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OASIS 1: Retrospective analysis of four
different microprocessor knee types
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Abstract

Introduction: Microprocessor knee analyses to date have been primarily limited to microprocessor knees as a cat-

egory rather than comparisons across different models. The purpose of the current analysis was to compare outcomes

from four common knee models.

Methods: A retrospective analysis of clinical outcomes was performed. Outcomes for functional mobility, quality of life,

satisfaction with amputee status, and injurious falls were compared. Specific knee types represented were C-Leg

(Ottobock), Orion (Blatchford), Pli�e (Freedom Innovations), and Rheo ( €Ossur).

Results: Outcomes from 602 individuals were included. No significant differences were noted for functional mobility

(H¼ 2.91, p¼ 0.406) or satisfaction (H¼ 4.43, p¼ 0.219). For quality of life, differences existed for C-Leg versus Pli�e
(p¼ 0.010). For injurious falls, C-Leg (v2(1,137)¼ 10.99, p< 0.001) and Orion (v2(1,119)¼ 4.34, p¼ 0.037) resulted in

significantly reduced injurious falls compared to non-microprocessor knee users. C-Leg (H¼ 19.63, p< 0.001) and Pli�e
(H¼ 14.04, p¼ 0.003) users saw declines with advanced aging.

Conclusions: Our data indicate relative parity among the 4 microprocessor knees with regard to functional mobility

and satisfaction. In contrast to mobility, neither satisfaction nor quality of life values reflected declines with aging. Finally,

when compared to non-microprocessor knees, significant differences were observed across the microprocessor knee

types in relation to the reduction of injurious falls.
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Introduction

Having been the subject of numerous systematic
reviews and practice guidelines, microprocessor knees
(MPKs) are among the most studied components in
prosthetic rehabilitation.1–8 This scrutiny has coalesced
into a set of reasonably expected benefits associated
with the use of MPKs included as part of a clinical
practice guideline.1 These include reductions in self-
reported stumbles, falls and associated frustrations,
reductions in the reported cognitive demands
associated with prosthetic ambulation, increases in
self-reported confidence while walking, mobility, satis-
faction, well-being and quality of life and increases in
self-selected walking speeds on both level and uneven
terrain.1 Unfortunately, the available data is unable to
provide guidance as to prescription basis for differing
MPK types.

Lack of understanding across different
knees

The majority of the studies from which both systematic
reviews and practice guidelines have been produced
have reported upon the impacts of the C-Leg
(Ottobock, Dudderstadt, Germany), and to a limited
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extent the Rheo (€Ossur, Reykjav�ık, Iceland), in com-
parison to non-microprocessor knees (nMPK).
Providing clinical guidance is challenging given the dif-
ferent models of MPKs available, as well as the differ-
ent target demographics for MPKs versus nMPKs. For
example, Medicare does not cover MPK use for indi-
viduals classified as K2, subsequently leading to many
patients at K2 and K1 ambulatory level being pre-
scribed nMPK. Such payor guidelines however do
not extend into specific knee types.

There are a number of MPKs that utilize one or
more microprocessors to dynamically adapt their func-
tionality during gait with substantial differences in their
underlying algorithms and physical response mecha-
nisms.9,10 For example, the C-Leg (Ottobock,
Dudderstadt, Germany) relies entirely on hydraulic pis-
tons to control knee flexion and extension,9,11 while the
Orion (Blatchford Group, Basingstoke, Hampshire,
United Kingdom) and Pli�e (Freedom Innovations,
Irvine, California, United States) utilize varying com-
binations of hydraulics and pneumatics to achieve con-
trolled knee flexion and extension.9,11 The Rheo
(€Ossur, Reykjav�ık, Iceland), on the other hand, relies
on an entirely different mechanical control system
incorporating a magnetorheological fluid chamber to
control knee flexion and extension.9

