The corresponding 
increase in walking speed of 0.18 m/s was well above the 
widely accepted MCID of 0.1 m/s.28–30 The individual 
results for the distance walked in the 2MWT on both ter-
rains are presented in Table 3. On either terrain, eight sub-
jects (62%) improved their average walking speed by more 
than 0.1 m/s. The Borg RPE for the 2MWTs did not show 
a difference between the knee conditions and neither did 
the completion times in the timed ramp and stair tests or 
the rating of perceived difficulty of ADLs in the OPUS 
questionnaire (Table 3).

Satisfaction with the prosthesis

Subjects’ satisfaction with the prosthesis as measured with 
question #1 of the PEQ demonstrated a significant 41% 
increase from 63.8 ± 22.3 to 89.9 ± 8.9 (p = .0006) when 
using the intervention knee. The satisfaction with the 
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entire fitting process as assessed with the SAT-PRO ques-
tionnaire demonstrated a significant 20% improvement 
from 30.5 ± 6.7 to 24.6 ± 5.5 with the 3E80 (p = .01). At the 
end of the study, all 13 patients preferred the MP-enhanced, 
default stance knee. All of them were allowed to keep it as 
they all had demonstrated substantial individual improve-
ments in at least one safety outcome and one functional 
performance test (Table 3).

Discussion

In this first clinical study, with an MP-enhanced, default 
stance hydraulic knee, subjects experienced a significant 

77% reduction in falls as well as a significant 12-point 
improvement in balance confidence during ADLs as com-
pared to using their previous NMPKs. These improve-
ments have the same magnitude as those reported for the 
C-Leg and C-Leg Compact compared to NMPKs.13,14,34,37,38 
However, some other MPKs have not been able to demon-
strate reduction in falls and risk of falling.39,40 In addition, 
our participants were able to increase their walking speeds 
in the 2MWT from 1.03 to 1.21 m/s on level terrain and 
from 1.07 to 1.25 m/s on uneven terrain with the 3E80 
knee. Together with the significantly improved ABC 
score, this clinically meaningful improvement may reflect 
increased confidence in the prosthesis. That is likely the 

Table 1. Demographic information on the participants.

Subject no. Sex Age (years) Height (m) Weight (kg) MFCL Prosthetic 
experience (years)

NMPK

1 f 32 1.81 74.3 3 5.2 3R80
2 m 42 1.60 75.5 3 3.2 3R80
3 m 29 1.74 78.3 3 7.3 3R80
4 m 28 1.72 69.9 3 3.2 3R80
5 m 31 1.76 71.1 3 7.2 3R80
6 m 33 1.83 77.7 3 8.2 3R80
7 f 43 1.92 86.5 3 7.2 3R80
8 m 20 1.77 72.4 3 1.2 3R80
9 m 23 1.90 111.9 3 10.3 3R21
10 m 41 1.66 66.1 3 8.3 3R80
11 m 37 1.78 69.5 3 6.4 3R80
12 m 34 1.59 47.0 3 3.4 3R92
13 m 41 1.80 80.0 3 3.7 3R80
Mean ± SD 11 m

2 f
33.1 ± 8.8 1.76 ± 0.09 75.4 ± 13.8 3 5.8 ± 2.6  

MFCL: Medicare Functional Classification Level; NMPK: non-microprocessor-controlled prosthetic knees; SD: standard deviation.

Table 2. Safety, functional, and mobility outcomes.

Outcome measure Number of 
subjects analyzed

NMPK condition 
(mean ± SD)

3E80 condition 
(mean ± SD)

p value

Falls in the past 4 weeks 12 2.2 ± 2.5 0.5 ± 1.1 0.04
ABC scale 13 75.3 ± 10.3 87.6 ± 5.9 0.005
Timed up and go (TUG) test (s) 13 8.6 ± 0.8 9.3 ± 1.5 0.124
Four Square Step Test (FSST) (s) 13 9.4 ± 1.9 9.1 ± 1.6 0.725
Falls Efficacy Scale–International (FES-I) 13 26.4 ± 11.5 18.8 ± 7.5 0.059
2MWT on level ground (m) 13 124.4 ± 23.4 144.9 ± 8.6 0.01
2MWT on uneven ground (m) 13 128.0 ± 27.2 149.6 ± 16.4 0.045
RPE on level ground 13 0.86 ± 0.88 0.78 ± 1.03 0.539
RPE on uneven ground 13 1.43 ± 1.56 0.81 ± 0.66 0.360
Timed ramp ascent (s) 13 3.8 ± 0.9 4.4 ± 0.9 0.115
Timed ramp descent (s) 13 4.0 ± 1.2 4.4 ± 1.0 0.339
Timed stair ascent (s) 13 4.0 ± 1.3 4.8 ± 1.5 0.212
Timed stair descent (s) 13 2.9 ± 1.4 3.0 ± 0.9 0.613
OPUS 13 45.7 ± 8.5 43.4 ± 13.5 0.395