The ability of MPKs beyond the C-Leg to help
patients realize the anticipated benefits associated
with an MPK has been comparatively under-
studied.12–16 Recently published evidence has suggested
that some MPK alternatives to the C-Leg have failed to
consistently provide the benefits frequently associated
with MPKs such as reduced stumbles and falls, reduced
mental exertion during ambulation, and increased self-
reported mobility and physical function.14,15 Other fre-
quently utilized MPKs, such as the Pli�e (Freedom
Innovations, Irvine, California, United States) and
the Orion (Blatchford Group, Basingstoke,
Hampshire, United Kingdom) received limited consid-
eration in recent literature.9,11,17 Analyses comparing
different MPKs are infrequent, and when they have
occurred, they are generally short-term observations
on small study cohorts that carry a risk of actual or
perceived bias due to direct manufacturer funding and
publication.9,10,12

Lack of understanding across varying ages

In additions to variations in MPK type, the available
evidence suggests that some constructs of interest
among MPK users appear to be more resilient to
aging than others. Values for prosthetic mobility, for
example, may decline slightly with aging.14,18–22

However, these trends may be confounded by MPK
type in the various clinical studies. By contrast,

satisfaction and quality of life among MPK users
may be more stable across population ages.14,16,18,23,24

It is unclear however whether the available data is con-

founded by different MPK types. Indeed, there is a lack
of understanding how the effect of aging on various
prosthetic outcomes is mitigated by MPK models.

Thus, the purpose of the current analysis was to
analyze prosthetic mobility, satisfaction with amputee
status, quality of life, and injurious falls among large
cohorts using different types of MPKs without any
potential bias or influence from manufacturer funding

or publication input. Focus was placed on the four
most frequently utilized MPKs in the United States
through a retrospective analysis of real-world patient
outcomes. In addition to differences across MPKs, dif-
ferences were examined across multiple age groups to

identify any aging related trends in outcomes by MPK
type. It was first hypothesized that differences in pros-
thetic outcomes would be seen across the specific MPK
models. Although it is believe that the different under-
lying mechanical function (i.e. different control algo-

rithms, sensors, actuators, fluid mediums, processor
speeds, etc.) may contribute to any differences, there
is insufficient understanding of how the nervous system
interacts with different mechanically imposed prosthet-
ic interactions, subsequently limiting hypothesis specif-

icity at this stage. But, it would be expected that the
results from this study may direct future work to dis-
cern the link between mechanisms and outcomes.
Second, while differences in prosthetic outcomes were
expected across MPK types, it was hypothesized that
similar age-related changes would be seen in the specific

MPK models.

Methods

Study design

A retrospective analysis of outcomes collected in clinic
was performed. Outcomes are being collected as part of
routine care within multiple clinics across continental
United States. The current analysis utilized the unilat-
eral AKA outcomes database with data collected from

April 2016 through April 2020. The current analysis
was approved and deemed exempt from patient con-
sent by Western Investigational Review Board
(Protocol #20170059). This study conforms to all
STROBE guidelines.

Microprocessor knees

The current analysis focused on four different knee
units. Within the continental United States, there are

four primary MPKs that are provided. Users wearing
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the C-Leg (Ottobock, Dudderstadt, Germany), the
Orion (Blatchford Group, Basingstoke, Hampshire,
United Kingdom), Pli�e (Freedom Innovations, Irvine,
California, United States), or the Rheo (€Ossur,
Reykjavik, Iceland) were considered for the current
analysis.

Participants

For an individual to be included in the analysis, they
needed to be age 18 or older, currently using a pros-
thesis, and able to read, write, and understand English
or Spanish. These inclusion criteria were consistent
with at least one endpoint outcome measure.25

Additionally, individuals must have received one of
the noted MPK models prior to the outcomes assess-
ment, and the outcomes assessment must have been
within the warranty period for the MPK knees to
ensure highest likelihood individuals were still on that
specific knee unit. For falls analysis, for reasons noted
below, the additional restriction on inclusion was
placed such that individuals must have received the
noted MPK model 6months or more prior to the out-
comes assessment. Individuals were excluded if they
were considered either K1 or K2 ambulator status
and therefore noted as K3 or above functional
ambulator.26

Procedure

As part of their routine prosthetic care, patients were
asked to complete a self-report survey outcomes
packet. Within the outcomes survey packet, there are
questions comprising the 12-item Prosthetic Limb
Users Survey of Mobility (PLUS-M).25,27 The 12-item
PLUS-M survey asks patients 12 questions surround-
ing the construct of functional mobility with 5 response
options including: 1) Unable to do, 2) With much dif-
ficulty, 3) With some difficulty, 4) With a little difficul-
ty, and 5) Without any difficulty. The responses to the
12-items are then summed and this raw score is con-
verted to a T-score.

In addition to functional mobility, individuals are
also asked the Prosthesis Evaluation Questionnaire
(PEQ) Well-being survey. The survey comprises ques-
tions to give information on outcomes of health state
satisfaction and quality of life. Although originally
administered as a continuous visual analog scale, the
instrument has subsequently been administered as a
discrete scale to ease clinical use with regards to patient
administration and survey scoring.18,28 The current
assessments implement questions on a discrete scale
of 1–10, with a value of 1 being “worst possible life”
(quality of life) or “extremely dissatisfied” (health state
satisfaction), and a value of 10 being “best possible

life” (quality of life) or “extremely satisfied” (health

state satisfaction).
Finally, the outcomes assessment includes a ques-

tion to record history of falls. At the initiation of rou-

tine outcomes collection within the clinics, it was

decided to anchor the fall question to a traumatic
event as opposed to inquiring only about general

falls. The question, “Have you had a fall in the previ-

ous 6months that resulted in a hospital or physician

visit?” allows for a single binary response. By anchor-

ing the fall recall to a traumatic event there is enhanced

patient recall.29 This is believed to reduce recall bias

and the associated error but comes with the limitation

that it undervalues the impact of falls that do not nec-

essarily elevate to the level of seeking medical attention.

The 6-month window associated with the fall question

necessitated further inclusion restriction on the injuri-

ous falls analysis as noted above.
In order to further understand the differences in the

MPK types with regards to falls, the percentage of fall-

ers within each category of MPK was compared to a

benchmark population percentage drawn from the lit-

erature. Previous literature has reported injurious falls

among community dwelling lower limb prosthesis users

to range between 19% and 27% over time frames of 18

and 12months respectively.30,31 More recent work on a

larger cohort of patients with transfemoral amputation

due to diabetes or vascular disease reported similar

percentage at 16.3% over a shorter time window of

only 6months.32 Due to the consistent methodology

and time window of 6months among a nMPK only

cohort, 16.3% was chosen as the population bench-
mark for comparison of MPK performance in the cur-

rent analysis.
It was understood a priori that the Rheo knee unit

would have the least number of patients. As such, while

the Rheo knee users would be included in analysis, the

decision was made to instead match group sizes based

on the lowest number of units of either the C-Leg,

Orion, or Plie. Once this group was identified, an equiv-

alent number of users from the remaining 2 groups

would be randomly selected. Random selection was

done through the randperm random number generator
function within MatlabVR (v2019b). This then created

the 3 groups from the C-Leg, Orion, and Plie which

would then be combined with Rheo. In this manner, it

provided a random sample of all individuals using the

knee units. This process was repeated 9 more times to

confirm consistent findings across randomly chosen

groups. Within MPK groups, individuals were subse-

quently broken down into age groupings based on

those previously published by PLUS-M33 (i.e. under

35, 35-49, 50-64, 65 and older) to allow secondary anal-

ysis of age.
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Demographic data was compiled for all four knee
units to understand potential differences in prescribing
patterns based on patient phenotypes. Based on non-
normality of the data, interval data (i.e. PLUS-M, sat-
isfaction and quality of life) was compared using
Kruskal-Wallis H tests. Categorical data (i.e. injurious
fall status) was compared using a Chi-Square test. In
the event of any factor level significant differences, a
Bonferroni correction was applied for post-hoc pair-
wise comparisons with adjusted p-values subsequently
presented.