NMPK: non-microprocessor-controlled prosthetic knees; SD: standard deviation; ABC: Activity-Specific Balance Confidence scale; 2MWT: 2-min 
walk test; RPE: Rating of perceived exhaustion (Borg scale); OPUS: Orthotic and Prosthetic Users’ Survey.
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result of the safer MP-controlled gait phase switch mecha-
nism and stumble recovery function. It has been reported 
that an average walking speed of 1.08–1.25 m/s or a dis-
tance of 130–150 m covered in the 2MWT, respectively, 
indicate good overall walking capabilities and no longer 
represent a substantial impairment of ambulation and 
daily activity.41,42 With the NMPK, our study sample was 
slightly below this important threshold but was able to 
reach it when using the 3E80. There are distinct technical 
differences between the MPKs available.43,44 C-Leg (MP 
stance and swing control) and C-Leg Compact (MP stance 
control) have demonstrated not only improvements in 
walking speed and/or quality of gait on even37,38,45 and une-
ven terrains37 but also on obstacle courses, slopes, and sta
irs.13,14,26,34,38,46 Other MPKs have failed to demonstrate 
benefits in some of these measures39,40 or have not even 
been subjected to clinical studies yet. In this study, the 
3E80 knee did not improve slope and stair mobility nor 
perceived difficulties of performing ADLs. This is not 
surprising as negotiating slopes and stairs and performing 
many ADLs depend on the control of stance phase resist-
ances and behavior of the knee rather than on the gait 
phase switching mechanism. Stance control and behavior 
do not differ between 3E80 and 3R80 that was used as 
control by 86% of subjects. Both knees use the same 
hydraulic unit and resistance adjustment options. 
Improvement in participant satisfaction with the interven-
tion knee was significant and similar in magnitude to that 
reported for other MPKs.13,14,34,37,38 We assume that, based 
on our findings and subjects’ comments, this increase in 

satisfaction is mainly due to improved safety and balance 
confidence. The 3E80 MP-enhanced, default stance 
hydraulic knee may therefore be an alternative for active 
individuals with MFCL-3 mobility who desire or need 
more safety but are satisfied with the functional support 
of a regular hydraulic knee.

Limitations

This study has several limitations. The average age of sub-
jects was much younger than in most prosthetic studies in 
Europe or North America. Reasons are somewhat different 
amputation etiology and incidence patterns and a higher 
likelihood of older amputees in Latin America not fitting 
the ambitious inclusion and exclusion criteria. In addition, 
older individuals in Latin America are not used to the con-
cept of clinical research. This results in a low willingness to 
participate in such projects. Although a selection bias exe-
cuted by the prosthetic referral clinics cannot fully be 
excluded, they were not involved in the study process 
beyond patient screening. Due to the limited number of 
subjects referred, the study center did not have the chance 
to individually select or turn away eligible individuals will-
ing to participate. However, it is much more challenging to 
study clinical differences between prosthetic interventions 
in such a young and high-functioning sample, since the 
high physical capabilities of the subjects are more likely to 
outweigh technical and functional differences between 
prosthetic components. Due to attrition, we were not able to 
finish the study with the minimum sample size calculated. 

Table 3. Individual subject results for those outcome measures that demonstrated significant differences for the entire study 
sample.

Patient no. Falls (number in 
past 4 weeks)

ABC (score) 2MWT even ground 
(m)

2MWT uneven 
ground (m)