Results

There were a total of 602 participants that were ulti-
mately included for analysis. This included 68 Rheo
users, and then 178 each of C-Leg, Orion, and Pli�e
users (Table 1). Among users of the C-leg, Plie and
Rheo, vascular disease/diabetes was the most common
amputation etiology specified. Individuals with C-Leg
were of the oldest median age. Height stature was fairly
consistent across the Orion, Pli�e, and Rheo, while C-
Leg users were slightly shorter. The heaviest median
weight group was the Pli�e. Pli�e users also comprised
of the highest percentage of females. C-Leg followed
by Rheo had the highest percentage of users that
reported no assistive devices. Rheo users comprised
the highest percentage of employed individuals.

C-Leg users reported the greatest median mobility
(Figure 1), however there were no statistical differences
between any of the four user groups (H¼ 2.91,
p¼ 0.406). Satisfaction with amputee status, derived
from the Prosthesis Evaluation Questionnaire – Well
Being subsection, showed C-Leg and Orion users
reported highest median satisfaction. However, there
were no statistical differences between the four

groups (H¼ 4.43, p¼ 0.219; Figure 2). For quality of
life, factor level differences were noted between the four
knee categories (H¼ 10.15, p¼ 0.017; Figure 3). Post-
hoc analysis revealed significant C-Leg users reported
greater quality of life versus Pli�e (p¼ 0.010). No other
pairwise comparisons reached statistical significance.

Next, injurious falls were examined. Due to the asso-
ciated 6-month window on the fall question, outcomes
assessed on individuals within the first 6months were
excluded, resulting in 419 MPK users available for fall
analysis inclusive of 43 Rheo users, 137C-Leg users,
119 Orion users, and 120 Pli�e users. Overall, among
the 419 MPK users, 10.0% of individuals reported an
injurious fall over the prior 6months. The lowest per-
centage of individuals to report an injurious fall for
which the individuals sought medical attention were

Table 1. Descriptive data for individuals using different microprocessor knees.

Microprocessor Knee C-Leg Orion Plie Rheo

Age, median (y) [IQR] 61.23 [48.78,68.11] 57.97 [46.15,67.74] 56.95 [46.76,65.27] 58.63 [44.67,66.22]

Height, median (cm) [IQR] 172.72 [165.10,180.34] 175.26 [170.18,182.88] 175.26 [167.64,182.88] 175.26 [167.64,180.34]

Weight, median (kg) [IQR] 80.79 [68.48,92.97] 81.63 [69.95,93.76] 83.90 [72.56,99.55] 81.63 [70.86,95.01]

Female (%) 44 (24.72%) 37 (20.79%) 56 (31.46%) 17 (25.00%)

Assistive device

None 83 (46.63%) 59 (33.15%) 67 (37.64%) 30 (44.12%)

Cane 44 (24.72%) 44 (24.72%) 37 (20.79%) 18 (26.47%)

Crutches 25 (14.04%) 34 (19.10%) 45 (25.28%) 11 (16.18%)

Walker 19 (10.67%) 19 (10.67%) 19 (10.67%) 4 (5.88%)

Forearm crutches 6 (3.37%) 13 (7.30%) 9 (5.06%) 4 (5.88%)

Unspecified 1 (0.56%) 9 (5.06%) 1 (0.56%) 1 (1.47%)

Cause of amputation

Vascular/diabetes 53 (29.78%) 45 (25.28%) 57 (32.02%) 22 (32.35%)

Non-vascular/diabetes 46 (25.84%) 47 (26.40%) 37 (20.79%) 16 (23.53%)

Unspecified 79 (44.38%) 86 (48.31%) 84 (47.19%) 30 (44.12%)

Employed (%) 43 (24.16%) 50 (28.09%) 55 (30.90%) 22 (32.35%)

Figure 1. Median mobility for users of different microprocessor
knee models. The highest mobility was reported in C-Leg users,
followed by Orion, Rheo, and Pli�e. PLUS-M: Prosthetic Limb
Users Survey of Mobility.
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the C-Leg and Orion users (Figure 4). No statistical
differences were noted between the four groups
(v2(3,419)¼ 5.01, p¼ 0.171). However, when comparing
against previous benchmark levels for injurious falls
over the prior 6month period among nMPK users,32

C-Leg (v2(1,137)¼ 10.99, p< 0.001) and Orion
(v2(1,119)¼ 4.34, p¼ 0.037) resulted in significantly
reduced injurious falls compared to nMPK.

Finally, when investigating MPK outcomes across
different age groups, we noted a consistent pattern of
modest declines in mobility with aging across all
MPKs. The Orion appeared to be the most resilient
to the effect of age on mobility, as no differences
were noted across age subgroups (H¼ 2.56, p¼ 0.464;
Figure 5). However, this may also be a reflection of

qualitatively observed lower mobility of younger

Orion users. Rheo also had no significant differences

across age (H¼ 4.61, p¼ 0.202), although differences

may be due to limited sample size when splitting the

Rheo sample into 4 sub-groups by age. C-Leg

(H¼ 19.63, p< 0.001; Under 35 vs 50-64: p¼ 0.028,

Under 35 vs 65 and Older: p< 0.001, 35-49 vs 65 and

Older: p¼ 0.025) and Pli�e (H¼ 14.04, p¼ 0.003; Under

35 vs 50-64: p¼ 0.005, Under 35 vs 65 and Older:

p¼ 0.009) users saw declines with advanced aging.
By contrast, both of the constructs assessed with the

PEQ-Well Being survey appeared to be resilient to the

impacts of advancing age noting lack of statistically

significant differences for both satisfaction (C-Leg:

(H¼ 4.76, p¼ 0.191); Orion: (H¼ 4.38, p¼ 0.223);

Pli�e: (H¼ 0.96, p¼ 0.810); Rheo: (H¼ 1.88,

p¼ 0.598)) and quality of life (C-Leg: (H¼ 3.18,

p¼ 0.365); Orion: (H¼ 3.45, p¼ 0.327); Pli�e:
(H¼ 4.57, p¼ 0.206); Rheo: (H¼ 1.11, p¼ 0.774)).

Qualitatively, the oldest Orion users report lowest sat-

isfaction with amputee status (Figure 6). Qualitatively,

individuals age 35-49 and 50-64 reported lowest quality

of life among Pli�e users (Figure 7).

Discussion

The current study had individuals stratified into four

different groups based on the type of MPK they uti-

lized. There were minimal differences in group demo-

graphics, but there were differences in performance

with current study hypotheses partly supported. It

was first hypothesized that differences would be noted

across MPKs in the measured outcomes. Overall

results noted areas of parity, but also certain measures

that would indicate differences in performance. It was

also hypothesized that similar age-related changes

would be observed across the MPK designs. This was

partially supported, with significant age differences

noted for two of the four groups.
Our data indicate relative parity among users of the

4 most commonly used MPKs with regard to prosthetic

mobility as measured by the PLUS-M. Differences in

average mobility scores within the four groups were

small and failed to reach statistical significance. With

respect to clinical significance, although the minimal

detectable change is more pertinent in repeated meas-

ures analyses, it is worth noting that observed group

differences did not exceed the minimal detectable

change of 4.5 points that has been identified with the

PLUS-M patient report outcomes instrument.34,35 The

relative parity among the MPKs in the current analysis

would suggest that when improved mobility is consid-

ered a primary aim for MPK prescription, all models

would be indicated.

Figure 3. Quality of life based on Prosthesis Evaluation
Questionnaire – Well Being subsection. Individuals using C-Leg
reported highest quality of life, followed by Orion, Rheo, and last
Pli�e. *Sig. vs. C-Leg at p< 0.05.