1 5 0 87.5 97.5 141.7 145.6 149.0 176.4

2 3 3 71.3 83.3 109.0 143.7 149.7 151.0

3 0 0 73.8 90.6 146.3 144.9 140.0 161.7

4 0 0 63.8 76.3 123.8 139.3 144.5 126.5

5 0 1 80.0 92.5 105.9 155.5 129.9 173.0

6* 280 0 89.3 95.6 135.9 153.4 141.7 147.3

7 1 0 80.0 83.1 140.6 140.7 131.5 156.3

8 4 0 73.8 78.8 144.7 144.7 140.6 162.0

9 2 0 83.3 86.2 130.8 148.0 140.6 144.1

10 6 3 54.0 90.6 97.7 123.7 62.9 130.0

11 0 0 75.0 86.3 102.5 139.3 69.2 129.6

12 7 0 61.3 88.1 115.5 149.3 137.4 128.5

13 1 0 86.3 90.0 138.7 144.1 126.9 158.0

ABC: Activity-Specific Balance Confidence; 2MWT: 2-min walk test.
Subject no. 6 was excluded from the statistical analysis of falls as an extreme outlier.
Cells highlighted with gray shading indicate a clinically meaningful improvement of the subject in the respective outcome measure.
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That might raise a concern that the study was underpow-
ered to find differences between the interventions. As the p 
values of the statistical tests for all outcome measures illus-
trated in Table 2, only the FES-I score might have reached 
statistical significance with the full sample of 15 subjects. 
However, as the FES-I scores for both knee conditions 
were way below the established threshold of ⩾70 indicat-
ing increased fear of falling, a would-be statistical differ-
ence might not be interpreted as clinically meaningful. 
Although 11 of the 13 participants used a non-MP hydrau-
lic stance and swing control knee, the NMPK condition 
was not fully standardized. In addition, the prosthetic foot 
condition was not standardized, since subjects kept their 
existing feet. There is no consensus on the optimal accom-
modation time to prosthetic interventions. The acclimation 
period used in our study was consistent with the 2–3 months 
commonly allowed for in most prosthetic studies.47 In addi-
tion, as the only difference between the 3R80 used by 86% 
of subjects prior to enrollment and the 3E80 intervention 
was the gait phase switch mechanism, 8 weeks were 
deemed sufficient. For the same reason, only a basic 2-hour 
training session with the intervention knee was provided, 
which largely eliminated training as a confounding factor 
of effects. The order of knee conditions was not rand-
omized, and neither participants nor assessors were blinded. 
Some of the outcome measures were developed for this 
study and have not yet been validated. These factors may 
impose a bias in the results.

Conclusion

In this study, use of the 3E80 MP-enhanced, default stance 
hydraulic knee resulted in significantly fewer self-reported 
falls, improved balance confidence, faster walking speed 
on level and uneven terrain, and increased satisfaction 
with the prosthesis compared to the use of traditional 
NMPK commonly available.

Author contribution

All authors contributed equally in the preparation of this manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Ethical approval

This study was approved by the Committees on Ethics in 
Research (CEP) of the Federal Department of Health of Brazil 
and of the Municipal Hospital Dr Mário Gatti in Campinas, 
Brazil, with CAAE number 32859214.2.0000.5453 and review 
number 977,585 on 12 February 2015.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: The 

Fundação de Apoio à Capacitação em Tecnologia da Informação 
(FACTI), the employer of Sara Agueda Fuenzalida Squella and 
Ângelo Brandão Benetti, received a research grant from Ottobock 
to conduct this study. Andreas Kannenberg is a full-time employee 
of Ottobock, the manufacturer of the studied 3E80 MPK. The 
intervention knees were made available by Ottobock, and subjects 
were fitted with the intervention prosthesis by a certified prosthe-
tist employed by Ottobock do Brasil.

References

 1. Fletcher DD, Andrews KL, Butters MA, et al. Rehabilitation 
of the geriatric vascular amputee patient: a population-based 
study. Arch Phys Med Rehabil 2001; 82(6): 776–779.

 2. Van Velzen JM, van Bennekom CA, Polomski W, et al. 
Physical capacity and walking ability after lower limb 
amputation: a systematic review. Clin Rehabil 2006; 20(11): 
999–1016.

 3. Vrieling AH, van Keeken HG, Schoppen T, et al. Uphill and 
downhill walking in unilateral lower limb amputees. Gait 
Posture 2008; 28(2): 235–242.

 4. Miller WC, Speechley M and Deathe AB. The prevalence 
and risk factors of falling and fear of falling among lower 
extremity amputees. Arch Phys Med Rehabil 2001; 82(8): 
1031–1037.

 5. Miller WC, Deathe AB, Speechley M, et al. The influence 
of falling, fear of falling, and balance confidence on pros-
thetic mobility and social activity among individuals with a 
lower extremity amputation. Arch Phys Med Rehabil 2001; 
82(8): 1238–1244.

 6. Donker SF and Beek PJ. Interlimb coordination in pros-
thetic walking: effects of asymmetry and walking velocity. 
Acta Psychol 2002; 110(2–3): 265–288.

 7. Genin JJ, Bastien GJ, Franck B, et al. Effect of speed on the 
energy cost of walking in unilateral traumatic lower limb 
amputees. Eur J Appl Physiol 2008; 103(6): 655–663.

 8. Geurts AC, Mulder TW, Nienhuis B, et al. Dual-task assess-
ment of reorganization of postural control in persons with 
lower limb amputation. Arch Phys Med Rehabil 1991; 
72(13): 1059–1064.

 9. Vrieling AH, van Keeken HG, Schoppen T, et al. Obstacle 
crossing in lower limb amputees. Gait Posture 2007; 26(4): 
587–594.

 10. Jones SF, Twigg PC, Scally AJ, et al. The mechanics of 
landing when stepping down in unilateral lower-limb ampu-
tees. Clin Biomech 2006; 21(2): 184–193.

 11. Nelson VS, Flood KM, Bryant PR, et al. Decision in making 
prosthetic prescription and management. Arch Phys Med 
Rehabil 2006; 87(Suppl. 1): S3–S91.

 12. Blumentritt S. Biomechanical aspects of the indications 
of prosthetic knee joints [Biomechanische Aspekte zur 
Indikation von Prothesenkniegelenken]. Orthopädie-
Technik 2004; 55(6): 508–524 (article in German).

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

 14. Sawers AB and Hafner BJ. Outcomes associated with the 
use of microprocessor-controlled prosthetic knees among 
individuals with unilateral transfemoral limb loss: a system-
atic review. J Rehab Res Dev 2013; 50(3): 273–314.



Fuenzalida Squella et al. 235

 15. Highsmith MJ, Kahle JT, Bongiorni DR, et al. Safety, energy 
efficiency, and cost efficacy of the C-leg for transfemoral 
amputees. Prosthet Orthot Int 2010; 34(4): 362–377.

 16. Shumway-Cook A, Brauer S and Woollacott M. Predicting the 
probability of falls in community-dwelling older adults using 
the Timed Up & Go test. Phys Ther 2000; 80(9): 896–903.

 17. Schoppen T, Boonstra A, Groothoff JW, et al. The timed up 
and go test: reliability and validity in persons with unilat-
eral lower limb amputation. Arch Phys Med Rehabil 1999; 
80(7): 825–828.

 18. Dite W, Connor HJ and Curtis HC. Clinical identification 
of multiple fall risk early after unilateral transtibial amputa-
tion. Arch Phys Med Rehabil 2007; 88(1): 109–114.

 19. Resnik L and Borgia M. Reliability of outcome measures 
for people with lower-limb amputations: distinguishing true 
change from statistical error. Phys Ther 2011; 91(4): 555–565.

 20. Dite W and Temple VA. A clinical test of stepping and 
change of direction to identify multiple falling older adults. 
Arch Phys Med Rehabil 2002; 83: 1566–1571.

 21. Lajoie Y and Gallagher SP. Predicting falls within the 
elderly community: comparison of postural sway, reac-
tion time, the Berg balance scale and the Activities-specific 
Balance Confidence (ABC) scale for comparing fallers and 
non-fallers. Arch Gerontol Geriatr 2004; 38(1): 11–26.

 22. Miller WC, Deathe AB and Speechley M. Psychometric 
properties of the Activities-specific Balance Confidence 
Scale among individuals with a lower-limb amputation. 
Arch Phys Med Rehabil 2003; 84(5): 656–661.

 23. Yardley L, Beyer N, Hauer K, et al. Development and initial 
validation of the Falls Efficacy Scale International (FES-I). 
Age Ageing 2005; 34(6): 614–619.

 24. Brooks D, Davis AM and Naglie G. Validity of 3 physical 
performance measures in inpatient geriatric rehabilitation. 
Arch Phys Med Rehabil 2006; 87(1): 105–110.

 25. Brooks D, Hunter JP, Parsons J, et al. Reliability of the two-
minute walk test in individuals with transtibial amputation. 
Arch Phys Med Rehabil 2002; 83(11):1562–1565.

 26. Brooks D, Parsons J, Hunter JP, et al. The 2-minute walk 
test as a measure of functional improvement in persons 
with lower limb amputation. Arch Phys Med Rehabil 2001; 
82(10): 1478–1483.