Figure 2. Satisfaction with amputee status based on Prosthesis
Evaluation Questionnaire – Well Being subsection. C-Leg and
Orion users reported highest median satisfaction, while Pli�e
users reported the lowest.
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Our data indicate a pattern of progressive decline in

prosthetic mobility with advancing age which is consis-

tent with the original PLUS-M development sample,36

although the degree of decline was less within our

sample and slightly varied across knee types. This

may be reflective of MPK benefits to mobility in our

sample of all MPK users versus the mixed pool of indi-

viduals within the PLUS-M development sample.

Future work should determine the magnitude of

decline in mobility with aging that could be expected

in the absence of technology such as MPKs.

Importantly, the noted mobility levels for aging indi-
viduals with MPKs reinforces the collective observa-
tion from prior publications that older adults are
frequently capable of meaningful prosthetic mobility
with the use of MPKs.20,22,37

Improvements in both satisfaction and quality of life
have generally been reported with the use of MPKs.
This has been measured using the Well-Being subscale
of the PEQ in which subjects are asked to rate their
satisfaction with “how things have worked out since
[their] amputation” over the past four weeks and their
quality of life over the last four weeks.14,16,18–20,23,24

Figure 5. Median mobility for users of different microprocessor
knee models broken down into age subgroups. Age impacts Pli�e
users the most. ̶ Sig. at p< 0.05, PLUS-M: Prosthetic Limb Users
Survey of Mobility.

Figure 4. Inspecting injurious falls over previous 6months revealed lowest percentage of falls among those with the C-Leg followed
by Orion. Rheo knee users reported the highest percentage of injurious falls. Orion and C-Leg effectively reduced the number of
injurious falls incurred over a 6-month period compared to non-microprocessor knees (non-MPK). *Sig. vs. non-MPK at p< 0.05,
†Population benchmark for 6-month injurious fall rate from Wurdeman et al.32

Figure 6. Median satisfaction with amputee status for age sub-
groups. C-Leg and Orion showed differences between youngest
users and oldest users.
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Improvements within the broader construct of quality
of life associated with the use of anMPK have also been

reported using the EuroQol Five Dimensions

Questionnaire (EuroQol EQ-5D) assessing the dimen-

sions of mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression.38,39

Our data demonstrates relative parity in the satisfac-

tion and quality of life reported by the users of all 4
analyzed MPKs. While the median satisfaction value

reported with the Pli�e was slightly lower than the

other MPKs, this failed to reach statistical significance
and was also associated with the greatest interquartile

range, suggesting a broader range of satisfaction values

associated with the knee. A similar pattern was observed

within the construct of quality of life, with slightly lower
quality of life values associated with the Pli�e.

In contrast to mobility, neither satisfaction nor qual-

ity of life values were associated with notable declines
with aging for users of any of the four MPKs. This

contrast could be interpreted as counter to previous

work showing a strong relationship between mobility
and both constructs of satisfaction and quality of life,28

however it more likely serves to underscore the multiple

factors associated with satisfaction and quality of life.

For example, previous work did not layer aging on top
of the analysis and it would seem reasonable that fac-

tors involved with satisfaction and quality of life vary

across the life spectrum and possibly different amputa-
tion levels.

The percentage of community dwelling lower limb

prosthesis users that incur an injurious fall has been
reported between 19% and 27% over time frames of

18 and 12months respectively.30,31 This percentage is

consistent with the slightly lower value of 16.3%

reported more recently over a shorter time window of
only 6months.32 Users of transfemoral prostheses have
been reported to be 2.8 times more likely to sustain an
injurious fall.31 The current analysis found that across
all subjects the percentage of individuals with injurious
fall in the previous 6months was only 10%, although
some specific knee designs seem to be more suited for
fall deterrence. This is consistent with previously pub-
lished literature reporting that the transition from
nMPKs to MPKs has generally been associated with
decreases in reported stumbles and falls using both the
PEQ-Addendum18,19 and raw stumble and fall
counts.20,22,40,41

Our data demonstrated a non-significant increase in
the number of injurious falls associated with both the
Pli�e and the Rheo relative to the C-leg and the Orion.
This is consistent with previously published observa-
tions of increased stumbles14 and falls15 with the tran-
sition from nMPKs to the Rheo MPK. The ability for
the C-Leg and Orion to significantly reduce injurious
falls compared to nMPKs would suggest that when
stability and falls reduction is considered a primary
aim for MPK prescription, these models may be more
indicated.

An additional consideration to this work is that the
examined populations included a range of amputation
etiologies (Table 1). By contrast, the benchmark data
for injurious falls used for comparison was taken from
a cohort of individuals with amputation secondary to
diabetes or vascular disease.32 The relationship
between amputation etiology and injurious fall rates
among users of transfemoral prostheses remains
unclear. Wong has reported a paradoxical relationship
in which patients with better balance demonstrate
higher odds of falling. This may reflect a tendency
among those with poor balance to avoid activities in
which falls might be experienced.30 Thus, the fall rates
observed in the MPK cohorts of this publication may
reflect higher activity levels and fall rates associated
with a more diverse range of amputation etiology
than that observed in the benchmark data. However,
given the identical means of data collection and the
associated recall period, this benchmark data repre-
sented the best available comparison group for injuri-
ous fall rates in the absence of MPKs.

The current study carries the advantage of being
completed and disseminated absent of potential bias
due to manufacturer funding or publication. This
allows rehabilitation specialists to care for patients
with confidence when selecting various manufacturer
components. Additionally, an analysis on more than
600 MPK users adds increased benefit as it provides
ability for greater generalizability compared to previ-
ous literature that may have been limited with sample
size.16,19,30,40,41 Analyses lacking manufacturer bias on

Figure 7. Median quality of life for age subgroups. Quality of life
followed similar trends as mobility, showing age impacts Pli�e
users the most.
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large samples of patients is warranted for further
refinement of clearer prescription guidelines.
However, the current analysis also has limitations
with its findings. First, the current study was retrospec-
tive observation analysis of patient outcomes. This
allows for understanding of clinical effectiveness as
opposed to efficacy, whereby effectiveness is defined
as “performance [of the intervention] under ‘real-
world’ conditions”.42 This subjects the current analysis
to potential selection bias. An additional limitation is
the unequal sample size of Rheo users which is directly
related to the aforementioned selection bias whereby
there are not many Rheo knees fitted in the participat-
ing clinics. Third, the current analysis database was not
able to identify experience on an MPK and some indi-
viduals may have transitioned recently from nMPK to
MPK. Also, the current analysis looked across differ-
ent MPK type users with population specific instru-
ments. Future work should consider non-population
specific measures to allow comparison to individuals
without amputation. Additionally, the current study
chose to investigate mobility, quality of life, satisfac-
tion with amputee status, and falls. There may be other
constructs and outcome measures for considering dif-
ferences in MPKs that are better suited. Finally, the
current study was an analysis of the end outcomes
experienced by patients without attempt to determine
underlying mechanistic cause. It is recommended for
next steps to include a mechanistic approach to under-
stand how the various mechanical differences of the
knee designs contribute to different end outcomes in
light of modern motor control theory.

Conclusions

The purpose of the current analysis was to analyze
prosthetic mobility, satisfaction with amputee status,
quality of life, and injurious falls among large cohorts
of different types of MPKs. We would recommend that
future products begin to include data on these and sim-
ilar domains/constructs as they are introduced to the
market to better inform clinical decisions. The avail-
ability of such data, combined with additional analyses
such as the current study, can lend itself towards clear-
er prescription guidelines which currently become less
specific when differentiating between manufacturers of
similar categories of devices. Our data indicate relative
parity among users of the 4 most commonly used
MPKs with regard to prosthetic mobility as measured
by the PLUS-M. Our data demonstrates relative parity
with high satisfaction and quality of life reported by the
users of all 4 analyzed MPKs. In contrast to mobility,
neither satisfaction nor quality of life values reflected
declines with aging. Finally, when compared to
nMPKs, significant differences were observed across

the MPK types in relation to the reduction of injurious
falls.
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