 27. Devlin M, Sinclair LB, Colman D, et al. Patient preference 
and gait efficiency in a geriatric population with transfemoral 
amputation using a free-swinging versus a locked prosthetic 
knee joint. Arch Phys Med Rehabil 2002; 83(2): 246–249.

 28. Perera S, Mody SH, Woodman RC, et al. Meaningful change 
and responsiveness in common physical performance meas-
ures in older adults. J Am Geriatr Soc 2006; 54(5): 743–749.

 29. Perry J, Garrett M, Gronley JK, et al. Classification of walk-
ing handicap in the stroke population. Stroke 1995; 26(6): 
982–989.

 30. Schmid A, Duncan PW, Studenski S, et al. Improvements 
in speed-based gait classifications are meaningful. Stroke 
2007; 38(7): 2096–2100.

 31. Borg G. A category-ratio perceived exertion scale: relation-
ship to blood and muscle lactates and heart rate. Med Sci 
Sports Exerc 1983; 15(6): 523–528.

 32. Heinemann AW, Bode RK and O’Reilly C. Development 
and measurement properties of the Orthotics and Prosthetics 
Users’ Survey (OPUS): a comprehensive set of clinical out-
come instruments. Prosthet Orthot Int 2003; 27: 191–206.

33. Legro MW, Reiber GD, Smith DG, et al. Prosthesis Evaluation 
Questionnaire for persons with lower limb amputations: 
assessing prosthesis-related quality of life. Arch Phys Med 
Rehabil 1998; 79(8): 931–938.

 34. Hafner BJ and 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.

 35. Bilodeau S, Hebert R and Desrosier J. Questionnaire on the 
satisfaction of persons with lower limb amputation towards 
their prosthesis: development and validation. Can J Occup 
Ther 1999; 66(1): 23–32.

 36. Akarsu S, Tekin L, Safaz I, et al. Quality of life and func-
tionality after lower limb amputations: comparison between 
uni- and bilateral amputee patients. Prosthet Orthot Int 
2013; 37(1): 9–13.

 37. Kahle JT, Highsmith MJ and Hubbard SL. Comparison 
of non-microprocessor knee mechanism versus C-Leg on 
prosthesis evaluation questionnaire, stumbles, falls, walk-
ing tests, stair descent, and knee preference. J Rehabil Res 
Dev 2008; 45(1): 1–14.

 38. Burnfield JM, Eberly VJ, Gronley JK, et al. 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.

 39. Prinsen EC, Nederhand MJ, Olsman J, et al. Influence of a 
user-adaptive prosthetic knee on quality of life, balance con-
fidence, and measure of mobility: a randomized crossover 
trial. Clin Rehabil 2015; 29(6): 581–591.

 40. Hafner BJ and Askew RL. Physical performance and self-
report outcomes associated with use of passive, adaptive, 
and active prosthetic knees in persons with unilateral, trans-
femoral amputation: randomized crossover trial. J Rehabil 
Res Dev 2015; 52(6): 677–700.

 41. Gremeaux V, Damak S, Troisgros O, et al. Selecting a test for 
the clinical assessment of balance and walking capacity at the 
definitive fitting state after unilateral amputation: a compara-
tive study. Prosthet Orthot Int 2012; 36(4): 415–422.

 42. Parker K, Kirby L, Adderson J, et al. Ambulation of people 
with lower-limb amputation: relationship between capacity 
and performance measures. Arch Phys Med Rehabil 2010; 
91(4): 543–549.

 43. Thiele J, Westebbe B, Bellmann M, et al. Designs and per-
formance of microprocessor-controlled knee joints. Biomed 
Tech 2014; 59(1): 65–77.

 44. Bellmann M, Schmalz T and Blumentritt S. Comparative 
biomechanical analysis of current microprocessor-con-
trolled prosthetic knee joints. Arch Phys Med Rehabil 2010; 
91(4): 644–652.

45. Eberly VJ, Mulroy SJ, Gronley JK, et al. Impact of a stance 
phase microprocessor-controlled knee prosthesis on level 
walking in lower functioning individuals with transfemoral 
amputation. Prosthet Orthot Int 2014; 38(6): 447–455.

 46. Theeven P, Hemmen B, Rings F, et al. Functional added 
value of microprocessor-controlled knee joints in daily life 
performance of Medicare Functional Classification Level-2 
amputees. J Rehabil Med 2011; 43(10): 906–915.

 47. Highsmith MJ. Microprocessor knees: considerations 
for accommodation and training. J Prosthet Orthot 2013; 
25(4S): P60–P64.


